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Beschreibung 

Die voriiegende Erfindung betritft ein Richtfunksy
stem fur r-1unkt-zu-Mehrpunkt-Verbindungen, bei dem 
die fur die Komrnunikation zwischen einer Zentralstation 
und mehreren Teilnehmern zur Verfugung stehenden 
Frequenzkanale bedarfsweise zuteilbar sind. 

Ein solches Rich11unksystmn ist im Mikrokwellen
Magazin, Vol. 10, No. 6, 1984, S. 629, 630 erwahnt Bei 
Punkt-zu-Mehrpunkt-Richtfunkverbindungen i;='!Bt sich 
demnach die Frnquenzbandausnutzung durch eim; nur 
bedarfsweise Belegung des er1orderi!cl1en Freqenz
band€lS verbessern. DiE, Kornrnunikation zwischen der 
Zentralstation und den einzelnen Teiinehmem erfolgt 
entweder durch Vielfachzugritt irn Frequenzmultiplex 
(FDM/.\) ocJer durc~1 Violiact1zu1Jriff im Zeitmui1iplE,x (TO
MA), wobei die Frequenzkanale oder Zeitschlitze je 
nach Bedarf der Teilnehmer zugeteilt werden. 

Aus EP O 169 713 A3 ist ein Duplex-Ubertragungs
system bekannt Dabei eliolgt iediglich zwischen zwei 
Sende!Ernpfan~is-Stationen eine Sprachiibertra1iung 
entweder nur in eine Richtung (Simplex-Ubertragung) 
oder in beide R:chtungen (Duplex-Obe11ragung) gleich
zei1ig. FOr eine Sirnplex-Obertra~JUrl\J wird ein LJbertra
gungsl<anai zur Ve1ii.igung gestelit, der eine groBere 
Bandbreite aufweist als jedm der zwei fur eine Dupiex
LJbertragung bereitgestellten LJbertragungskaniiie. Da
zu werden die Datenraten der Obertragenen Signale an 
die Bandbreite der ihnen jeweils zugeordneten Obertra
gungskan~1ie angepa8t. 

Bei einem aus der WO-A-93/00751 bekannten Da
tenObertragur1gssystern werden die Sendesignalpegel 
so geregelt, daB sich eine optirnale Ubertragungsquali
tat einstellt. 

Der Erfindung liegt die /.\ufgabe zugrunde, ein 
Richtfunksystem der eingangs genann1en Art anzuge-
ben, dessen Ober1ragungskapazitat rnoglichst flexibel 
an ,fan BE)(fa;f der TE,llnet1rnBr anqepaBt w,mJen kann. 

Erfindungsgernal3 wird diese Aufgabe durch die 
Merkmale des Anspruchs 1 gelost. Vorteilhatte Weiter
bildunqen der Erfindun;J gE,hen aus d,m UrneransprO
chen hervor. 

Punkt-zu-Mer,rpunki Richtlunksysteme stellen eine 
kostengunstige und mi1 geringem Auiwand realisierbare 
Aiternaiive zu ieitergebundenen Obertragungssyste
rnen dar. Dies \Jilt in besonderern Ma8e rnr neue Netz
betreiber im Rahmen des Aufbaus eigener Telekommu
nikat:onsinfrastrukiur. 

Ein nach der Erfindung ausgefi.ihrtes Punkt-zu-

Die Figur zeigt ein Frequenzkanalraster. 
Ein Punkt-zu-Mehrpunkt Richtfunksystem besteht 

aus einer Zentralstation mit einer in Azimu1richtung 
rundstrahlenden oder sektonsiert stral1lenden Antenne 

5 und mehreren Teilnehmern, welche rni1 Richtantennen 
ausgestattet sind. Prinzipiell weisen die Zentralstation 
und die einzelnen TeilnBhrner in bokannter Weise Hoch
frnquenz--Sende/Ernpfan;is--Baugruppen, Urnsetrnr 
von der Hochfrequenz- in die Zwischen1requenzebene 

10 und irn Zwischenfrequenzbereich arbeitende Modulato
ren und Dernodula1oren auL 

Die Modulatoren und Demodulatoren in der Zentral
station sincJ so ausiJel€igt cJar1 Gin Zwiscr;enfmqwrnz
trager rnit einer variabien Datenrate, z.B. im Bereich von 

15 64 KBit/s bis maximal 8 MBit/s, rnodulierbar bzw. demo
dulierbar is1. D.h cJl,i Z€mtralstation kann - z.B. sof1warn
ges1euert - jedem Teilnehmer einen Frequenzkanal zur 
VerfOgung stellen, dessen Bandbreite an die vom iewei
iigen Teilnehmer geforderte Datenubertragungsrate an-

20 gepaBt ist. Das in der Zeichnung dargestellte Frequenz
kanalraster enthalt beispielhaft zwei Frequenzkanale 1 
und 5 lur eine Datenra1e von 2 MBit/s, zwei weitere Fre

quenzkanaie 2 und 4 tur eine Datemate von 64 KBit/s 
und ,~inen Frequenzkanal 3 Hir eine Datenra1e von 1 

25 MBit/s. Die Lage der einzelnen Kanale relativ zu der Mit
tenfrequenz fm des Obertraqungsbandes wird zweck
m~iGi9erweise so organisiert, daB die Kaniile symme
trisch um die Mittenfrequenz fm he rum verteilt sind (vgl. 
Figur). Die maximal rnogliche Anzar,I der den Teilner,-

30 mern zugeordne1en Kana.le is1 durch die Kanalraste
rung, den zulassigen spektralen Abstand und die kanal
individuelle Da1enrate bestirnrnt. 

In der Zentralstation konnen die von den Teilneh
mern getorderten Kanalbandbreiten registriert werden, 

35 damit fur jeden Teilnehrner eine von der Ubertragur1gs
bandbreite abhangige TarifierunrJ moglich ist. 

Modulatoren und Demodulatoren konnen auch fur 
vmsct1ied0ne Modulationsarten (z.B. n •· PSK, n - QPS1< 
mit 11 = 1 ... 8 oder M - QAM mit M = 4 .. 256) ausgelegt 

40 werden, so dar3 Datenubertragungen mit teilnei;rnerin
dlvidu,311 untmsc:hiedlich€rn MocJulationen rn6fjlich sind. 

Um en1fernungsabhangige Empfangspegeiunter
schiede ausgleichen zu konnen, ist in der Zentrals1ation 
eine entsprechende Verstarkungsregeiung fur die Sen-

45 designale vorgesehen 

Patentanspri.iche 

Mehrpunkt Richt1unksystem kann seine Ubertragungs- so 1. Richttunksystern llir Punkt-zu-Mehrpunkt Verbin-
bandbreitenkapazitat an verschiedene von den einzel
nen Teiinehmern geiorderte Datenubertragungsraten 
anpassen. Darn it stellt ein solches System ein trequenz
okonornisches, arn Bedarf der einzelnen Teilnehrner ori-
entiertes Obertragungsrnedium dar. 55 

Anhand eines In der Zeichnung dargostellten /\us
iuhrun;isbe1spieis wird nun die EriinduniJ naher erliiu-
tert. 

2 

dungen, bei dern die fur die Kornrnunikation zwi
schen einer Zentralstation und mehreren Teilneh
mern zur \le1iDgung stehenden Frequenzkanale 
bedarisweise zuteilbar sind, dadurch gekerrnzeicr1-
ne1, daf3 die Bandbreite der einzelnen Frequenzka
nale (1 ... 5) auf die von den einzelnen Teilnehmern 
jeweils geforderte Datenubertragun;israte einstell
bar ist. 
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2. Richtfunksystem nach Anspruch ·1, dadurch ge
kennzeichnet, daB die Verstiirkung der Sendesi
gnaie regelbar ist, so daB entfernungsabhangige 
Unterschiede der Empfangssignaipegel ausgegli
chen werden konnen. 

3. Richtfunksystem nach Anspruch 1, dadurch ge
kennzeichnet, daB Modulatoren und Dmnoduiato-
ren auf verschiedene Moduiationsar1en einstellbar 
sind. 

5 

10 

caracterise en ce que 
l'arnpiification des signaux d'ernission est reglable 
pour permettre de compenser des dilferences de rn
veau de signal de reception dependant de i'eloigne
ment. 

3. Systeme de radiodiffusion par faisceau dirige seion 
la revendication 1, 
caracterise en ce que 
les moduiateurs et demodulateurs peuvent etre re
gl{,s sur differents types de modulation. 

4. Systems cJe radiodiffusion par faisc:Gau diri;~{; seion 
la revendication ·;, 

4. Richtfunksystem nach Ansprucl1 1, dadurch ge
lwnnzeid;net, d,iB diE, Z€mtrals1ation fur ,fa, einzel
nen Teiinehmer eine von der Ubertragungsband
breite abhangige Tarifierung vomimmt ·15 caracterise en ce que 

Claims 

1. Microwave system for point-to-mui1ipoint links, in 20 

which the frequency channels which are available 
for communication between a central station and a 
plurality of subscribers can be assigned according 
to requirements, characterized in that 1he band
width of the individual frequency channels (1 ... 5) 25 

can be adjusted to tho data transmission rate re
spectively required by the individual subscribers. 

2. Microwave system according to Claim 1, cr1aracter-
ized in 1ha1 the arnplification of 1he transmission sirJ- 30 

nals can be regulated, so that distance-dependent 
differences in the reception signal levels can bo 
cornpensated. 

3. Microwave system according to Claim 1, cr1aracter- 35 

ized in that modu!ators and den1odula1ors can be 

adJusted 10 different types of modulation. 

4. Microwave system according to Claim 1, character-
ized in that the centrai station performs tanfl meter- 40 

infJ for thEl individual subscribers as ,l Junction of thEl 
transmission bandwidth. 

Revendications 45 

1. Systeme de radiodiffusion par faisceau dirige entre 
un point et piusieurs prnnts, selon lequei les canaux 
de ir0quenco dispornbles pour la communication 
entre une station centrale et plusieurs abonnes so 
pouvont &1re attribu0s a la domande, 
caracterise en co que 
la largeur de bande des differents canaux de fre
quence (1 ... 5) so regle sur le d0bit do donnees do 
transmission demande par chacun des abonnes. 55 

2" Systeirne do radiodiffusion par faisceau diri;i0 selon 
la revendication 1, 

3 

la s1at!on rnntrai(l r{,aiiSE, uno tariiication d0p,mdant 
de ia largeur de la bands de transmission de cha
que abonne. 
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Description 

[00011 The present invention relates to a digital signal cJetecl:ing mett1od whid1 permits t!1e reception of signals mod
ulated by different modulation schemes and send signals of various symbol transmission rates and a detector therefor. 

5 [00021 To realize future multimedia communications, there is a demand tor techniques of transmitting data, speech 
and images over tt1e same digital radio channel. One possible means for effec1ively trnnsmitting data, speecl1 and 
images by digital radio communication is to use symbol transmission rates and modulationidemodulat1on scl1emes 
optimum fo;· the objects to be transmitted. In the field of mobiie communication, for instance, il is to be wished t~1at ti1e 
base station offer a service of providing still pictures of television, data bank or the like, whereas the n1obiie station be 

rn capabie of receiving such still pictures from the base station by simple operation with simple equipment as well as 
conducting usuai voice communications. in t~1is instance, a QPSK modulation scheme is usually employed for the voice 
communication but a QAM or similar multilevel modulation scheme is needed for the transmission of still pictures 
because of ll,e necessity for transmitl!ng a larger amount of information ti,an that required fo1·the voice communication. 
This requimrnernl could b,, met by providing indeperndenl: trans;,1itlers and mce;ivers each corresponding to a par1icuiar 

15 modulation/demoduiation scheme as shown in Fig. 4A. in which the transmtting station is provided with a transmitter 
group 10 consisting of, for example, QAM, PSK and FSK modulating transmitters 11, 12 and 13 and the receiving 
st,il:ion is provid,,d with a rnci,ivHr group 20 consisting of QAM, PSK and FSK receiive,rs. Anothe,r met11od is common 
to the above in !he provision of the independent transmtters 11, 12 and 13 at the transmitting side but differs therefrom 
in t!1at Hie receiving station is equipped witt1 a single; receiver 21 with QAM, PSK and FSK detec1ors 22, 23 and 24 

20 built therein as shown in Fig. 1 B. One possibie method for providing a plurality of detHctors in the same radio as shown 
in Fig. 1 Bis to buiid therein independent detectors each designed specifically for one modulationldernoduiation scheme. 
[0003] At present, mobile communication services are allocated 800 and 1500 MHz bands bu1 cannot be switci1ed 
back and forth betweHn them. if the bands can be switched by a simple opmation with a simplEl structure, however, 
cochannel interference can be reduced by using the 800 MHz band outdoors and the 1500 MHz band indoors and in 

25 closed spaces through utilization of a property that the linearity of electric waves in the 1500 MHz band is higher than 
in the 800 MHz band. 
[00041 Tf1e device configuration depicted in Fi,J. 1 B ~1as a plurnlity of independent detectors buiil--in, and hence it is 
inevi1ably bulky and complex. Furthermore, in the digital radio communication for transmitting data. speech and images, 
it is hard to instantaneously switch tl1e independent detectors by dynamicaily changing t1-1e dernoduiating scheme and 

30 the carrier frequency. The receiver21 quadrature--demodulales the received signal, for which it is necessary lo generate 
a local oscillation signal synchronized with the carrier of the input received signal. In 1his instance, if the carrierfrequency 
of t1-1e received signai vanes from f1 to f2, f3 , and f4 with the lapse ot time as shown in Fig. 2A. the frequency of the 
local oscillation signal also needs to vary correspondingly. To meet ti1is requirement, it is general practice in ti1e prior 
art to employ such a method as shown in Fig. 2B, in which the oscillation frequency of a PLL. local oscillator 25 is 

ab switched by switching means 17 to f1, f2 , f3 and t4 one after another as indicated by locai osciilators 251, 252 , 253 and 
254, then the output from the svvilched local oscillator and ti1e input modulated signal are multiplied by an multipiier 18 
and the multiplied output is applied to a filter 19 to obtain a base band signal. The frequency switching speed in the 
F'LL local oscillator 25 is several milliseconds at the highest even by the use of a digital ioop preset type frequency 
synthesizer. With such a low response speed, it is impossible to fully respond to tt1e frequency switching during corn-

40 munication, 
[0005] For example, when tile symboi transmission rate ot the received signal varies from B1 to B2 , 83, and B4 with 
tt1e lapse of time as s!1own in Fig. 2C, i1 is conven1ional that filters 261, 262, 263 and 264 for filtering the output frorn 
a quadrature demodulator are switched one after another by switching means 27 and 28 in response to the variation 
in the transmission rate of the received signal as depicted in Fig. 20. Since 1he filters are formed by hardware, the filler 

45 switching speed cannot be increased because of transient characteristics of the filters. 
[00061 US-A-5,259,000 discloses a modulator-demodulator constructed of digitai circuits that is intended to provide 
a simple, economical modulator-demodulator apparatus, wherein tvvo MODEMs are provided for G3 facsirniie and 
G2iG1 facsimile which are selectiveiy used by controlling a switch in accordance with the received signal. The functions 
of the respective facsimile modes are impiemenled by a digital signal processor, but it is assumed that different algo .. 

50 rithms are used for different facsimile modes and the characteristics of each function that implements a corresponding 

facsimile mode are not changed. The document also shows the use of interpolation; however, the mterpoiation is 
performed to increase Signal--to--Noise Power Ratio to thereby avoid degradation in detection when the eye--patlern is 
closed by change in transmission rate or increase the in number of values of multi-value modulation (M-ary modulation 
scheme) 

55 [0007] Tf1e cJocument Fines Pet al: "Fully Digital fvl-ary PSK and M-ary QAM demodulators for iand mobile satellite 
communications'' Electronics and Communication Engineering Journal, Vo!.3, No. 6, 1December1991, pages 291-298, 
XP000277949 discloses the use of an adaptive filter, and sets of coefficients ot the adaptive fiiter are predetermined 
and stored in a memory. Tt1e document also leaches U1e use of interpola1ion, but 1he purpose is tt,e sarrn, as t!1at in 

2 
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US-.&.-5,259,000. 

[0008] US-A-3,497,625 relates to digital modulation and demodulation, wherein a desired one of plural types of 
modulation scheme (and dernodulation scherne) is selectively opernteci. 
[0009] Tr,e document D4 SAMUEL! H ET AL: "VLSI architectures for a high-speed tunabie digitai modulator!demod-

5 uiatolibandpass filter chip set", ·J 992 IEEE INTERNATIONAL SYMPOSIUM ON CIRCUITS AND SYSTEMS (CA!: No. 
92Cf-J.'3139-3), SAN OiEGO, CA, USA, 10--1.'3 MAY 1992, ISBN 0-7803--0593--0, 1992, NEW YORK, NY. USA, pages 
1065-·J 068 vo/.3, XP002069780 relates to an all-digital multi rate modulator/demodulator of a 3-chip set, wherein in the 
first chip a double--sideband IF signal is subjected to a Hilbert transform to obtain a complex single--sideband signal, 
in the second chip the single-sideband signal is quadrature-demodulated to produce a baseband signal and in the third 

rn chip the baseband signal 1s decimated to effect lowpass-filtering of a selected bandwidth. The document 04 does not 
teach the use of interpolation and decimation for en~1ancin9 tirne--resolution of quadrature-demodulation. 
[001()] It is therefore an object of the present invention to provide a digital signal detecting method and a detector 
tl1eretor which enable digital communication equipment having a plurality of detecting means built-in to be used in 
co1,1mon to pluralities of modula1ionidHrnodulation sct1emes, local oscillation frequencie,s and symbol transmission 

15 rates. 

[00111 Another object of the present invention is to provide a digital signal detecting method and a detector therefor 
wt;ich am capable; of rnsponding fas1 to tt1e swil:c:t1ing of tt;;, modulation sct1emes and a c:tiange, in the, symbol trans
mission rate. 

20 SUMMARY OF THE INVEi'ffiON 

[0012] The;se objec1s are achieved by a meti10d as cl,iimed in claim 1 and a cietedm as claimed in Glairn 20. Preferrnd 
embodiments of the invention are subje,ot-matter of the dpendent clrnms. 
[00131 A feature of the present invention is to obtain a base band signal by subjecting an AD converted received 

25 signal lo digital signal proce;ssing irnpie;me;nled by soflvvare. 
[00141 The digital signal detecting method according to the present invention comprises: a quadrature-demodulating 
step of per-forming a quadrature-dernodulatir1g operation of an AD converted received modulated signal; a filtering step 
of performing a filtering opera1ion of the quadrature-demodulated signal to obtain a base band signal; and a control 
step of changing at least one process variable in at least one of tl1e quadrature-demodulating step and the filtenng 

30 step in response to a request for· diangir;g the process variable. 
[0015] The quadrature--demodulal:ing step rnmprises: an interpolaling step of perforrning an n--poinl interpolation of 
tl1e input modulated digital signal to interpolate therein samples at n points (n being a real number equal to or greater 
than i ); a multiplying step of cornplex--multiplying the interpolation result by a iocal oscillation signal; and a decimating 
step of performing an n-point decimation of the multiplication result to decimate therefrom samples at n points The 

ab process variables that can be changed in the quadrature demodulation step are the frequency, amplitude and phase 
of the local oscillation signal and ti1e value of the above-mentioned n. 
[0016] The filtering step comprises a smoothing step of smoothing the result of the quadrature-den1oduiating oper
ation to reduce the number of samples; and a digital filtering step of pe1forming a band-limiting operation of the result 
of tt;e smoott1ing operation. Tiie process variables in Uie band-limiting s1ep are the number of smoott1ing points and 

40 the characteristic of the digital filter used. 

45 

[0017] Further, the input rnoduiated signal is gain contrniled by an automatic gain controller for input into an AD 
converter as a signal of a predeterrnined levei range. 
[00181 The above-mentioned various processes are performed by a microprocessor which decodes and executes 
programs. 

BRIEF DESCRIFYrlON OF THE DRAWINGS 

[0019] 

so Fig, 1A is a block diagram scht1matically shovving an example of a digita! n1obi!e radio communication system 

employing a piurality of different modulationidemodulation schemes; 
Fig. 1 B is a block diagram schematically showing an example of a digital mobile radio communication system 
employing a receiver which contains a plurality of detectors each corresponding to one of the modulationidemod
ulation schemes in Fig. 1A; 

55 Fig. 2A is a grnpt; st;owing varia1ions in th,, carrier frnquency of a received signal with the lapse of tirne; 
Fig. 2B is a diagram showing a conventional method for changing the locai oscillation frequency of a detector in 
response to the variations in the carrier frequency shown in r:ig. 2A; 
Fig. 2C is a graph si10wing variations in tt,e symboi transmission rate of U1e received signal wi1h tiie lapse of l:irne; 

3 
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Fig. 2D is a diagram showing a conventional method for switching band-!imiting filters of a detector in response 
to the variations in the symbol transmission rate shovvn in Fig. 2C; 
Fig. 3 is a block diagram i!!ustrating the functional GOnfiguration of tiie detector accorciing to U1e present invention; 
Fig. 4A is a b!ock diagram illustrating a concrete examp!e of the functional construction of quadrature ciemodulating 

5 means 33 in Fig. 3; 
Fig. 4B is a flowchart st1owing an example of a prncedure for automatic synct1ronization of the local oscillation 

signal witl1 the input received signal; 
Fig. 5A is a diagram explanatory of r1--point interpolation processing by an FFT tedrnique; 
Fig. 5B is a diagram explanatory of a method for performing then-point interpolation processing by an interpolation 

rn algorithm using an m-order function; 
Fig. 5C is a diagram explanatory of a mett1od for performing the n--point interpolation processing by a mett1od of 
estimating samples to be interpolated by an interpolation algorithm; 
Fig. GA is a diagram explanatory of n-point decimation processing by a simple decimation meti1od; 
Fig. 6B is a diagram explanatory of n-point dHcimation processing by a vv<ligt1te;d substitution ,rn,thod; 

15 Fig. 7 is a block diagram illustrating a concrete example of the functiona! configuration of filter means 43 in F!g. 3; 
Fig. SA is a diagram explanatory of smootl1ing processing by a simple extraction metl1od; 
Fig. 8B is a block diagram st,owing an eixarnple of Hie functional configuration for· anothe,r smoott1ing scr;em1e; 
Fig. 8C is a d!agram for explaining the operation of the Fig. 88 configuration; 
Fig. 9A througr1 9H are diagrams showing tt1e states of signals occurring at respective parts of tt1e digital detector 

20 according to the present invention; 
Fig. 1 0A is a block diagram illustrating an example of the functional configuration for switching the oscillation 
frequency in the quadrature demodulating means 33 in Fig. 3; 
Fig. 1 OB is a b!ock diagram showing an exam pl El of the functionai configurat!on for switching the local oscillation 
frequency in the filter means 34 in Fig. 3; 

25 Fig. 11 is a block diagram illustraling an example of the functional configuration for carrying out tr1is invention 

rnelhod; 
Fig. 12 is a flowchart st1owing an example of the p;·ocedure of the detecting metr1od according lo the present 
invHnlion: 
Fig. 13 is a flowchart showing an example of the digital detecting procedure; 

30 Fig. 14 is a diagram showing an example of the frame structure of the received signal; 
Fig. 15 is a block diagram illustraling an example of the functional configuration in which a microprocessor for use 

in the present invention is utilized for otl1er processing; 
Fig. 16 is a block diagram illustrating the functional configuration of a transceiver embodying the present invention; 
Fig. 17A is a tablH showing, by way of example, stored contents of a process variable storage part; 

"" Fig. 17B is a table showing, by way of example, some of other stored contents of the process variable storage 
part; and 

40 

Fig. 17C is a table showing. by way of example, stored contents in other areas of the storagH part of Fig 17B. 

DESCRIPTION OF THE PREFERRED EMBODIMENT 

[0020] r.:;eferring now to Fig. 3, an embodiment of the present invention will be described below. An analog signal 
received at an input terminal 30 is provided via a band pass filte,;· (not shown) to an automatic ga!n controller 31 wt1ich 

controls, with its amplification gain, the received signal so that its amplitude varies within a fixed range. The output 
analog signal from the autornatic gain controiler 31 is converted by an AD converter 32 to a digital signai. The received 

45 signa! thus converted into digita! form is subjHcted to demodulating operation by quadrature demodulating means 33 
and is spectrum shaped by filtering operation by digital filter means 34, from which a demodulated digital base band 
signal is p;·ovided at an output terminal 40. The base band signal is provided to decision means 39. wherein its in
phase component and quadrature component are each decided in tmms of the symbol period, and based on these 
decision results, it is determined which signal point on the IQ--diagram tl1e base band signal corresponds to. For ex--

50 amp!e, in the case of a QPSK signal, it is decided vvhether its in-phase compont1nt and quadrature compone-:nt are +1 
or -1, and based on the decision results, it is determined which of four signal points on the IQ-diagram the baseband 
signai corresponds to. 
[00211 In Fig. 3, the arithmHtic processing for th., digital signal by th., quadrature demodulating means 33 and th., 
digital filter means '.34 is implemented by software whicl1 uses the sampling frequency, the symbol transmission rate, 

55 tt1e modulalion sct1eme and tt1e local oscillation frequency as arguments (variables), Control rrn,ans 35 r1as software 
for controiling the automatic gain controller 34, the quadrature dernoduiating means 33 and the digital filler means 34. 
The control means 35 controls the automatic gain controller 3: to vary its amplification gain to lirnit the amplitude 
vmiation of t!1e base bancJ s!gnal to a fixed range. The control means 35 controls arguments set in the quadrature 
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demodulating means 33 and the digital fiiter means 34 in response to ohanges in the sampling frequency, the symbol 
transmission rate and the modulation scheme of the digitized modulated signal and the local oscillation frequency, A 
keyboard or similar set!input means 36 is connected to ti1e GOntrol rneans 35, Tt1e set/input means 36 has pluralities 
of keys indicating several sampling frequencies, several symbol transmission rates and several local oscillation fre-

5 quencies, respectively, and a desired parameter is input by pressing the corresponding one of the keys indicating 
several pmamelers of each category. Alterrialively, ti1e inpul means 36 is provided wilh keys each indicaling the s,im

pling frequency, the symbol transmission rate and the local oscillation frequency and has a construction in which a 
desired parameter can be input by pressing the corresponding key and its numerical value can be set and input by 
manipulating ten keys. Further, the setlinput means 36 has a plurality of keys respectively indicating modulation 

rn schemes so that the modulation scheme ot the received signal can be input. 
[0022] As described above, t~1e digital signal processing by the quadrature demodulating means 33 and the digital 
filter means 34, which uses the sampling frequency, the symbol transmission rate, lhe modulation scheme and the 
iocai oscillation frequency as variables, can be implemented by software. By controlling the gain of ti1e automatic gain 
controlle,r 31 and thEl variablEis with l:t;e, software of l:hEl control rrn,ans 35, it is possiblEl to construct a digilal signal 

15 detector which performs an operation corresponding to a parameter specified in one of the groups of modulation 

schemHs, iocai oscillation frequenciHs and symbol transmission rates. 
[0023] Fig. 4A st10ws a prefemed configuration of the, quadrature dernoduiating means 33 in Fig. 3. The, outpul digital 
signai from the A.D converter 32 is subjected to an n-point inte1·polation by n-point interpolation means 41 1 and 41 0 , 

whereby samples are inlerpolated in the digital signal al n points on the lime base. Ti1e interpolated signals are fed to 
20 multiplying means 421 and 420 , wherein they are muitipliEid by 90"-out-of-phase signals fu(k) and fLo(k)from local 

oscillation means 45. The outputs from the multiplying means 421 and 420 are subjected to an n-point decimation by 
n .. poin1 dEicimation means 431 and 430 , whereby samples are decimatEid from tr1e multiplied outputs at n points on the 
time base. By this decimation processing, the samples interpolated by then-point interpolation means 41 1 and 41 0 are 
decimated from the multiplied outputs, 'Nhereby the in-phase and quadrature components of the demodulated signal 

25 from the quadrature demodulation means 33 can be oblained. The time resoiution for the multiplication processing 
can be scaled up by the n-pOint interpolation means 41 1 and 41 0 . The scaied-up time resolution permits the establish
ment of synchronization between the digitized modulated signals and the local oscillation signals with r1igh accuracy, 
and the time resolution of the multiplied outputs is scaled down by then-point decimation means 43i and 430 , lessening 
tl1e load of subsequent digitai signal processing. The multiplying means 421 and 420 constitute a complex multiplying 

30 means 42. 

40 

45 

50 

55 

[0024] A description wili be given of the arithmetic operation by the quadrature demodulating means 33. The input 
analog signal (an IF signal) y(t) to the AD converter 32 can be expressed by the foliowing equation 

y(t) "'A(t)cos{cot+cp(t)} (1) 

where tis time.mis 2:rrf (where f is the carrier frequency), A(t) is the envelope and ql(t) is the phase. The analog signal 
y(t) iS sampled by the AO converter 32 every sampling tirne T

8 
and eacl1 sample value is converted to a digital signal. 

Letting m denote an integer, the time t and tl1e sampling time T8 bear the foliowing relationship. 

t"' rnT 8 (2) 

The digital signal y8 (mT 5 ) converted from tr1e analog signal y(l) can be expressEid as foilows: 

(3) 

where As(mT5 ) is a sampied value of the envelope at time mT5 and !/ls(mT5 ) is a sampied phase value of the phase '-P 
(t) at time rnT s· 

[00251 Normalizing the time in Eq. (3) witl1 the sampiing time T8 gives 

(4) 

[0026] f\Jext, the time sequence of digitai signals given by Eq. (4) is subjected to a11 n-point intEirpolatio11 operation 
to insert therein samples at n points, tl1ereby interpolating the digitized received signals. Tl1e n-point interpolation result 
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Yu is given as follows: 

(5) 

(6) 

This interpolation value is calculated by the interpolation algorithm described later on, As the result of this, the amount 

of data of the interpolation result Yu(k) on the time base becomes n limes larger than the amount of data of the digital
signal lime sequence Ys(m). 

[00271 The local oscillation means 45 outputs the local oscillation signal fdk) synchronized with an angular velocity co. 

(7) 

where BL Is the amplitude of the local oscillation signal fL(k) and exp(•) is an exponential function, fL(k) being a complex 
number. The digital multiplying means 42 multiplies the n-point interpolation result y

0
(k) by the local oscillation signal 

f L(k). 

(8) 

[0028] Tt;e mu!tiplica1ion resu!1 Zu(k) is tt1e output from tt1e multiplying means 42, wt1icr1 is a complex number. Tt1e 

muitiplication resu!t zu(k) is subjected to an n-point decimation operation by n-point decimation means 43 to decimate 
samples in the time sequence eve1·y n points. The decimation 1·esult z,; is as follows: 

(9) 

("10) 

( 11) 

(12) 

The number of samples of the interpolation result Zu on the time base becomes n/1 the number of samples of the 
mu!tiplication result Zu(k), fi.s long as then-point interpolation means 41 and then-point decimation means 43 are used, 

the zip) sampling interval in the AD converter 32 always equals the sampling time T8 . 

[0029] At the start of demodulation processing, !he local oscillation signal fjm'T
5

) from 1he local oscillation means 

45 45 is synchronized with the received signal, i.e. the input signa! Ys1mT3 ) to the quadrature demodulation means 33 for 
accurnte synci1ronous detection processing in order that the operation result by tl;e quadrature demoduiation means 
33 niay be processed as a denioduiation result by the filter nieans 34,. This synchronization processing is carried out 

following the prncedure shown 1n Fig, 48, for instance. In tl;e first place, the output which is obtained from each of the 
n .. point interpolation means 41 1 and 41 0 wi1en n is set to zero, tl;al is, tl;e uninterpoiated digital signal y5 (mT5 ), is 

50 n1uitiplied by the local osciilation signal\ (m'T sl (81) 

(13) 

55 
(14) 

6 

DEF0000280 
IPR2020-00033 Page 01659



5 

10 

15 

20 

25 

30 

40 

45 

50 

55 

EP O 774 850 81 

+cos(2:n:(frn+fm')T
5 
+qfl)] (15) 

I\ 

This zs(m) is subjected to !cw-pass filter!ng to extract a difference frequency component z5 (rn) which is given by the 
following equation. 

A 

Z
5
(m)::: (1/2)A

8
(m)BL cos[2rr(fm-f'm')T

8 
+(-)] (

016) 

Normalizing the amplitude and the initial phase in Eq ( 16) gives 

z'
5
(m) = cos(fm-f'm') (17) 

2:n:f=co and 2nf'=rn'. The zs'(rn) by Eq. (H) is called an evaluation function, and the local oscillation frequencyf' is so 
controlled as to maximize the evaluation function zs'(m). That is, a check is made to see if the evaluation function has 
become maximum (S3), and if not, ti1e frequencyf' of the local oscillation signal fdm'Ts) is adjusted so tiiat the evaluation 
function zs'(rn) becomes maximum, followed by a return to step s·1 (S4). When the evaluation function z8 '(m) becomes 
maximum, the input signals y5 (mT 5 ) and the local oscillation signai f1_ (m'T5 ) are subjected to n-point interpolation 
processing (S5), and 1he resulting interpolated signals yu(kA) and fjk'l,) (where nA=Ts) are multiplied (S6). The mul-· 
tiplication resuit is subjected to low-pass filter processing to obtain the difference frequency component (S7). A check 
is rnade to see if an evaluation function z5 '(k)cccos(fk-fk') simiiar to that in step S3 is maximum (S8), and if not, it is 
determined whether the interpolation number n needs to be changed (89); if not. the k' ir, the iocai osciiiation signal fl 
(k'~) is so adjusted as to maximize the evaiuation function z

8
'(k), foilowed by a return to step S6 (S10). A check 1s 

made lo see whether the inte;·polation number n needs to be cr1anged, that is, whether the evaiuation function z
5
'(k) 

is largerthan a threshold value. if the evaluation function z
8
'(k) is larger than the threshold value and wili hardly change 

even if the interpolation number n is increased, the interpolation number n is increased by 1 or so, followed by a return 
to ste;p S5 (Si 1 ). \Nhe:n !he; e,valuation value zs'(k) is maximum, it is de,cide,d 1ha1 the, rec:e,ive;d signal and tr1e local 
oscillation signai are synchronized with each other, and synchronization control comes to an end. 
[00301 When the evaluation function z/(k) hardly increases even if the interpolation number n is increased, the in
terpoiation number n of the smaller value is used in the subsequent processing, tl1at is, the evaluation function z

5
'(k) 

is made maximum and the interpolation number n minimum for synchronization with high accuracy and for minimum 
computational compiexily. in the above, since the adjustable minimum value of the local osciiiation signal z5(k'A) in 
step S10 is 1<'"'1, i.e. the, sample intmval 1:\ after interpolation, the; accuracy of synchronization of 1he, local oscillation 
signal ft(m'T,,) with the input signal y5 (mT,,) inc1·eases with an increase in the interpolation number n. Incidentally, low
pass filter means 101 in Fig. 4A is means tor carrying out the processing of steps S2 and S7 in F'lg. 4B. 
[00311 Ne,xt, a de:scription will be, given of a concret;, in1erpolation proce;ssing rneti10d for the inte,rpolation meians 
41 1 and 41 0 . As shown in Fig. 5A, the time sequence signal y3 (m) of the sampling period T 8 is transformed by fast
FoL;;-ier·--transforrn (FFT) processing in1o a frequency domain signai y(f) for each period Ta, and a zero point is inserted 
into the signal y(f) on the frequency axis to obtain a signai y'(f), which is transformed by inverse fast-Fourier-transform 
(iFFT) processing into a time sequence signal Yu(k) which has an increased number of sampies per time Ta. This 
interpolation method by FFT ensures high reliability of signals interpoiated when the number of interpol,i1ed samples 
is large. This method is described in. for example, Toshinori Yoshilmwa et al., "Numerical Calculation in Engineering," 
pp. 183, t'-Jihon Rikoh Kai, 1984. 
[0032] Another method is shown in Fig. 5B, in which san1pie values which are determined by a iinear function at+b 
or quadratic function at2+bt+c are interpolated between adjacent actual sample vaiues of the time sequence signal Ys 
(m) for each period Ta as indicated by the broken iine to obtain the time sequence signal Yu(k) which l1as an increased 
number of samples per time Ta Such a method of interpolating samples estimated by a linear rn-order function is 
simple and easy. With this method, the computationai compiex1ty is low and reliability is relativeiy high when the number 
of interpolated samples is small. 
[0033] It is also possible to use such a method as shown in Fig. 5C, in which a previous samples of the time sequence 
signai Yu(k) derived by interpoiation from tl1e time sequence signal y5 (m) are used to estimate, by an adaptive algorithm, 
the; sample,s to be interpolate,d next and U1e eistimated sarnple,s ar-e intmpoiated into ttH, next 1irn;, se,quence signal Ys 
(m) to obtain the time sequence signal y,,(k). The adaptive algorithm for the estimation of sarnpies needs only to have 
been optimized for or with respect to Gaussian noise; a Kalman Filter algoritl1m, least means squares algorithm, re-

7 

DEF0000281 
IPR2020-00033 Page 01660



EP O 774 850 81 

cursive !east square algorithm, Newton method, or steepest descent method can be used. With this method. it is 
possible to interpolate samples into the time sequence signal while compensating for the degradation of the signal by 

the transmission line 1o some extent. 
[0034] Next, a concrete example of the decimation processing method by the decimation means 431 and 43Q in Fig. 

5 4A will be described. For example, as shown in Fig. 6A, samples of the same number as those inte1·polated by each 

of the interpola1ing means 41 1 and 47 0 are simply decimated from the time sequence signal zu(k) for each period Ta 

to obtain a time sequence signal zd(p) ·,vl-dch has a decreased number of samples per time Ta. The processing by this 
method is very simple and easy. 
[0035] Alternatively, as shown in Fig. 68, an evaluation function is used to perform operation processing of a plura!ity 

Hi Q (three in Fig. 68) of samples in tl1e time sequence signai Zu(k) to obtain one sample, thus decimating samples in 

the time sequence signal zu(k) to obtain the lime sequence signal zd(p). The evaluation function rnay be a function for 
calculating a mean value or centroids of a plurality of samples. With this method, information about the samples to be 

decimated can be reflected by tiie evaluation function on the samples left undecimated. 
[0036] Tf;e digital filte,r rneans 34 in Fig. 3 p,,rforms a filtering operation and a smoothing ope,ration. As shown in Fig. 

15 7, the in-phase and quadrature component outputs from the quadrature demodulating means 33, that is, the outputs 

from then-point decimation means 431 and 43iJ in F-ig. 4A, are smoothed by smoothing means 51 1 and 51 0 , respectively, 
by whic:t1 the nurnb,ir of sarnpies on 1he time base is reduced witt1in U1e range Hiat me;,ts Hie Nyquist sampling ttieorem. 

in other words, a plurality of samples is reduced by the averaging down to one. This enables decimation processing 

on the time base. Based on 1he processing resuits by the smoott1ing means 51; ancJ 51 0 , the orders of filler coefficients 
20 can be lowered by digital filter means 521 and 520 , respectively. The smoothing of samples is expressed by the following 

equation. 

25 

30 

40 

45 

50 

55 

('18) 

where g( •) is a function indicating the smoothing processing, Ps a normaiization vai-iable of the output by the smoothing 

processing and zds a complex signal whid1 is Hie ou1pu1 from the smoothing means 5'1. Ti1e srnoo1hing processing 

averages signals at m points, for example, to reduce the number of samples down to 1/m. The signai Zcis(P 5) is band
limited by the filter means 52. This is expressed by the following equation. 

I\ 

z(p 8 ) = h(zd/P8 )) ('19) 

A A 
where h( •) is a sign a! processing function of the filter means 52, z the filter processing output signai and z(•) a complex 
number. The quadrature demodulating operntion, the smoothing operation and the filtering operation may be carried 

out as a complex operation for each of the in-phase and the quadrature colT!ponent as shown in Figs. 4 and 7; al1er
nat1vely, such a complex operation as indicated by the above equations may directly be conducted. 
[0037] A concrete metiiod for ti1e processing by the smoothing means 51 in Fig. 7 will be described. Fig. 8A sl1ows 

the simpiest method according to which N samples are decimated from the time sequence signai z0(p) frorn the quad
rature demodulating means 33 every N+1 samples to obtain the smoothed time sequence signal zd

5
(Psl• Smoothing 

processing by a linearly weigh1ing scheme is sl1own in Fig. 8B, in wl1ich the time sequence signal zd
5
(p) is fed directly 

to muitiplying means M0 (Fig. SC) and, at the same time, it is applied to delay means 0 1, .. , DL, from which signals 
delayed by sampling periods Ts• 2T 5 , ... , lt5 of the time sequence signal zd(p), respectively, are provided to multiplying 

means f\/1 1 , . ,, ML. Tiie inputs into l:t,e multiplying means M0 , M1, ... , ML are mul1iplied by weigt11s f0 , f1, .. , fL, respec
tively, then the multiplication resui!s are added together by adder means Su, and the addition result is output therefrom 
as the time sequence signal zd5 (p5 ) smoothed every L +1 samples. That is, the signal zd5 (p) is assigned the weights 
f0, ... , fL eve;y l. samples, th,rn added toge1her to form one sampie of U;e smoott1ecl signal zd

8
(p

8
). 

When Lcc3, four samples zd(p .. s) to z0(p) are linearly weighted and output as one sample zds(Ps) as shown in Fig. 8C. 

[0038] To perform the smoothing processing by the adaptive filtering scheme, the weigr,ting coefficients f0 , .... fl are 
changed by adaptive algorithm processing means 50 through the use of an adaptive algoritl1m so as to optimize the 
decision result from ihe received daia decision means as indicated by the broken lines in Fig. 8C. The weighting 

coefficients are determined first, for example. in a pilot signal (training signai) period in which received data is already 

known. The adaptive algorithm for use in this case may be a Kalman Filter algoritl1m or those derived therefrom. 
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[0039] Next, a description will be given, with reference to Fig 9, of a specific operative example of a method for 
detecting signais of different modulation schemes according to the present invention. A received analog signal shown 
in Fig. 9f\, wi1ose arnpiitude component is iirnited to a certain range by the automatic gain controller 31 (Fig. 3\ is 
converted by the AD converter 32 to a digital signal shown in Fig. 9B. The local osciilation means 45. placed under 

5 software control, generates local oscillation signals of in-phase and quadrature components depicted in Figs. 9C and 
D. Tt1e digital signal of Fig. 96 and the local oscillation signals of Figs. 9C and Dare multiplied by Hie multiplying means 

421 and 420 , respectively .. As a result, the in-phase and the quadrature component of the output from the quadrature 
demodulation means 33 become such as depicled in Figs. 9E and 9F. The thus multiplied in-phase and quadrature 
components are spectrum shaped by the independent digital filter means 34 plBced under software controi. in conse-

Hi quence, the spectrum-shaped baseband signai has sucl1 in-phase and quadrature components as shown in Figs. 9G 
and 9H. in tr1is way, even if the modulation scheme or mode of the send signal changes from QPSK to 16QAM and 
BPSK one after another at time intervais as short BS 4 milliseconds during transmission, the signal can accurately be 

reproduced by the digital signal detector of tl1e present invention. This modulated signal is transmitted and received 
at ratHs of 2 bits by QPSK, 4 bi1s by 16QAM and 7 bit by BPSK pe,r symbol. Thus, the, digitai signal de,1ector of U1e 

15 present invention implements the detection of signals in the variable-bit transmission. in this exampie, it is preknown 
tl1at the QPSK, 1 GQAM and BPSK modulated signals are sequentially received every 4 milliseconds, and tl1e control 
means 35 switc:t1es varlabies for rnspHotivEl means iri synchronization wi1h 1hE, rece,ived signals. 
[00401 To switch the local oscillation frequency in response to the change in the modulation scheme, the control 
means 35 sends a frequency switching command to U1e local oscillation means 45 as shown in Fig. 10A. Tiie local 

20 oscillation means 45 is implemented basically by software, and for the designated frequency f, an operation fuBL exp 
(j2rrfmT 5) is performed. In the case of switching the frequency as shown in F!g. 2A, the control means 35 instructs the 
!ocai oscillation means 45 to switch the oscillation frequency iri order f1.:frf3'-f4 . This instruction is executed in an in
struction execution cycle of a microprocessor which executes software in principle. Hence, the local oscillation fre
quency can be switched fast in as short a time as several nanoseconds. As will be seen from the above, according to 

25 the present invention, the frequency of the local oscillation meBns 45 can be switched faster thBn in the past and the 
frequency switcl1ing during communication can be fuiiy dealt with, besides the invention is also applicable to fast fre
quency hopping for dynamic switching of the carrier· freque11cy. 
[00411 In response to a chBnge in the syn1boi transmission rate, too, the present invention similarly changes the 
characteristic of t11e filter· means 34 through a program of software; the instruction to change the transmission rate is 

30 provided by tr1e control means 35. Thai is, lrre filter means 34 and the control means 35 implement digital signal 
processing by software For example. when the transmission rate vBries as shown in Fig. 2C, the symbol transmission 
rates B1, B2, 83 and B4 are sequentially indicated from the control means 35 to the filter means 34 as depicted m Fig. 
·1 OB. Accordingly, the transmission rate is varied in an instruction execution cycle of a microprocessor wl1ich executes 
software in principle Thus, according to the present invention, the characteristic of the filter means 34 can be changed 

ab by t11e control means 35 at high speed. The characteristic control of the filter means 34 is effected according to the 
modulation mode of the received signal as well. For example, when the modulation mode cl1anges as shov;n in Fig. 
9G, the roil-off of the filter characteristic is changed to 0.5 for QPSK, 0.3 for 16QAM and O.~) for BPSK. 
[00421 As described above, various processes involved in the present invention are performed by softvvare opera
tions. Tt1at is, as st1owr1 in Fig. 11, a microprocessor 37 in the oon1rol means 35 decodes and executes a program 38 

40 in the controi means 35 to control the automatic gain controller 31, the quadrature demodulation means 33 and the 
digital filter means 34. The automatic gain controiler 31 is controlled as follows. The output level of the automatic gain 
controller 31 is detected by a level cJetector (not shown\ the deteoted leve! is conver1ed to a cJigital value, whic:t1 is 
compared with a reference value in the microprocessor 37, and the amplification gain is controiled step by step to bring 
the output of the automalic gairi controller 31 into a predetermined range of amplitude variations. The control of the 

45 quadrature demodulation means 33 is effected by controlling the local oscillation means 45, the n-point interpolation 
means 41 and the n-point decimation means 43. As regards the local oscillation means 45, the frequency f, phase <p 

and amplitude BL of the local osc:illa1ior, signal are designated by the rnicrnprocessor 37. For the n--point interpolation 
means 41 and the n-point decimation means, the sampling frequency 1/T

8 
and the numbers n of interpolation and 

decimation points are designated. The digital filter means 34 is controlled through the smoothing rneans 51 and the 
50 digita! filter means 52. For the smoothing means 51, tht3 sampling frequency 1iTs, th~1 number of smoothing points and 

tl1e smoothing method are designated. For the digital filter means 52, the sampling frequency 1/T8 , tl1e filter coefficient 
and the number of symbols necessary for filtering are designated. That is, once the carrier frequency of the input 
modu!ated signal of the AD converter 32 is set and input, the minimum value of its sampling frequency 1/T

8 
is auto

maticaliy determined in accordance with the input carrier frequency. For example, when the carrier frequency of the 
55 input rnodu!ated signal is 130 MHz, the minimum vaiue of t!1e sampling frequency of U1e AD oonverter 32 is set a1 260 

MHz. For accurate synchronization with the carrier of the input modulated signal, the !ocal osciliation signal needs to 
be a digitai signal of a sampiing frequency at least four times higher than the can·ier frequency of the input modulated 
signai; 1herefore, the numbers n of interpolation points and decimation points are automatically determined. Wiiern t!1e 
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conversion rate of the AD converter 32 is high, it is aiso possible to sample the input modulated signal above the 
minimum sampling frequency to reduce the number n of samples to be interpolated and decimated correspondingly. 
[00431 Wf;en the frequency of U1e demodulated baseband signal is, for example, 20 KHz, U1e sampling frequency 
necessary for this signal processing may be 40 RHz; since the quadrature demodulation means 33 outputs an unnec-

5 essarily large number of signals, these signals are effectively used to perform processing by the smoothing means 51 
to produce a base band signal as faithful to them as possible and decrease its sampling 'frequency. Ti1e number of 

smoothing points in this case is automatically determined by the set carrier frequency of the input moduiated signal 
and the set symbol transmission rale. As described previously with reference to Figs. 2D and 1 OB, an appropriate filter 
characteristic is needed in accordance with the symbol transmission rate, and hence the filter coefficient and the number 

rn of symbols necessary for filtering are automaticaiiy determined by the set symbol transmission rate. Furtl1er, the tilter 
coefficient is automatically determined, depending on the set modulation mode as mentioned previously. Thus, pro-
grams are prepared so that various parameters (variables) for the filter means 34, the local oscillation rneans 45, the 

interpolation means 41 and tl1e decimation means 43 are automatically designated in accordance witi1 the earner 
frequency; ti1e symbol transmission rat., and t11e, modulation rnoci,, wt1ich arn se,t on th,, basis of ti1e above-rrnrntion<ld 

15 relations. 
[00441 In the present invention, it is possible to employ what is called distributed processing system in wi1ich micro
proc,,ssor arn provicJeci for· tt1e quadrature demodulation rrn,ans 33 and the; digital fiiter rmrnns 34; tries,, rnicroproc:Els
sors supplied with the above-mentioned various parameters (variabies) designated by the microprocessor 37 and use 
them as arguments to execute programs for interpolation, quadrature demodulation and decimation and programs for 

20 smoothing and filter processing, respectively. Of course, such distributed processing system may be substituted with 
a centralized processing system in which the microprocessor 37 itself designates first the parameters for the respective 
means and executes the interpolal:ior1; quadrature demodulation, decimation, smooti1ing anci filtering programs on a 
time-sharing basis, thereby performing virtualiy parallel processing 
[0045] Fig. 12 is a flowchart showing the procedure ot the digital detector. The procedure begins with making a check 

25 to see if a ;·equest is made for a variable change (S1). Such a variable change request is made when a ch,rnge in the 
camertrequency or symbol transmission rate is newly set and input via set/input means 36, or when the time of changing 
the moduiation mode arrives whid1 is preknown as described previously with reference to Fig. 9, o;· when switching 
between the 800 Mhz and 1500 MHz or between audio and still picture information is input via the setiinput n1eans as 
referred to previousiy in the section "BACKGROUND OF THE INVENTION." Fig. ·14 is expianatory of the case where 

30 the received signal is a 3--channei time division multiplex signal. Tr1e frame for each d1annel is composed of a p;·eamble 
7i and data 72 as shown in Fig. 148. The preamble 71 is composed of a synchronization word 73 and a base station 

number 74 togetl1er 'vVith modulation system information 75 such as the modulation scheme of the data used in the 
data frame 72 and the symbol transmission rate as si1own in Fig. 14C. For example, in ti1e case where the modulation 
scheme of the data in the data frame 72 is newiy designated, the variable change request is considered to be rnade 

"" when the data indicatmg the modulation scheme is demodulated. 
[00461 Wl1en such a variable change request is made, tl1e variables to be changed and their values are determined 
to comply with the request (52). For example, when the request is made for changing the variables for quadrature 

demodulation, the newly determined variables such as the nurnber n of interpolation points, the local ca1-riertrequency 
and its amplitude and phase are set as argurrmnts in 1he processor wt1ich executes t!1e quadrature ciemoclulation 

40 program (83). This is followed by the execution of the digitai detection program (S4). 
[00471 Fig. 13 shows the procedure for digital detection. In the first place, the received signal is subjected to automatic 
gain control by Uie automatic gain contrniier 31 in Fig. 11 so tt,at the level of ti10 received signal falls within a precie
termined range (S 1). The thus gain-controlled received signai is converted by the AD converter 32 to a digital signal 

(32), which is subjeo1ed to an n-point interpolation (33); and the thus interpola1ed digital signal is subjected to the 
45 quadrature demodulation operation (S4), The demodulation resuit is subjected ton-point decimation processing (85) 

and then smoothing processing (S6), and the smoothing result is subjected to low-pass filter processi11g (S7). This is 
followed by a signal poinl decision lo decide whioh signal point on the iQ plane corresponds to the result of the low
pass filter processing (S8) 
[00481 As depicted in Fig. 15, the digital detector 53 of the present invention built in a radio, a radio channel controiier 

50 54 and an audio encoding/decoding processor 55 may be placed under the time sharing control of the microprocessor 
37. Control programs 38, 56 and 57 are prepared which are exclusive to the digital detectm 53, tl1e radio cl1annel 
controller 54 and tl1e audio encoding/decoding processor 55, respectively. Tl1e microprocessor 37 switches each of 
the digital detector 53, the radio channel controller 54, the audio encoding/decoding processor 55 and its control pro
gram at proper time intervals on a time sharing basis. Accordingly, a pluraiity of objects of control can be processed 

55 by the single microprocessor 37. incidentally, this radio is a mobile station of a mobile communication system, for 

instance, and the rad lo channel controiier 54 performs switching between controi and communication channels. 
[00491 Fig. 16 illustrates a digital radio communication transceiver which has the digital detector of the present in
vention built-in, tt;e parts corresponding to tl1ose in Fig. 3 being identifieci by the same reference numerals. Tt,e received 
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modulated signal from an antenna 60 is amplified by a low-noise amplifier 61, then converted by frequency converting 
means 62 to an intermediate-frequency (IF) signal, which is band limited by a fiiter 63, thereafter being fed to the 
autornaticgain controller 3·1. That is, t!1e received signal is applied to the digital de1ec1oroftt1e present invention, st1own 
in Fig. 3, and the detected output, i.e. the output from the filter means 34 is applied to the radio channel controller 54, 

5 from which it is fed to an exchange of a network (not shown), for instance. A signal from the exchange is fed via the 
radio c:trnnnel controller 54 to filter means 64, wherein it is band limited. The band--limited signal is applied to quadrature 
modulating means 65, wherein its IF carrier is quadrature-modulated. The modulated output, i.e. the modulated signal 
is converted by a DA converter 66 to an analog signal, wt1ich is furt!1er converted by a frequency converter 67 to a 
high-frequency signal. The high-frequency modulated signal is power amplified by a transmitting power amplifier 68 

rn for transmission from an antenna 69. 
[0050] Next, concrete examples of the present invention will be described. 

(i) Mobile Multimedia: 

15 [00511 Here, the control operation of the present invention will be described with respect to the cases where the 
mode setting is (1) manually changed by the user of a mobile station, (2) automatically changed by a command from 
a base s1ation, and (3) automatica!ly changed according to an autonomous dec:is!on by the, mcbilEl station. New, IH1 it 
be assumed that the audio service is of a conventional PDC (Persona! Digital Cellular) system whereas multimedia 
service (serv!ee of ;·eceiving broadcast st!I! pictures, for instance) is of a mull:ilevei modula1ion system (160Cl/-\M, for 

20 instance). The transmission bandwidth is supposed not to change with the services. Further, assume that the service 
is switched from a speech to a still picture mode and that the media service is being broadcast in a predetermined 
frequency band. 
[0052] (1) When switching thEl reception of the audio ser;ice to the media service such as still picturn, the user of 
the mobile station changes the service mode of the mobile station. This change is made by a dial key or mode switch 

25 provided in the set/input means 36 (Fig. 11 ). \tVhen suppiied with a request signal for mode swi1ch!ng from the audio 
to the media service mode, for instance, the control means 35 of the mobile station changes tl1e process variables of 
a synthesize;· (not si1own) for· channel selection, the gain control!er 31, the quadrature demodulation means 33 and 
the filter means 34. In thEl synthesizer, !ts frequency is set in a predetermined frequency band. In the gain controlier 
31, t11e setting of the maximum amplitude of its input signai is cl1anged. That is, smce the modulation mode is switched 

30 from QPSK to QAM, the maximum set value of the input signai is made larger· than in that for ClPSK. For the quadrature 
demodulation means 33 the setting of the numbers n of interpo!ation points and decimation points is changed. The 
vaiue n is made larger than tl1at tor QPSK. The process variable of the fiiter means 34 that are changed are the 
smoothing metl1od, ti1e filter coefficient and ti1e filter ordElr·. In this instance, a plurality of smoothing methods optimum 
for the modulation schemes used are prepared and algorithms of these optimum smoothing methods are prestored in 

ab a ROM. Based 011 the service mode switching signai applied thereto, tl1e control means 35 reads out of the ROM the 
smoothing me1hod optimum for the spec!fied mode and performs smooth!ng procHssing accordingly. The roll,-off rate 
of the filter means 52 (Fig. 7) is made lower than in the ease of QPSf\ and. at the same time, its coefficient and order 

are a!so changed. 
[0053] \Ni1h a view to changing various process var!abies according lo ti1e mode being set, control means 35 includes 

40 process variable storage part 102 and a smoothing method storage part ·103 as shown in Fig. 11. In the process variable 
storage part 102, for example, as shown in Fig. 17 A, there are stored for each of the audio and the pidure mode, the 
maximum amplitude value of tiie automatic gain controller, the number n of interpoiation points, tt1e number of t!1e 
ROM having stored therein an algorithm for smoothing processing, the roi!-off rate and filter coefficient of the filter 
means. in accordance with the mode set and input, the c:ontroi rne,rns 35 mads out 1hese var!ables and uses them for 

45 respective particular purposes. In the smoothing method storage part 103 there are stored the numbers of the ROMS 
which have stored therein algorithms or procedures r1ecessary for the execution of various smoothing processes. In 
order to receive services other than the audio and picture or visual services, process variables for such service rnodes 
may be stored in the process variable storage part 102. 
[00541 (2) The user of the mobile station changes the service mode setting of the mobiie station by the set/input 

50 me-:ans 36 as in the case (1). Upon receipt of the service mode changt3 reque-:st, the control rneans 35 of the-: n1obi!e 
station transmits it, together with a flag indicating the mode change, ove1· a transmission channel for communication 
with the base station. To set a flag is to make a predeterm!ned bi1 0 or 1 on thEl transm!ssion frame a 7 or 0. When 
receiving the service change request flag from the rnobiie station (a request for media service in th!s example), the 
base station sends transmission information 011 t1-1e media service via a down-link channel to the mobile station. The 

55 mob!ie station detects thEl transmission information from the base station by 1he radio channel controller 54 (Fig. 16). 

in the thus detected transmission information there are contained the modulation scheme and the transmission rate 
to be used in the data frame of the radio channel, the time slot in the TOMA frame to be used, and so forth. The mobile 
st,ition and trie base station exdianges signals over 1he radio c:tiannel several times concerning t!1e new sGrvice mode, 
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as required, The detected transmission information is input as a variable change request signal into the control means 
35. The control means 35 changes the variables for the synthesizer, the gain controller, the quadrature demodulation 
means and the fiite;· means. The contents to be changes are the same as tt1ose in 1he case (1 ), 
[0055] In this instance, the process variable storage part 102 is designed so that the maximum amplitude vaiue, the 

5 interpoiation point number n and the ROM number of the smoothing method are read out in accordance with the 
moduiation mode specified by tt1e base station as sl1own in Fig. 17B and U1e roil-off rate and the filter coefficient are 
read out in accordance witl1 the symbol transmission i-ate specified by the base station as shown in Fig. 17C, 
[0056] (3) The user of t~,e mobile station d1anges the setting of the service mode of tr1e mobiie station as in the case 
(1) In this case, several combinations of modulation schenies and symbol transmission rates are predetermined for 

rn each of the audio and media services and are assigned different mode numbers, and the respective process variables 
are stored in t~1e prncess number storar,,;e pmt 102 in correspondence with the mode numbers as sr10wn in Fig. 17A. 
The relationships of the mode numbers to the modulation schemes and the symbol transmission rates are also heid 
in the base station. When a service mode change is set and input, the control means 35 transmits a code indicating 
tt1e numbBr of the se,1 mode to t!1e; base station ove,r the transm!ssion channe;I for communication tr;e,rewiU1, Further, 

15 the control means 35 reads out of the storage part 102 the process variables corresponding to the set and input mode 
and uses thB rnad-out process variables to pe1iorm detection processing. 
[0057] Tr;e base; station receive;s and rnsponcJs to the mode; number indica1ing 1he, ne,wly se;t service, mode; to cr,ange 
the setting of the modulation scheme, the transmission rate and the time slot of the TOMA frame which are used !n 
the radio c!1annel for tr,e transmission of information to the mobile station. As required, U1e rnobile station and tiie base 

20 station exchange signals over the radio channel sBveral times concBming the sBrvice mode to be newiy changed, 

(ii) Compatible Mobile Station 

[0058] Here, the control operation of the present invention will be described with respect to the cases where the 
25 mode setting is (1) manually changed by the user of a mobile station, (2) automatically changed by a command from 

a base station, and (3) automatically cl1anged according to an autonomous decision by t11e mobile station. Assume 
that the mobile station has gone indoors (a closed space like an underground shopping center). Suppose that t!1e 
mobile station receivBs the PDC audio service outdoors and 16QAM media service indoors and that the transmission 
band remains unchanged. 

30 

(1) The user changes !he communication mode se1ting of the mobile s1ation when he goes indoors. This is done 
using a dial key or dedicated mode change switch of the set/input means 36. Upon receipt of a communication 
mode change request, tl1e control means 35 changes the setting of the oscillation frequency of thB synthesizer. 
For example, whBn the 800 MHz band is used outdoors and 1500 MHz band indoors, 1he local oscillation frequency 

"" to be supplied to the frequency converter for conversion to an IF signal is changed for use in the 1500 MHz band. 
Since the moduiation scheme is switc!1ed from QPSK to 16QAM as is the case with tl1e mobile multimedia (i), the 
control means 35 makes the maximum ampl!tude value of thB gain controlier large. sets the numbBr n of interpo
lation and decimation points in 1he quadrature demodulation to a vaiue larger tl1an in the case ot QPSK, uses a 
ROM !1aving stored U,e optimum smoothing me1hod, makes the roll-off rates of the filter means 64 at the sending 

40 side (Fig. 16) and the filter means 34 at the receiv!ng side (Fig. 16) small, and changes their filter coefficients, 
(2) The user of the mobile station changes the communication mode setting of the mobiie station by !he set/input 
means 36 w!1en he goes indoors. The mobile sta1ion flags a communication rnode diange signal on tr1e transmis
sion frame of the radio channel to the base station. The base station receives the se1v1ce change request flag from 
1he mobile station and supplies it with transmission informa1ion about the c:orrnnunicaiion rnode over the down-

45 link channel. The mobilB station detects the transmission information from the base station by thB radio channel 
controlle1- 54, In the detected transmission information there are contained the carrier frequency, the modulation 
scheme, the transmission rate and the tirne slot of 1he TOMA frame which are used in the radio channel. Based 
on the transmission information, the mobile station changBs the process variables which are used in thB synthe
sizer, the quadrature modulation means, the gain controller, quadrature demodulation means and tl1e filter means. 

so The contents of the changes are tht3 same as in the case (1), 

(3) As in the cases (1) and (2), the user of the mobile station changes the setting of the commumcation mode of 
the mobilB station whBn hB goes indoors. in this instance, there are prndBtermined a plurality of modes corre,
spond1ng to sevBral combinations of modulation schBmBs and symbol transmission rates, and the mobile station 
informs the base station of changing the communication mode setting through the radio channeL The base station 

55 responds to t!1e signai from thB mobile station to SHI a predetermined communication modB. At tl1is time, the 
settings are the carrier frequency, modulation scheme, transmission rate and the time slot of the TOMA frame 
which are used in the radio channel. The base station and the mobile station exchange signals several times over 
t!1e radio cr1annel and !hen oommunicate wit!1 eac!1 otr1er in the newly se1 communication mode. Bmrnd on t!1e 
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newly set communication mode. the mobile station reads the process variable storage part 102 and changes the 
variables which are used in the synthesize1-, the quadrature demodulation means, the gain controller,the quadrature 
demodulation rneans and tt1e rnter means. Ti1e contents of ti1ese ct,anges are 1he same as in ti1e cases (1) and (2). 

5 [0059] In the above, the variables to be used in the gain controller 31, the quadraturn demodulation means 33 and 
the digital filter means 34 are all ci1anged aceording to every mode switd1ing. Ti1is is a preferred example. For example, 
when the modulation scheme is changed to QAM, at least the maximum amplitude value of the gain controller 31 is 
changed to ensurn accurate detection of the amplitude value of the received si,Jnal and tr1e othe1- variables need not 
be changed. In the case of switching 1o the QPSK modulation scheme, the change of the maximum value of the gain 

rn controller 31 need not be given priority because the amplitude information is not used. The change of t11e roll-off rate 
in tr,e f!!ter means 34 and the corresponding changes of tt1e filler coefficient and filter order are relatively important. 
Next in the order of importance comes the number of interpolation points. followed by the choice of the smoothing 
method. The necessity of changing the variables decreases in descending order of their importance. 
[00601 \Nhile, irl 1hEl above, the, prnsent inv,,ntion t1as bee,n de,scribed as being applie,d to the, recHption of radio signals, 

15 the invention is also applicable to the reception of signals in a wired communication system in which the modulation 
sche,me and the symbol transmission rate are switched 1o tl1ose optimum for e,ach information. in such an instance,, 
tt1e automatic gain controlle,r 31 can be, dispe,nse,d witi1. 
[00611 As will be appreciated from the above, the present invention is advantageous over the prior art as listed below. 

20 (i) A plurality of modulation sche,mes can be dealt With; 
(ii) A plurality of local oscillation frequencies can be dealt with: 
(iii) A plurality of syrnbol trnnsmission rates can be dealt with; 
(iv) Variable bit transmission and variable symbol rate transmission can be implemented vvith one receive,r; 
(v) A completely quadrature demodulated wave can be generated; and 

25 (vi) The invention is applicable to fast frequency hopping. 

Claims 

30 1. A method of digitaiiy detecting a signal, comprising. 

40 

45 

50 

55 

an AD conversion step of converting a received modulated analog signal to a digital signal; 
a quadrature demodulation step of performing a digital quadraturn-demodulating ope,ration on said digital sig-
nal using a local osci!lation freque,ncy of a local oscillation signal as a process variable; 
a filtering step of pe1iorming a digital low-pass filtering operation on said quadrature-demodulated digital signal 
using filter characteristics as process variables; and 
a control step of changing, in response to a process variable change request, at least one process variabie 
in at least one ot said quadrature demodulation step, fo1-changing the local oscillation frequency in accordance 
with a carrier frequency, and said filtering step, for cr,anging tt1e filler characteristics acco;·ciing to the mociu
lation scheme and transmission rate of the moduiated signal; 

characterized by 

an interpolation s1ep of performing n--point interpolation processing on said digital signal resulting frorn said 
AD conversion step to interpolate, thernin samples at n points to produce an n-point interpolate,d digital signal 
to be quadrature-demodulated in said quadrature demodulation step, said n being a real numbe1- equal to or 
grea1er than 1; 
a multiplication step of complex-multiplying then-point interpolated digital signai by said local oscillation signal; 
and 
a decimation s!e,p of performing n-point de,cimation processing on a digital signal resulting from the complex
multiplication to decimate therefrom samples at n points. 

2" The method of claim 1, whe,rein said filtering step comprises: 

a smootl1ing step of pe1iom1ing smooti1ing processing on the 1-esult of said quadrature demodulation to reduce 
the number of samples on the lime base; and 
a digital filter step of performing band-limiting operation on the result of said smoothing processing using said 
fi!ler ct,aracteristics. 
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3. The method of claim 1, wherein said interpolation step is a step of performing discrete Fourier transform processing 

on said digital signal and performing inverse discrete Fourier transform on the result of said Fourier transform 
processing after adding 1hereto a zero coefficient to obtain saicJ resul1 of said in1erpolation processing. 

5 4. The method of claim 1, wherein said interpoiation step is a step of performing a linear interpoiation which approx-

10 

15 

20 

25 

5. 

6. 

7. 

8. 

9. 

irmi1es an m-U1 order function to said digitai signal and interpola1es tr1erein sampies wl1ich fit said rn--ti1 order 

function. 

The method of claim 1. wherein said interpolation step is a step of interpolating samples estimated by an adaptive 
algorithm used for those preceding t11em in said digitai signai every predetermined number of sampies. 

The method of claim 1, wherein said deeimation step is a step of decimating from said muitiplication result said 

samples interpolated at said n points in said interpolation step. 

The method of claim 1. wherein said decimation step is a step of calculating a mean value or centroid of a piuraiity 
of samples in a sequence of samples ot said muitiplication resuit to obtain one sample. 

The method of ciaim 1, further comprising a step of synchronizing said local oscillation signal with said digital signal. 

The method of claim 8, wr,erein said synchronizing step comprises the steps of: 

synchronizing the local oscillation frequency of said local oscillation signai witl1 said digitai signal; and 

time-synchronizing said frequency-synchronized local osciiiation signa! with said n-prnnt mterpoiated digital 

signal. 

10. The method of claim 1, whei-ein said at least one process variabie in said quadrature demodulation step is the 
numbe;- n of interpolation points. 

11. The method of claim 1, whei-ein said at least one process variabie in said quadrature demodulation step is the 
30 local oscillaliori frequency of said local oscillation signal. 

12. The met11od of claim 21, wherein said at least one process variable in said fiiter step is the number of smoothing 
points used to reduce said number of samples. 

ab 13. The method ot claim 2, wherein said at ieast one process variable in said filter step is a fiiter characteristic in said 

40 

45 

digital filter step. 

14. The method ot any one of claims 2 and 8 to 13, further comprising a gain control step of controlling the maximum 
amplitude of said received modulated signal to be a set value wt1ich is said ,it least one process variable. 

15. The method of claim 14, fui-ther comprising: 

a process variable change request detecting step of detecting a process variable change request; 

a process variable determining s1ep of responding to said process variable change request lo determine which 
process variable is to be changed and its value; and 
a step of changing said process variable to said determined variable. 

16. The method of claim 15, wherein each of said steps is executed by decoding and executing a program. 

50 17. The method of daim 16, wherein said process variabie determining step is a step of reading out a presto red process 

variable in response to said variable change request. 

18. The method of claim 17, wherein said variable change request is inpu1 by manipulating set/input means. 

55 19. The method of ciaim 17, wherein said process variabie change reques1 detecting step is a step of detecting said 

process variable change request from a received signal. 

20. A cJigital signal de1ector comprising: 
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an AD converter (32) for converting a received modu!ated analog signal to a digita! signal; 

quadrature demodulation means (33) for pe1iorming a digital quadrature demodulating operation 011 said digital 
signal using a digital local oscillation signal of a local oscillation frequency as a process variable: 
rnter means (34) for performing a digital low-pass filter operation on the quadrature demodulated digital signal 

using filter characteristics as process variabies; 
input means (36) for inpu!ting a process variable change request for changing a process variable: and 

control means (35) responsive to said process variable change request to change at least one process variabie 
in at least one of said quadratu;·e demodulation means, for changing the locai oscillation frequency in accord-
ance with a carrier frequency, and said filter means (34) for changing the filter charaderistics according to the 

modulation scheme and transmssion rate; 

characterized by 

interpolating me;ans (4 i I, 41 Q) for pElrforming n-point inte;rpolation proce,ssing on said ciigita! signal from said 

AD converter (32) to interpo!ate therein samp!es at n points to produce an n-point interpolated digital signal 
to be quadrature-demodulated by said quadrature demoduiation means (33), said n being a real number e;qual 

to or grnatHr than 1; 
local osciliation means (4~S) for ge11erating said digital local osciliation signal through digita! operation; 

multiplying means (42) for cornplex-muitiplying U1e n--point interpolated digital signal by said digitai local os
cillation signal; and 
decimating means (431, 430) for performing n-point decimation processing on a digitai signal 1·esulting from 

said complex-multiplication lo dec!rnale therefrom samples at said n points. 

21. The detector of claim 20, wherein said tilter means (34) comprises: 

smootl1ing mea11s (51) for smoothing the output from said quadrature demodulation means (33) and for per
forming an operation fo;· reducing the number of samplEls of said output: and 
digital filler rnHans (52) for performing a band-limiting operation on th., result of said operation by said smooth

ing means (51) usmg said filter characteristics. 

22. The detector of claim 21, further comprising an automatic gain contro!ler (31) provided at a stage preceding said 

AD converter (32), fm controlling the gain of said received moduiated signal so that its maximum amplitude be
comes a se;l value; whicl1 is one of said process variables that can be changed by said controi means (35). 

ab 23. The detector of claim 22, further comprising a storage part ( 102) having presto red the rem a comparative table of 
variable; cl1ange requests and prornss variabie;s, and wherein said control me;ans (35) is me;ans responsivH to said 
process variable change request to read out said storage part a11d to change th., process variable corresponding 

to said read-out one. 

40 24. The detector of clairn 23, wherein said input means (36) is set/input means for inputting said process variab!e 

change request by a manual operation. 

45 

50 

55 

25. The detector of claim 23, wherein said input means is means (36) for detecting said process variable change 

request frorn a received signal. 

26. Tl1e detector of any one of ciaims 20 to 25, whei-ein said control means (35) comprises a program and a micro

processor for decoding and executing said program. 

27. Tl1e detector of claim 26, wherein said controi means (35) serves also as control means of a digital radio transceiver. 

Patentanspruche 

1. Ve1iahren zum digitalen Erfassen emes Signais. das Foigendes umfasst: 

einen AD-Wandlungsschritt des vVandelns eines empfangenen modulierten Analogsignals in ein Digitalsignal; 
einen Quadratur-Demodulationsschritl des Ausfuhrens einer digitalen Ouadratur-Demodulationsoperation an 
dem Digitalsignal unter Veiwendung eines lokaien Osziliationssignals ,,iner lokalen Oszillationsfrequenz als 
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einer Prozessvariablen; 
einen Filterschritt des Ausfuhrens einer digitalen Tiefpass-Filteroperation an dem quadratur-demodulierten 
Oig!talsignal un1er Verwendung von Filtercharakteristika als Prozessvariablen; und 
einen Steuerschritt des Andems, als Antwort auf eine Prozessvariablenimderungsanfrage, werngstens einer 
Prozessvariablen in dem Quadrntur-Demodulationsschritt, um die lokale Oszillationsfrequenz in Obereinstim
rnung rnit einer Tragerfrequenz zu iindern, undioder dern Filtersci1rit1, urn die Filterctiarakteristika in Oberein
stimmung mit dem Modulationsschema und der Obertragungsrate des modulierten Signals zu andern; 

gekennzeichnet durch 

einen lr1terpolationsschritt des Ausfi.H1rens einer n--Punkt lnte;-polationsverarbeitur1g an dem Digitalsignal, das 
aus dern AD-Wandlungsschritl resultiert, urn darin Abtastwerle an n Punkten zu interpolieren, urn ein n-Punkt
interpoliertes Digitalsignal zu erzeugen, das in dem Quadratur-Demodulationssch1·itt quadraturdemoduliert 
wire!, wobei n e;ine, rnelle, Zahl ist, die gleid1 ode,r groil.e,r ist als 1; 
einen Multiplikationsschritt des komplexen Multiplizierens des n-Punkt-interpolierten Digitalsignals mil dem 
lokalen Oszillationssignal; und 
Hine,n Dezirnierungssehri1t des AusfOtm;ns e,in<lr n-Punkt DHzirni,,rungsve;rarb<litung an e,inern Digitalsignal, 
das aus der kornplexen Multiplikation resultiert, um daraus Abtastwerte an n Punk.ten zu dezimieren. 

20 2. Verfahren naeh Anspruch 1, bei clern der Filterschritt folgendes umfasst: 

25 

30 

ab 
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3. 

4. 

5. 

6. 

7. 

8. 

9. 

einen Glii1tungsschritt des Ausrnhrens einer Glii1tungsverarbeitung an dem Ergebnis der Quaciraturdernodu
lation, um die Anzahl der Abtastwerte auf der Zeitachse zu reduzieren; und 
einen digitalen Filterschritt des Ausfuhrens einer bandbegrenzenden Operation an dern Ergebnis der Glat
tungsverarbeiiung unter Ve1wenciung cier Filtercharakieristika. 

Verfahrnn nach Anspruch 1, bei ciHm der lnte;-polationsschritt ein Schrilt des Ausfuhrens einer diskrnien Fourier-
transforrnationsverarbeitung an dern Digitalsignal und einer inversen diskreten Fouriertransforn1ation an dern Er
gebnis der Fouriertransformationsverarbeitung nach Hinzuaddieren eines NullKoeffizienten ist, um das Ergebnis 
der lriterpoiationsvHrarbeitung zu erhalten. 

Ve1iahren nach Ansprucl-1 1, bei dem der interpoiationsschntt ein Schritt des Ausfuhrens einer linearen Interpolation 
ist, welche eine Funktion rn-ter Ordnung an das Digitalsignal annahert und darin /.\btastwerte intHrpoliert, welche 
zu der Funktion rn-ter Ordnung passen. 

Verfahrnn nach Anspruch 1, bei dern der lnterpolationsschritt ein Schritt des lnterpolierens von /.\btastwerten, die 
von einem adaptiven Algorithrnus geschiitzt wercien. cier auf die ihnen in ciern Digitalsignal vorangegangenen 
angewendet wird, nach jeder vorbestirnmten Zahl von Abtastwerten ist. 

Verfahren nach Anspruch 1, bei dem cler Dezimierungsschritt ein Schritt cles Dezimierens cler in dem lnterpolati
onsschritt an den n Punkten interpolierten Abtastwerie von dem l\tluliiplikationsergebnis isl. 

Verfahren nach Anspruch 1, bei dem der Dezimierungsschritt ein Sehritt des Berechnens eines Mittelwertes oder 
SchwHrpur1ktes einer Mehrzahl von 1-\btastw.,rten in einer Folge von Abtastwerten des Multiplikationsergebnisses 
zurn Erhalten eines Abtastwerts ist. 

Verfahren nach Anspruch 1, das weiier einHn Sc:hritt des Synchr-onisiernns des lokalen Oszillationssignals rnit dern 
Digitalsignai enthi:i.lt. 

Verfahren nach Ansprueh 8, bei dern cler Synchronisationsschritl die folgencien Sehritte umfasst: 

Synchronisieren der lokalen Osziilationsfrequenz des lokalen Oszillationssignals mit dern Digitalsignal; und 
Zeitsynchronisieren des frequenzsynchronisierten lokalen Oszillationssignals rnit cien1 n-Punkt-interpolierten 
Oigitalsignal. 

10. Verfahren nach Anspruch 1, bei dem wenigstens eine Prozessvariable in dem Quaclratur-Demodulationsschrltt 
die Anzahl n der lnterpolationspunkte ist. 
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11, Verfahren nach Anspruch ·1, bei dem wenigstens eine Prozessvariable in dem Quadratur-Demodulationsschritt 

die lokale Oszillationsfrequenz des iokalen Osziiiationssignais isl. 

12, Verfahren nach Anspruch 21, bei dem wenigstens eine Prozessvariable in dem Filterschritt die Anzahl der Glat-
5 tungspunkte ist, an denen die Anzahl der Abtastwerte reduziert werden soil. 

13. Ve1iahren nacl1 Anspruch 2, bei dem wen1gstens eine Prozessvariable in dem Fiiterschritt eine FiltercharaKteristik 
in dern digitalen Filterschritt isl. 

rn 14. Ve1iahren nach einem der Anspruche 2 und 8 bis 13, das we1ter einen Verstarkungssteuerungsschritt des Steuerns 

15 

20 

der rnaximaien Amplitude des empfangenen rnodulierten Signals auf einen So!iwert urnfasst, der die wenigstens 
eine Prozessvariabie ist 

15. Verfa!1rnn nac!1 Anspruct1 14, cJas weitHr urnfass1 

einen Prozessvariabienanderungsantrage-Erfassungsschritt des Erfassens einer Prozessvariablenande
rungsanfrage; 

einen Prozessvariablenbestimmungsschritt des Antwortens auf die Prozessvariablenanderungsanfrage, um 

die zu andernde Prozessvariable und deren Wert zu bestirnrnen; und 

einen Schritt des Anderns der Prozessvariablen zu der bestimmten Variable. 

16. Verfahren nach Anspruci1 15, bei dern jeder der Schrilte durc!1 Dekodieren und Ausfi.lh;·en eines Progrnrnrns aus

gefOhrt wird. 

25 17. Verfahren nach Ansprucr1 i 6, bei dem der Prozessvariabienbestimrnun[issc:hritt ein Sc:hritt des Auslesens einer 

30 

40 

45 

50 

55 

vorab gespeicherten F)rozessvariabien ais Antwort auf die Variablenanderungsanfi-age ist. 

18. Verfahren nach Anspruch 17, bei dem die Variableniinderungsanfrage durch HandhBben eines Setz-iEingabemit

tels eingegeben w1rd. 

19. Verfahren nacr; Anspruch 17, bei dern de;- Prozessvariabienande;-ungsanfrage-Erfassungsschritt ein Schritt zurn 

Erfassen der Prozessvariablenanderungsanfrage von e111em empfangenen Signal ist. 

20. Digitaler Signaldetektor, der Foigendes un1fasst 

einen AD-Wandler (32) zurn \Nandein eines ernpfangenen rnodulierten Analogsignals in ein Digitaisignai; 
ein Quadratur-Dernoduiationsmittel (33) zurn Ausfllhren einer digitalen Quadratur-Dernodulationsoperation 

an dern Digitalsignal unter Verv11endung eines dlgitalen iokalen Oszillationssignals rnit einer lokaien Oszillati
onsfrequenz als einer Prozessvariablen: 

ein Filtermttel (34) zum Ausfuhren einer digitalen Tiefpass-Fitteroperation an ctem quadratur-democtulierten 
Digitalsignal unter Verwendung von r:iitercharakteristika als F-'rozessvariablen: 

ein Eingabernittel (36) zurn Eingeben einer Prozessvariablenancterungsanfrage zurn f\ndern einer Prozessva-

riablen; und 
Steuermitlel (35), die auf die Prozessvarfablenanderungsanfrage zum Andem wenigstens einer Prozessva

riablen in ctern Quadratur-Dernoctulationsmittel, um die lokale Osziilationsfrequenz in Obereinstimmung mit 

einer Trage1irequenz zu andem, und/oder dem Filterrnittel (34), um die FiltercharaKteristika in Ubereinstim
rnung mil dem Moctulationsscherna und der Uberirngungsrale zu iindern, ansprechen: 

gekennzeichnet durch 

ein interpolationsmittel (411, 41 Q} zum Austuhren einer n-Punkt-interpolationsverarbeitung an dem Digitalsi

gnal von dern AD-Wandler (32), um darin Abtastwerte an 11 Punkten zu interpolieren, um ein n-Punkt-interp0•· 
liertes Digitalsignal f(jr die Quadratur-Democtulation durch etas Quadratur-Democtulationsmittel (33) z.u er:rnu

gen, wobei n eine reelle Zahi ist, die gleich oder gror1er 1st ais 1; 
ein lokales Oszillationsrnittei (45) zum Erzeugen des digitaien lokalen Oszillationssignals durch digitaie Ope .. 

ration; 
ein rvlultipiikationsrnittel (42) zur komplexen Multiplikation des n-Punkt-in!erpoiierten Digitalsignals mil dern 
digitalen iokaien Osz.illationssignal; und 
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ein Dezimierungsmittei (431, 43Q) zum Ausfllhren einer n-Punkt-Dezirnierungsverarbeitung an dem Digital

signal, das aus der komplexen l\tlultipiikation resultiert, urn daraus Abtastwerte an den n Punkten zu dezimie

ren. 

5 21. Detektor nach Anspruch 20, wobei das Fiitermittel (34) folgendes umtasst: 

10 

22. 

15 

23. 

20 

24. 

25 25. 

26. 

30 

27. 

ein Glatiungsmittel (51) zurn Gliitten der Ausgabe von dem Quadratur-Demodulationsmittei (33) und zum 
/:>..usfuhren einer Operation zum Reduzieren der 1-\nzahl der Abtastwerte der Ausgabe; und 
ein digitaies Filtermittel (52) zurn Ausfjjhren einer bandbegrenzenden Operation an dern Ergebnis der Ope

ration des Glattungsmittels (51) ui1ter Vervvendung der Filtercharakteristika. 

Detektor nach Anspruch 21, der ferner einen automatischen Verstarkungsregler (31) urnfasst, der in einer dern 

AD-Wandler (32) vorangehenden Stufe vorgesel1en ist, zum F,egeln der Verstiirkung des empfangenen rnodulier
t,rn Signals, so dass cless,rn rnaxirnale Amplitude zu ein,m1 SollwBrt wird, der E,lne dHr Proze,ssvariabl,rn ls1, die 
durch das Steuermitiel (3f5) geandert werden kann. 

DHl:ektor nac:t1 Anspruch 22, der· fe,rner e,in Speid1erte:II (102) urnfasst, in dem e,lnE, Ve,rgleid1stabe,lle von Varia

blenanderungsanfragen und Prozessvariablen vorab gespeichert ist, und bei dem das Steuerrnittel (35) ein Mittel 

isl:, das auf die Prozessvariableniinderungsanfrage, anspric:t1!, urn aus clern Speiche,rte,il auszulesen, und urn die 
Prozessvariebie entsprechend der ausge,iesene,n zu andern. 

Dete,ktor nact; Anspruci1 23, bei dern das Eingabernlt!el (36) ein Se1z-/Eingabe,rni1tel zum Eingeben der Proz.essva

riabie,nanderungsenfrage, durch eine rnanuelle Operation ist 

Dete,k!or nach Anspruch 23, bei dern das Eingabemittel ein Miltel (36) zurn Erfassen der Prozessvariablenande

rungsanfrage von einern empfangenen Signai ist. 

Detektor nach einem der Anspr[iche 20 bis 25, bei dem das Steuermittel (35) ein Programm und einen Mikropro

zessor zurn Entschlt.lssein und Ausfuhren dieses Prograrnms urnfasst. 

Dete,k!or nach Anspruch 26, bei dem das Steuerrnittel (35) auch als Steuerrni1te,I eines digitalen Funk .. Sende,r

Empfangers d1ent. 

ab Revendications 

1. Proced,'§ pour detBctHr un signai de fa,;:on numerique, cornpre,nant: 

une ,§tape de conversion NN consistant t, convertir en un signal numerique un signal analogique rnodul{, re9u; 
40 une etape de demodulation en quadrature consistant a effectuer une operation de demodulation en quadrature 

nurnerique sur le signal nurnerique en utilisant une frequence d'oscillation locale d'un signal d'oscillaiion locaie, 

en !ant que variable de processus: 

45 

50 

55 

une etape de filtrage consistent a effectuer une operation de fiitrage passe-bas numerique sur le signal nu
rnerique dernodule en quadrature,, en utilisanl des c:araderistiques de fiiire en tant que variable,s de processus; 

et 
une eiape de cornmande consistant a cha11ger, en reponse a une demande de changement de variable de 
proce,ssus, au mo ins une variable de process us dans l'une, au rnoins de i'e1ape de demodulation en quadrature, 

pour changer !a frequence d'osciiiation locale conformement a une frequence, porteusB, et de, l'etape de filtrage, 
pour changer les caracteristiques de filtre conformement a la technique de modulation et au debit de trans

mission du signal module; 

caracterise par 

une etape d'interpolation consistant a effectuer un traitement d'interpolation an points sur le signal numerique 
resultant de l'eiape de conversion A-~J, pour inte,rpoler dans celul-ci des echantllions an points, pour produire 

un signai numerique interpole an points devant etre demodule en quadrature dans l'etape de demodulation 
en quadrature, n etant un nornbre reel egal ou superie,ur a 1; 
une etape cie rnultlplication consistant a effectuer une multiplication cornplexe du signal nurn{,rique lnterpoie 
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a n points par le signal d'oscillation locale: et 
Line etape de decimation consistant a effecluer Lin traitement de decimation an points sur un signal numerique 
resultant de la mull:ip!ication ccrnplexe, pour decirne;· ii partir de celui-ci cJes ec:t1antillons a n poin1s. 

5 2. Procede selon la revendication 1, dans lequel l'etape de filtrage comprend : 

10 

3. 

15 

4. 

20 

5. 

une etape de lissage consistant a effectue1· un traitement de lissage sur le resultat de la demodulation en 
quadrature pour redui;·e le nombre d'echar1tillons sur la base de temps, et 
une etape de fil1rage numerique consistant a effectuer une operation de limitation de bande sur le resultat du 
tra1tement de lissage, en utilisant les caracteristiques de filtre. 

Proced,-§ selon la revendication 1, dans lequel l'etape d'interpolation est une etape consistant a effectuer un trai
tement de transformation de Fourier discrete sur le signal numerique et a effectuer une transformation de F"ouner 
discrE'ite; invmsH sur le resul1at du traiternent de l:ransforrna1ion de; Fourier, apres lui avoir ajou1e un coefficient ze,ro 
pour obtenir le resultal du traitement d'interpolation. 

Proce,de, selon la reverndication 1, dans leque;I l'e,tape d'interpolal:ion ,,st une {;tape consistant ~. effactuer une 
interpolation linea!re qui forme une approx!mation du signal numerique avec une fonction du m-ieme ordre. et 
intHrpole; dans celu!-ci des ec:tiantillons qui sont ajustes a la Fonction du rn-ieme ordre. 

Procede selon la revendication 1, dans lequel l'etape d'interpolation est LIile etape consistant a interpoler des 
ec:trnntillons estirnes pm un algoriti1rne ad,iptatif utilise pour c:eux qui les precedHnt dans le s!gnal nurnerique, ,i 

chaque nombre predetermine d'echantillons. 

25 6. Procede selon la revendication 1, dans lequel l'e1ape de decimal ion est une; etape cons!slanl: ,i decimer a p,irtir 

7. 

30 

8. 

ab 9. 

40 

10. 

11. 
45 

12. 

50 13. 

14. 

du resultat de multiplication les echantillons interpoles auxdits 17 points dans l'etape d'interpolation. 

Proced,-§ selcn la revendirntion 1. dans lequel h-§tape de decimation est une etape consistant a calculer une valeur 
moyenne ou un centro'fde d'une multipl1c1te d'ecl1antillons dans une sequence d'ecl1antillons du resultat de multi
plication, pour oblenir un echantillon. 

Procede selon la revendication 1, comprenant e17 outre une etape consistent a synchroniser le signal d'oscillation 
locale avec le signai numerique. 

Procede selon la revend1cation 8, dans iequel l'etape de synchronisation comprend les etapes suivantes: 

on synchronise la frequence d'oscillation du signal d'oscillation locale avec le s!gnal num,'§rique; et 
on effectue une synchronisation temporelle du signal d'osciliation locaie synchronise en frequence avec ie 
signal nurner!que interpol,~ a n poin1s. 

Procede selon ia revendication : , dans lequel l'au mains une variable de processus dans l'etape de demodulation 
en quadrature est le nombre n de poin1s d'interpolaticn. 

Procede sHlon ia revend!cation 1, dans lequel l'au rnoins une variable de processus clans l'etapH de demodulation 
en quadrature est la frequence d'cscillation locale du signal d'osciilation locale. 

Procede selon la re;vendic:ation 21, dans le;quel l'au mains une variabie de processus ,fans l'e1ape de fill:rage es1 
le nombre de points de lissage utilises pour redu!re le ncrnbre d'echantillons. 

Proced,-§ selon la revend!cation 2, dans lequel l'au moins une variable de processus dans l'etape de filtrage est 
une caractenstique de filtre dans l'etape de filtrage numerique. 

Proced,-§ selon l'une queiconque des revendicat!ons 2 et 8 a 13, cornprenant en cutre une etape de commande 
de gain cons1stant a commander !'amplitude maximale du signal module rei;;u de fai;;on qu'elle soi! u17e valeur fixee 

55 qui est l'au moins une variable de processus. 

15. Procede selon la revendication 14, comprenant en outre: 
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une etape de detection de demands de changement de variable de processus consistant a detecter une 
demande de changement de variable de processus; 
une etape cle determination de variable de processus consis!an! t, reagir ,~ la demande de cl1angement cle 
variable de processus en determinant quelle variable de processus drnt etre changee, et sa valeur; et 
une etape de changement de la variable de processus pour qu'elle devienne la variable dete1·minee. 

16. Procede selon ia revendication 15, dans lequel chacune des etapes est executee en decodant et en executant un 
programme. 

rn 17. Procede selon la revend1cat1on 16, dans lequel l'etape de determination de variable de processus est une etape 

15 

consisiant a lire une variable de pr·ocessus preernegistree, en reponse a la dernande de changement de variable. 

18. Procede selon la revendication 18, dans lequel la demande de changemen! de variable est introduite en manipulant 
un moye,n de, fixation/ d'en!ree. 

19. Procede selon la revendication 17, dans iequel i'etape de detection de dernande de changement de variable de 
proeessus e,st une, e§tape, consistant a de§te,cte,r la de,mande de, changemen1 cle variable de processus a par!ir cl'un 
signal rei;:u 

20 20. Detecteur de signal numerique, comprenant: 

25 

30 

40 

45 

un convertisseur AIN (32) pour convertir en un signal nurnerique ur1 signal analogique module rei;:u: 
un moyen de demodulation en quadrature (33) pour effectuer une operation de demodulation en quadrature 
numerique sur le signal numerique en utilisant un signal d'oscillation locale numerique d'une frequence d'os
cillation locale, en l:ant que vmiable de processus; 
un rnoyen de filtrage (34) pour effectuer une operation de filtrage passe-bas numerique sur ie signal numerique 
dernodule en quadrature, en utilisant des caracteristiques de filtre en tant que vmiables de processus, 
un moyen cl'entree (36) pour introduire une clernande de changement de variable de processus pour changer 
une variable de processus; et 
un moyen de cornmande (35) reagissant a la dernande de changernent de variable de processus en ct1angeant 
au moins une variable de processus clans l'un au mains du moyen de dernodula1ion en quadra1ure, pour 
changer la frequence d'oscillation locale conforrnernent a une frequence porteuse, et du rnoyen de tiltrage 
(34) pour changer les caracterlstiques de filtre conformement a la teclrnlque de modulation et au debit de 
transmission; 

caracterise par 

un rnoyen d'interpolatlon (411, 41 Cl) pour eifectue1· un traitement d'interpoiation a n points sur le signal nume
rique provenant du convertisirnur )\IN (32), pour interpol er a l'in!erieur des ediantillons ,'3 n points, pour produire 
un signal numerique interpole an points devant etre democlule en quadrature par ie moyen de demodulation 
en quadrature (33), le nombre n etan! un nombre reel egal ou superieur a 1; 
un rnoyen cl'oscilla!ion locale (45) pourg,inerer le signal d'oscillation locale nurrnirlque par l'interrnecliaire d'une 
operation numerique; 
un moyen de multiplication (42) pour effectuer une multiplication rnmplexe du signal numerique interpole a n 
points, par le signal d'oscillation locale numerique; et 
un moyen de decimation (431, 430) pour effectuer un traiternent de decimation a n points sur un signal nu
merique resultan1 de la multiplication cornplexe, pour deGirner ,'l pariir de celui--ci des echantillons auxdi1s n 
points. 

so 21. D0tt1cteur se-:!on la revendication 20, dans leque-:! le moyt1n de-: fi!tragt3 (34) comprend: 

55 

un moyen de lissage (51) pour lisser le signal de sortie du moyen de demodulation en quadrature (33) et pour 
effeduer une operation pour reduire le nornbre d't,chantillons du signal cle sortie; et 
un moyen de filtrage nurne1·ique (52) pour effectuer une operation de limitation de bande sur le resultat de 
!'operation effectuee par le moyen de lissage (51 ), en utllisant lesdites caracteristiques de flltre. 

22. Detecteur selon la revendication 21, comprenant en outre une unite de cornmande automatique de gain (31) placee 
f, un e,!age qui pre,cede !ii convertisseur ,1\/1\J (32), pour commander le ga!n du signal module, re1,u, de fa1,or1 que 
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son amplitude maxirnale devienne une vaieur fixee qui est l'une des variables de processus qui peuvent etre 
changees par le rnoyen de cornrnande (35). 

23, Detecteur selon la revend1cation 22, comprenant en outre un element de stockage (102) dans lequel est preen-
s registree une table comparative de demandes de changemeni de variable et de variabies de processus, et dans 

lequel le rnoyen de cormnande (35) est un rnoyeri qu! reagit a la dernande de c!iarigernent de vmiable de proc:essus 
en lisant l'eiement de stocl<age et en chengeant ie variable de processus correspond ant a celle qui est iue. 

24, 
10 

25, 

15 26, 

27, 

20 

25 

30 

40 

45 

50 

55 

Detedeur selon la revendication 23, dans lequel le moyen d'entr,"§e (36) est un n1oyen de fo:at!on / d'entree pour 
introduire la demande de changement de vanable de processus, par une operation rnanueiie. 

Detedeur selon la revendicat!on 23, dans lequel le rnoyen d'entree est un moyen (36) pour detec!er la demande 
de changement de variable de processus a partir d'un s!gnal re(,u. 

Detecteur selon l'une quelconque des revendications 20 a 2f5, dans lequel le rnoyen de comrnande (35) cornprend 
un programme et un microprocesseur pour decoder et executer le programme. 

Detecteur selon la revendicat!on 26, dans lequel le rnoyen de cornrnande (35) rernplit egalement la fonction d'un 
rnoyen de c:ornrnande d'un ernetteur--recepteur de raci!o nurnerique. 
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Description 

BACKGROUND 

5 i. Field of Invention 

[0001] This invention pertains to a pomt to multipoint radio access system The invention particularly pertains to the 

ccntiguration of such system which utilizes a number of different modulation methods, the modu ation methods being 
distinguishabie wiih regard to the bandwidth efficiency but also with regard to the coverage range and the interference 

10 immunity, 

2. Related Art and Other Considerations 

[0002] Radio access methods have become frequently used to enable the rapid and economic implementation of 
1r, the access network in modern telecommunication networks, Most known solutions up to date are based on conventional 

mobile cellular techniques, where the subscribers are fixed instead of mobile, One disadvantage of using ceilulartech

niques for the access network is that the radio spectrum is limited and the implication cf this is that these systems 
normally have a 100 iimi1ed capacity, (lspecia!ly in cities, 

[0003] Recently a new point to multi point system has been suggested that uses microwave links between a central 
20 base station and subscriber terniinals" The central base station uses normally 45 or 90 degree sector antennas and 

the terminals directive antennas pointing towards ilie base station, 

[0004] in the suggested system, frequency reuse can be very eff ec1ive by the use of alternating vertical and horizontal 
polarizations for the links in adjaoem sectors, 

[0005] Also, the line of sight radio links lends themselves to high quality connections, the capacity of which can be 

25 adapted lndividualiy to different capacities (bitrates)" 

[0006] To further improve on tlie frequency economy of this system, it has been suggested to use a number of 
different modulation types for the lirks" The highest order of modulation requires minimum bandwidth for a giveti bitrate 
but has also the minimum range and is most sensitive for interferences from oilier links, The lowest order ot modulation 
is the rncst robust, It t1as n1e longest coverage range and is also tr1e least sensitive to interferences from ether links, 

30 [0007] The probiem in this kind of system is then 1o select for each link the most suitable modulation, consicjerin[J 

bandwidth economy, coverage ranrJc an,J the foreseen into1icrcnco situation, 
[0008] A system of this kind ls described ln a paper entitled Link Capacity and Celluiar PianninrJ Aspects of a Point 

to Point Fixed Radio Access System, by A Ballmann, D, Chicon, and M Glauner, European conference on Radio Relay 
Systef"ls 1996, Bologna, Italy, However heretofore there l1as not been a clear cut procedure for a!Tlving to a suitable 

35 strategy to allocate suitable modulation types and bandwidth to eacr terminal in the system" 
[0009] iti an article by Sunii K, Vadgama titled "P,daptive Bit Rate Transmission for Personal Communications", Proo, 

of tr;e Nordic seminar on di;i11al land mobile; radio comrnunications (DMR), Oslo, June 26 · 28, 1990, the idea of tradin;i 

oft transmission bit rate for either lower transmission power or extra communication range is discussed" it is noted that 
in f'1Ultilevel modulation the bit rate is varied by changing the order of modulation, Le, tl1e number of bits per modulation 

40 symbol whereby the nominal bandwidth remains constant, making frequency planning simpler Three system imple

mentations are suggested for a personal communication system, a) using a fixed modulation in a given type of ceii, b) 

crea1ing a number of cor1ce11tric zones using respective modulation orders, and c) vaiying the modulation order dy
namically across e;ach ce;iL However·, i1 is noted tha1 the; latter lmplmnenta1ion would require rnthe1· complex signaling, 

cali setup protocols and frame formats, This document forms the preamble of claim i, 
45 [001 O] What is needed, therefo:"e, is a system, which enables a proper choice of a modulation type considering 

bandwidth efficiency, coverage range and the interference situation, 

SUMMARY 

50 [0011] A method is provided for allocating radio link characteristics in a point to multipoint radio access system. The 

point to multipomt radio access system comprising a number of base stations including a selected base station con
nected by a plurality of radio links to a corresponding pluraiity of subscriber terminals located within respective coverage 

areas cf the selected base station" At least some of the plurality of radio links are within a same frequency band" 
[00"12] In accordance with the method, a base station power dens ty is selected for the selected base station, The 

55 base station power density, for each of a plurality of modulation types, is constant for aii bitrates" Sin11iarly, for each of 

the oiurality of subscriber terminals iocated Within the coverage area ot the seiected base station, a terminal power 
density is selected, The terminal power density, for each of the plurality of modulation types, is constant for all bitrates, 

A maximum range is then detenn:ned for each ot the plurality ot modulation types" Then, for each of the piurality of 

2 

DEF0002433 
IPR2020-00033 Page 01693



EP O 845 916 81 

subscriber terminals, a modulation type is allocated to 1he corresponding radio link dependent upon range from the 
selected base station. A determination is then made, for each of the pluraiity of subscriber terminals, whether ai the 

subscriber terminal there is an acceptable signal quaiity. If not, a next lower modulation type is allocated to the radio 
link con·esponding to ihe subscriber terminal which does not have the acceptable signal quality. 

5 [004 3] After the foregoing has occurrnd with respect to ti1e subscriber terminals, a determination is made at the 
selected base station wt1ether tt1ere is an acceptable signal quality witi1 respect to each of the plurality of subscriber 
terminals. If not, the radio link corresponding to the subscribertenninal having unacceptable signal quality is allocated 
a next lower modulation type. Thereafter·, frequencies and bandwidth are allocated to each of the piurality of radio links. 

10 BRIEF DESCRIPTION OF THE DRAWINGS 

[004 4] The foreiioing and other objects, features, and advantages of the invention wiil be apparen1 irorn 1he following 

mom particular description of preferred embodiments as illustrated in the accompanying drawings in which reference 
characters refer to the same parts throughout the various views. Tl1e d1·awings are not necessariiy to scale, emphasis 

15 instead being placed upon iilustrating tlrn principles of ihe invention. 

Fig. 1 is schematic view oi a microwave coverage network according to an embodiment of tne invention. 

Fig. ·1 A is an enlarged schematic view of a portion of a coverage area served by a base stalioCJ site of the network 
20 of Fig. 1 

25 

30 

Fig. 2 is a schematic view of a base station according to an ernbodirnent of the inver1iion. 

Fig. 3 is a schematic view of a base station network accorair11i to an ernbodirnerlt of tiie inventior1. 

Fig. 4 is a schematic view depicting the relationship of Fig. 4A and Fig. 4B. 

Fig. 4A and Fig. 4B are flowcharts showing steps executed by a network planning processor accor·ding to an 
embodiment of tr1e invention. 

DETAILED DESCRIPTION OF THE DRAWINGS 

[0015] In the following description, tor purposes of explanation and not limitation. specific details are set lorth such 
as particular architectures, interfaces, techniques, etc. in order to provide a tl,orough understanding of the present 

35 invention. However, ii will be apparent to those skiiled in the art that the present invention may be practiced in other 
embodiments that depart from these specific details. In other instances, detailed descriptions ot weli known devices, 
Circuits, and rnethods are omitWd so as not to obscure 1he d,iscription ofthe present invention with unnecessary detai!. 

[0016] Fig. 1 shows a microwave coverage network 20. ~Jetwork 20 includes a regular pattern of base station sites 
and the corresponding cell or coverage area for each base station site. In Fig. 1, the celi or coverage area for each 

40 base station site is shown as a square, with a base station site being located al the center of the square (i.e., the center 
of the cell). For example, base station site B1 is centraily iocated in its cell Ci and base station site B2 is centrally 
located in its cell C2. 

[001 i'] !n the il!us1rn1ed embodiment. each cell C comprises lour triangular sectors. For example, cell C1 comprises 
sectors s·lc1, S2c1, S301 and S4c1 and cell C2 comprises sectors Slc2 , S2c2 , S3c2 , and S4c2 

45 [0018] Fig. ,A shows an enlargement oi the center of cell G1 served by base station site Bi. As seen in Fig. 1A, 
each base station site, such as base station site B1, includes four base stations (base stations B1 -1, B1-2, 81-3, and 
B1-4 being shown as included in base station site B1 in Fig. 1 A). 
[001!:!] As shown both in Fig. 1 and Fig. 1 A, alternating sectors Sofa cell C have differing polarizations. Thai is, 

direct!y adjacent sectors receive transmissions in orthogonal polarizations to obtain decoupling in the overlap regions 
50 of the antenna patterns. For exampie, in cell C1 sectors S1c1 and S3c1 have horizontal polarization (as indicated by 

the etter "H") while sectors S2c1 and S4c1 have vertical polarization (as indicated by the ierter "V"). 
[00:20] In Fig. 1, two terminals Ti and T2 are shown. Terminal Ti is located in sector S4c 1 which is served by base 
station B1-4; T2 is located in secto;· S4c2 which is served by base station B2-4. Terminals Ti and T2 are thus served 
by base stations which use !he sarne polarizations. 

55 [00:21] !n the pa1ticuiar configuration shown in Fig 1, base stations 81, 82 have approximately 90 degree wide 
antennas. Terminais Ti and T2, on the other hand, have much smaller antenna beamwidths, typically 4-8 degrees. 
Although oniy two terminals Ti and T2 are illustrated in Fig. 1, it should be understood that many terminals typically 
reside in each sector S. Terminals are located at premises of customers, with each terminal being connected by lines 
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(e.g. POTS or ISDN lines) to many telephone subscritiers. Each terminal is dedicated and adjusted to one base s1ation 

(e.g. terminal Ti is dedicated to base station 81-4). 

[0022] Although there are several terminals witl1111 each sector, for a given sector each terminal T is allocated Its 

in div dual frequency from a rar,ge cf frequencies available in that sector. It can occur that the same frequency is being 

5 utilized both in sector S4c1 and S4c2. Thus, if te;minals T1 and T2 were assigned ti1e same frequency, a potential 
inter1erence problem would arise. in this regard, a signal transmitted 011 a frequency !1 to terminal Ti from base s1atior1 

B1 -4 at site B1 would, due to the wide antenna angle oi base station 81--4, also hit the tern·,1nai T2 as indicated by line 

30. If terminal T2 is also us;ng frequency f1, interference would result Thus, base station 81-4 could cause interference 

at terminal T2. 

10 [0023] Likewise, terminal T2 could cause interference in base station 81-4. In this regard, terminal T2 l1as a narrow 

antenna beam which is directed towards its own base station 82-4. ~Jormaliy the signal directed from terminal T2 to 

base station 82-4 would not hit the base station 81. However, if terminal T2 is more or less in line with both base station 

82-4 as weil as with base station 81-4 in the manner shown in Fig. 1. interference may arise. in this situation, the 

antenna of terminal T2 cannot discrlm;nate between base station B2-4 and base station 81-4, and inte;ference results. 

15 [0024] it should be understood the use of four sectors S pe,· cell as iliustrated in Fig. 1 is merely to serve as an 

example. Whereas Fig. 1 illustrates each celi C sector at ninety degrees in view of the particular antennae employed, 

the cells can be sectored at other angles (e.g., forty five degree or fifteen degree angles) in accordance with the angles 

of tt;e arnennae cr;osen fer the base stations. 

[00:25] The person skilied in the art will appreciate that the wide angle sectored base station antennae have a lower 
20 gain than the highly directive terminal antennae (which l1ave a smaller beam). For example, an antenna at a terminal 

T may have an eight degree main beam with high antenna gain (e.g., 22 dB at 1 O Ghz). 

[0026] Fig. 2 shows a block diagram ol a base station 40 (base station 40 being representative, lor example, of base 

stations B1 4 and 62-4 discussea above). Base station 40 includes in its transmitter part a plurality of transmission 

channels 4 i, one such channel 41Abein[J iullyshown in Fi[J. 2 Each channel 41 has a rnodulalor42 and an upcorwerter 

25 44 to convert the signals to RF-frequency. All transmission channels 41 are connected to power amplifier 46 as indicated 

by lines 47. Base station 40 also has a receiver part or receiver side having receiver channels 51, only channel 51 A 

being luily illustrated In Fig. 2. Ali receiver channels 51 share a common RF-amplifier 52. Ampiif:er 52 Is connected by 

lines 53 to each receiver channei 51. Each receiver ciiannel 51 includes a down converter 54 and a demodulator 56. 

Duplexer 60 of base statior1 40 combines the transmitter and tr1e receiver to a common antenna 62. The modulator 42 

30 and demodulator 56 of each channel (commonly kno\ivn as a modern) are controlled by a control uni1 70. Control uni1 

70 connects to all transmission anrJ receive channels. Control unit 70 sets the tiasio link paran1ctcrs for the modern, i 

e. modulation type, transmit power density, and bitrate. in a DBA (Dynamic Bandwidth Allocation) mode, control urnt 

70 also makes bandwidth allocations to the individual terminals 011 a momenta1y bas;s. 

[0027] Fig. 3 shows an overview of a base station network 100. A number of base stations 400 , 401, 402 , etc. are 
35 connected to a Netv,rork Management System (NMS) 102. in particular, control units 70 oi the plurality of base stations 

40 are connected to Neiwork Management System (Mv1S) 102. 

[0028] Network Manaiiemen1 Systern (1'iMS) 102 is, m turn, connecteid to a ne;twork pianniniJ processor (NPP) 110. 

Network planning processor (NPP) 11 O can take various forms, such as a stand alone personal computer (PG). Op·· 
erations and calculations performed by N r-?P 11 Oare describe,j in more detail below. Results and outputs from Netv:ork 

40 planning processor 11 O are transmitted to Network management system 102. The output operations fro117 Network 

planning processor 11 o to Network management system 102 can take the form of a simple file transfer. Inputs to 

Ne\work management system 102 include the allowed modulation types for each terminal T Thus. when control uni1 

70 of a base station 40 allocates a channel to a par1icular terminal T, control unit 70 knows beforehand which rnodula1ion 

types are allowed due to the interference situation 
45 [00:29] The inputs to Network panning processor 11 o include the locations of tile base stations Band the terminals 

T; the particular antenna patterns empioyed; basic link parameters s1.;ch as power densities avaiiabie; and modulation 

sensitivities sucr1 as CiN and C/: requirements. in addition, in an FBA (Fixed Bandwidth Allocation) mode, the inputs 

inciUiJe the capacities (bitrntes) needed per terminal. 

[0030] As the notion of modes has been broached above, it should be mentioned that the invention can operate in 

50 either of two modes of operation. In the FBA (Fixed Bandwidth Allocation) mode, each spec;fic terminal is allocated a 

specitic capacity (bitrate), modulation type, bandwidth and trequency once and for all. in the Dynamic Bandwidth Al

location (DB/\) mode, each terminal is allocated a capacity, modulation type and bandwidth by controller 70 according 

to the acluai need at every mornerrt. In the OBA mode any terminai can change allocated frequency with time as the 

system tries to move the users to make optimum usage of the total bandwidth. 

55 [00:31] Mention is also often made herein to "modulation types". Five different examples of modulation types and 

corresponding characteristics are shown in Table I. 
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TABLE I 

Example Modulation Types and Corresponding Characteristics 

Modulation Type C/N C/1 Efficiency Relative range 

QPSKl, 6.5 9,5 0,85 

QPSK 3/4 9 12 1.30 016 

Qf)SK 7/8 11 14 1.50 0.60 

8 TCM 2/3 11.5 14.5 1.70 0.55 

16TCM 3/4 18 21 2.50 0.26 

In Table I, the C/1 ratio are the values for 3 dB degradation of tile noise threshold. Tllis difference is necessary in C/1\J 

and C/1 is 11.5 dB for the 1wo extrernes. Tl1e bandwid111 rnquirnmen1s am differing by a factor of 3 and !he rang!l by a 

factor of almost 4 between the most robust and the most bandwidth efficient modulation. 

[0032] Fig. 4A and Fig. •1B show selected general operations or steps performed by Network planning processor 11 O 

in accordance with the present invention. Prior to performance of the steps shown in Fig. 4A and Fig. 4B, it is assumed 

four preliminary steps have occurred. 

{0033] As a first preliminary, tr;e sites and the needed capac!ties in number oi 64 kb/s lines per site are defined. As 

20 a second preiiminary, tt;e base station sites Bare found by overall considerations of capac!ty and coverage. For se-

lec1.ion of appropriate siles, use is made of line of sight (L.OS) coverage d!agrams in Ne1work plann!ng processor 11 O. 
The base station sites are sectorized and the different sectoi-s are allocated different polanzalions. As a third prelin·,!na.ry 

terminal sites are allocated to the different base stations. /1,s a fourth preliminary, rain zone and 1he requirements on 

unavailable time (LI.AT) and link quality are defined. Typical other link quality requirements are defined in ITU-T:s Rec 

25 G 82i. For radio link calculations different rain zones are usect as also deiined by ITU. 

{0034] Assuming tt,at ttw foregoing preliminariE;s have been performed, Network planning processor 11 O €:Xecut,is 

the general steps shown in Fig. 4A and Fig. 4B Execution begins with selection of a power siraterJY, as depicted by 

steps 400 and 402. 

{0035] At step 400 a base station's tmnsrnit power density (i.e. power transmitted per Hz bandwidth) is selected to 

30 be constant for all bitrates and modulation types. Tl,is implies tl1at all bitrates transmitted with one specific modulation 

type have the same range. However a more bandwidth effective modulation type will have a sho1ier range since it will 

be less robust [require a hi[Jher signal to noise ratio C/N 01· signal to noise and in1erference ratio Ci(N+I)]. 

{0036] At step 402 tt;e transmit power dcrnsity of a wrrninal is sE:lected to bE: constant for ali bitrntE:s ancj for all 

rnodulalion types measured at the: rangEi limit of the respective modulatkin type. With deicreasing d1s1ance from the 

35 terminal to its base station, the pmver density is decreased so that the power density received at the base is constant 

tor all distances. The power density transmitted trom the terminals and also received at the base will differ tor the 

various modulation types with the difference in the C/(1~+1) required ior the respective modulation types. 

40 

45 

{0037] Ir; considering tl1e power selection steps 400 and 402, a typical power density for a base station could bee. 

g., .. 50 dBrn/Hz bandwidth for all modulation lypes. For a t,mninal, power densily wi!i vary depeindin[J on ils distance 

10 the base station, e g., for a QPSK Y, modulated link the power density could be -70 dBm/Hz at the range lin1it and 

would then decrease with distance to result in a constant received power density at the base (the power density would 

typically decrease with 6 dB for half the distance). For a 1 f..l TCM 3/4 link, the power density would be 11.5 dB higher 

corresponding to the difference in C/1 requirements lor a 16 TCM terminal a1 the same range as a terminal using 

Q PSK 1/ 2 Tr1is implies that the power density received at ti1e base station would be 11.5 dB r1igher for the 16 TCM 

1erminal 

[0038] At step 404, a maximum range is calculated for each oi the various modulation types. At this calculation a 3 

dB degradation of the noise threshold is allowed for interference from other links (th is means in the C/(N+ 1) ratio that 

l=NJ. The coverage calculations of step 404 are straight torward calculations in microwave link technology which are 

understood by the person skilied in tl,e a11, and accordingly are not described l,ere in further detail. Typical coverage 

50 raniies vary with frequency band. In 10.5 GHz, which is a typical band allocated by ITU for poin1 lo multipoint services, 
distances are arouncJ 1 O l,m for rnocJulation type QPSK ½ and shoncr for the more sensitive mocJulation types, e.g , 

2·-3 km for 16 TCM 3/4. in higher frequency bands, e.[J. ·18 and 26 GHz, ranges are shorter due lo the attenuation effect 

of rain (which is higher with h;gher frequency). A. spec;al case could be that the cell rad;us is selected so small that all 

modulation types have enough range 

55 {0039] At step 406 the minimum bandwid1h modulation type is aliocated 1o each terminal in dependence on its range 

from tt,e bas,i station. Tt;us, dcipcncjing on thEl rangci ol thci wrm nal sitE:s, n1e diffcirent linl,s arn allocat,id a rnodulation 

scherne which compli,is with the rnaximum range: for 1hat modulation and which uses minirnurn bandwidth. 

[0040] At step 408, for each terminal a calculation is performed of the C/1 ratio, where C represents the desired signal 
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from the own base station sector and I the interference from each other t1ase stat!on sector, The ,nterference rrom all 
other (sector) base stations is caiculated taking the polar!zations, antenna patterns (these have diagrams for both 
copolar and cross polarizations) and assigned power density into account These interterences are added togetl,er to 
obtain the "I'' of the C/I ratio, 

5 [0041] At step 410, for each terminal the calculated C/I is ci1ecked to determine if it is greater than tl,e minimum 
required C!L Here the C/I values that represent a 3 dB degradation of the noise threshold should be used to comply 
with the coverarJe caiculation of step 404 If the required C/i is not satisfied when checked at step 410, for any terminal 
faiiing the check the next lower (more robust modulation type) is seiected forth at terminai (step 412), If a further check 
(step 414) whether the C/I ratio is greater than the minimum, it is detennined that no rnodulatio11 type wiii satisfy the 

10 condition and tr1e terminal is designated at step 416 as a proolem terminal to be handled separated (e,g,, such a 
problem terminal could be denied service or allocated a separate frequency from the total available bandwidth), 
[0042] As an exarnpie of the ioregoin;J, suppose tha1 at step 410 the C/I is caiculated 10 be 13, Such C/I ratio is 

permissible if the seiected modulation type is QPSK ½, wh!c:1 requ!res 9 5 dB, On the other hand, !f the selected 
modulat,on type were 16 TCM 314. which requires 21 dB, the nearest most robust modulation type compatible with C/ 

1r, 1- 13 dB would be QPSK3M, Thus QPSK3!4would be selected instead of 16TCM 3/4, in connection with step 412, 
it shouid be noted that a change from one modulation type to another will not affect the C/I caiculations just performed 
as all moduiation types are transmitted with the same power densi1y, 
{0043] A1 st,ip 418 (see FifJ, 4B) th,, C/i ratios at the basE, stat!ons are caiculated (Le,, C!i calcuiations are mad,i 
from each terminai to !ts base), For each terminai, the desired signai C is compared to the rece!ved interference s!gnals 

20 I from other terminais, Note here that with;n each sector only one terminal wiii work on a specific frequency, Thus one 
link at the base station will only be interfered by a maximum of one terminai in each sector, With normai cell pians it is 
not li~ely that more than two terminals wiii contribute significantly to the interference, Thus it will be sufficient as a worst 
case to add a 3 dB margin to the inter!erence level from the worst terminal, 
[0044] At step 420 a check is made et the base station whether the received interference power density is below this 

25 maximum for each terminal, if not, at step 422 the terminal is aliocated the next more robust modulat!on type, wh!ch 
wi!i mean that the terminal wiii decrease its transmit power density, Atter a furtl,er check ior such terminai at step 424, 
any terminal that can not be made to satisty the condition on maximum interterence power is marked as a probiem 
terminal (step 426) and is treated separately as described above, 
[0045] The present invention does not lead to a iarge number o1 calculations, By observing tr1a1 (1) the received 

30 desired signal Cfrom each terminal !s constan1 for a specific moduiation type (see step 402); and (2) that the difference 
in received s!gnal ievei for the various modulation types correspond to the difference in roquimd ratio C/I, it can be 
der!ved that the maximum aiiowed interference levei is constant for ail modulat!on types 

[0046] in connect;on with even numbered steps 418 through 426, tis to be noted that tl1e wanted s;gnal at a base 
station is always received with the same ievei for each specific modulation type, For a 16 TCM 3/4 modulated link, 

35 however, the received level is 11,5 dB higher than for a QPSK 1/2 modulated link, As the allowed carrier to interference 
ratio C/i forthe 16 TCM 3/4 link is 11,5 dB higherthan for the QPSK iink it can be conciuded t!1at the maximum ail owed 
inter1erence le;vel is 1hE, same for ali rnocjulation types, Thus, in order 10 check the C/I for 1he uplink frorn the tmrninals 
to the base stations, it is sufficient to calculate the received interierence signal at the base station, For example, it the 
nominai wanted signai Cat the base is -140 dBm/Hz for a QPSK % !ink, the maximum interference signai ievel wouid 

40 be -140-9,5 = - 149,5 dBm/Hz for aii modulation types, Thus, if the calculated interierence signal ievei from terminal 

T2 were -145 dBm/Hz, it would have 10 be reduced, It the modulation type for terminal T2 were e,g,, 16 TCM 3/4, the 
interierence level could be reduced by selecting a more robust modulation type, which wouid have a lower power 
density at the same range, To be not higher that the maximum -149,5 dBm/Hz the inte;rference; signai level must be 
reduced by 4,5 dB, This couid be done by select!ng the modulation 8 TCM 2/3, which wouid reduce the interferenrn 

45 level by 6,5 dB (decoupling by moduiation type), If it would not be possible to find a more robust modulation that reduces 
the interference levei enougl,, the terminai would be marked as a problem terminal (step 426) and could, e,g,, be 
allocated a special frequency band, not used in the inte,fering sector (decoupling by frequency), 
[0047] A special problem for the uplink (term!nal to base) is 1hat terminais from different sectors may add interference 
s,gnais and it is diff!cult to know wh ch term!nals contribute (work on the same frequencies), This is typical for the DBA 

50 mode, However, it is not likeiy that more than two terminals wiil contribute simultaneously, Thus by using a 3 dB ma1·gin 
in the maximum allowed interference level the problem wili be taken into account MoI·eover, instead ot us;ng the f;gure 
-149,5 dBm/Hz as tl,e maximum allowed interierence signai levei, the figure -152,5 dBm/Hz shou id be used, 
[0048] Upon completion of eitr1ec steps 420 or 424, the bitrate and modulation type for each terminal is be clear, 
Then, at step 428, when in the FBA mode, a specific frequency and bandwidth is allocated 10 each link, aiiowing for 

55 appropriate guardbands between the links, The links should basically be packed froni naITow to broader channels, it 

should be understood that step 428 is executed only for the FBA mode, For the DBA mode the aliocation of bitrate, 
modulat;on type and bandwidth is done momentarily by the control unit 70 in the sector, 
[0049] At step 430 it is determined whether a newterminai is to be added to the system, When adding a new terminal 
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10 the system, steps 432, 434, and 43fi are executed. These steps are similar to operations discusse(j above, in tha1 

for the new terminal: (1) a modulation type is determined with regard to range [step 432], (2) the C/I is checked from 

all base station sectors and the modulation type adjusted if necessary [step 434], and, (3) the interference level is 
checked in each base station sector from the new terminal and the modulation i:ype is adjusted if necessary to corn ply 

5 with tl1e maxirnum allowed interference density at tl1e base [step 436]. Network planning processor 21 o can continue 
to operate in a ioop awaiting additions of other terminals as sl1own in Fig. 46. 

[0050] The above--described operations and calculations o1 Fig. 4A and Fig. 48 are performed by t~etwork planning 
processor 110 and the results tl,ereof passed to conirnl urnts 70 of the various base stations. In the DBA mode, for 

each terminal the highest possibie modulation type is specified It is then up to the control units 70 to decide the actual 

10 modulation, bandwidti1 and frequency to use. Tr1e suggested highest possible modulation types are preferably Inputted 
to controi units 70 via tl1e net\lvork management system 102. 
[0051] Thus, the invention concerns a point to multipoint rndio access system, compris ng a number of sectorized 

base station Sites and a number cf subscriberterminals located within the coverage area o1 the base station sites. The 
radio links between subscI•iber tenninals and base stations ali work within the same frequency band. From sector to 

1r, sector the base station antennas altemate between veItical and l1orizontai polarization in a systematic way to minimize 

the potential interference areas. in accordance with the Invention, the links connecting a base station site to the sub
scriber terminals can be allocated differing capacities and differing modulation schemes seiected from a number of 

choices. Of the modulation schmnes, th,i most robust schermi c:ormsponcjs to the wicjest bandwidth ne,ided fo;· a 
speci1ic bitrate and aiso to the largest range possibie. The least robust modulation scheme corresponds to the most 

20 narrow bandwidth needed foI· a specific bitrate and also the min;mur11 possible range. 

[0052] Characteristics of the system and method thus include the foilowing: 

(1) the base stations transmit with constant power density for all specific modulation types. 

25 (2) the terminals transmit with constant power density for ali brtrates and for ail modulation types measured at the 

range iimit ot the respective modulation type and decrease the power density with decreasing range to the base 
station so that the power densi,:y received at the base station is constant for ail distances for a specific modulation 

type; 

30 (3) at a given range the transrrn11ed power density from a terminai wiil differ for different modulation types corre

spon,Jing to the differences n C/(N+I); and 

(4) the individual imks to the terminals are designated a modulation type that is consistent with its range to the 

base station, the C/(N+I) trom the various base stations and a maximum allowed interterence level received at the 
35 base stations which is consistent with the required Ci(N+i) and which occupies the least bandwidth. 

[0053] Thus, 1he present inven1ion advan1ageously provides a sirnple method to allocate modulation type, power 
strategy and bandwidth to each rad;o link in a point to multipoint system including the feature of ailowing for various 

modulation types, considering the required coverage range, tl1e minimum bandwidth requirement and the foreseen 
40 interierence situation. The operation and aliocation of the present invention is without undue consideration of other 

links. which could easiiy lead into countiess iterations back and force before a satisfactory solution is acl1ieved. The 

present invention also facilitates a system with dynamic channei allocation. 
[0054] While the invent!on has been paI1icularly shown and described with reference to the preferred embodiments 

thereof, it will be understood, for example, that the poiarizat!on scheme forthe antennas need not necessanly system-
45 atically aiternate by sector between vertical and horizontal poiarization. MoI·eover, the radio links can operate in more 

than o,1e frequency band. e.g., two frequency bands. 

Claims 
50 

1. A method of allocating radio link characterist;cs in a point to multipoint radio access system, the pomt to multipoint 
radio access system comprising a number 01 base stations including a selected base station connected by a 
piurality of radio links to a cor•·esponding plurality o/ subsc1·iber terminals located within respective coverage areas 
of the selected base station, at least some of H;e plurality of radio links being Within a same frequency band, 

55 characterized in that !he method compnsing: 

for the selected base station (40, 81, 82), selecting a base station transmit power density which, for eacl1 of 
a piurality of modulation types, is constant tor all bitrates (400) 
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for each of the plurali1y of subscriber terminals (Tl, T2) located within the coverage area of the selected base 

station, selecting a terminal transmit power density which, for each of the plurality of modulation types, is 
constant for all bitrates (402); 

determining a maximum range tor each of the plun3.lity oi modulation types (404): 

for each of the plurality of subscriber terminals, alloca1in[J a modulation type ta the corresponding rarfo link 
dependent upon range trom the selected base station (406), 

determining, for each of the plurality of subscriber terminals (T1, T2), whether at the subscriber terminal there 
is an acceptable signal quality and, if not, allocating a next lower order modulation type to the radio link cor
respondintJ lo the subscriber terminal which does not have the acceptable signal quality (408,410, 412); and 

determining at the selec;ed base station (40, 81, 82) whether there is an acceptable signal quality with respect 
to each of the plurality of subscriber terminals and, if not, allocating a next lower order modulation type to the 
radio link corresponding to the subscriber terminal with respect to wi1ich there is not the acceptable signal 
quality (418,420,422). 

2. The method of claim 1, further comprising ailocating frequencies within the same frequency band and bandwidth 
20 to each of the plurality of rad o links. 

3. :be method of ciairn 1, wherein the acceptable signal quality is indicated by a signal to noise and interference 
ratio [C/(N+l)J. 

25 4. The method of claim 1, wherein for a!! modulation types there is constant power density for all bitrates measured 

at range limits of the respective modulation types, wherein the power density decreases with decreasing range to 
the selected base station (40, B1, B2) whereby the power density received at the selected base station is constant 
for all distances for a specific modulation type, at a given rnnge the transmitted power density from tl1e selected 
subscriber terminal (T1, T2) differing lor different modulation types in accordance with corresponding differences 

20 ir the slrJnal quality. 

35 

5. The method of clain, ·1, wherein a rnos1 robust modulation type corresponds to a widest bandwidth needed for a 

specific bitrate and aiso to a argest range possible, and a least robust modulation type corresponds to a most 
narrow bandwidth needed for a specific bitrate and also a minimum possible range, 

6. :he method of claim 1, wherein ti1e base stations are provided witl1 antennas, which systematically alternate by 
sector betwe;en vmtical (V) and horizontal (H) polarization to minirnize potential interferencei, 

40 Patentanspruche 

1. Verfahren zur Zuweisung von FunkverbindungselgenschaBten in einem Punkt-zu-Mehrpunkt-Funkzugangssy

stern, wobei das Punkt-zu-Meh1·punk!-·FunkzurJangssys!ern eine Anzahl von Basisstationen, einschlieBlich einer 
gewahlten Basisstation, umfaBt, die durch eine Vie!zahi von Funkverbindungen rnit einer entsprnchenden Vielzahl 

45 von Teilnehmerendgeraten verbunden sind, die sich in jeweiligen Versorgungsbernichen der gewahlten Basissta

tion befinden, wobei zumindest einige aus der Vielzahl von Funkverblndungen In einem gleichen Frequenzband 
sind, dadurch gekennzeichnet, daB das Verfahren umfaBt: 

50 

55 

flir die gewii.hite Basisstation (40, 81, 82), Wahlen e ner Basisstations-Sendeieistungsdichte, die fur jeden 
aus einer Vielzahl von Modulationstypen bei alien 8itraten (400) konstant 1st; 
fUr jedes aus der Vielzahl von Teiinehmerendgeraten (T1, T2), die sicl11m Versorgungsbereich der gewahlten 
Basisstation befinden, Wahlen einer Endgerat-Sendeleistungsdichte, die fur jeden aus der Vielzahl von Mo
dulationstypen bei alien Bitraten (402) konstan! ist; 
Bestimrnen einer maxlrnalen Reiohweite fur jeden aus der Vielzahl von Modulatior;s1yper1 (404); 

fDr jedes aus der Vielzahl von Teilnehmerend[Jeraten, Zuweisen eines Modulationstyps der entsprechenden 
Funkverbindung in Abhangigkeit von der Re1chweite der gewahlten Basisstation (406): 
Bestimmen tor jedes aus der Vielzahl van Teilnehmerendgeraten (T1, T2), ob am Teilnehmerendgerai eine 
annehmbare Signalqualitat vorhanden isl, und wenn nicht, Zuweisen eines Modu ationstyps der nachstnied-
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rigeren Ordnung an die Funkverbindung entsprechend dem Teilnehmerendgerat, das keine annehmbare Si

gnalquaiitat hat (408,410, 412); und 
Bestimmen an der gewaiilten Basisstation (40, B1, B2), ob eine annehmba1·e Signaiqualitat vorhanden ist in 

bezug auf jedes aus der V eizahl von Teiinehmerendge,liten, und werm nicht Zuweisen e:nes Modulationstyps 
der nachstniedrigeren Ordnung an die Funkverbindung entsprechend dem Teilnehmerendgerat, bei dem die 
armehmbare Signaiqualitat nicht vorhanden isl (418. 420. 422). 

2. Verfahrnn nach Anspruch 1, femer m;t dem folgenden Schritt: Zuweisen von Frequenzen im gleichen Frequenz
band und in der gleichen Frequenzbandbreite an jede aus de,· Vielzahl von Funkve1"bindungen. 

3. Verfahren nach Anspruch 1 wobei die anne!1mbare Signaqualit;:\t durch ein Signal-Rausch und Stor-Verhaitnis 

[C/(N + I)] an;iegeben wird. 

4. Verfahren nach Anspruch 1, wobei t(ir aiie Moduiationstypen sine konstante Leistungsdichte bei alien Bitraten 
1r, vorhanden ist, die in den F1eichweitegrenzen der jeweiiigen Moduiationstypen gemessen werden, wobei die Lei

stungsdichte rnit abnehmender Reichweite bis zur gewahiten Basisstation (40. B1, B2) abnimmt, wobei die Lei

stungsdichte, die an der gewahlten Basisstaticn empiangen wird, mr alie En1fornungen fur einen spezifischen 
Modula!ionstyp konstant ist, wobei bei eir;er ge1Jeb€men Reic:t,wei1e die Ser1deleistungscjict1te vorn gewat111en Teil

nehmerendgeral (Ti, T2) turverschiedene Moduiationslypen gemaB entsprechenden Unterschieden der Signal-
20 quaiitat unterschiedlich ist 

5. Ve,fah;-en nach Anspruch 1, wobei ein robustester Modulationstyp einer fur sine speziiische Bitrate beno1igten 
breitesten Bandbreite und auch einer moglichst gr6Bten Reichweite entspricl1t, und ein arn wenigs1en robuster 

Modulalionstyp einer fur eine spe2ifische Bitrate benoti(Jlen schmalsten Bandbreite ur,d aud1 einer mogli,:;hst iie--

25 ringen Reichweite entspricht. 

30 

6. Ve,fahrnn nach Ansprnch 1, wobei die Basissiationen mil Antennen versehen sind, die systematisch urn einen 

Sektor zwischen einer vertikaien (V) und einer horizontalen (H) f"oiansation alternieren, um die potentielle lnter
ferenz zu minirniereri. 

Revendications 

1. r,rocede d'allocation de caracteristiques de liaison radio dans un systeme d'acces radio point a multipoint, le sys-
35 teme d'acces radio point a multipoint comprenant uncertain nof'lbre de stations de base incluant une station de 

base seiectionnee qui est connectee au rnoyen d'une pluralite de liaisons radio a une piuralite cmrnspondante de 

terrninau:< d'abonne,s qui son, localises ,) l'interieur de zones de: couverturn respectives de la station de base 

seiectionnee, au moins certa;nes de la plural;!e de lia;sons radio etant a l'interieur d'une meme bande de frequen-

ces, caracterise en ce que le procede comprend· 
40 

45 

50 

55 

pour la station de base seiectionnee (40, B1, 82), laseiection d'une densite de puissance d'emission de station 

de base qui, pour chacun d'une pluralite de types de modulation, est constante pour tous les debits de bits 

(400); 

pour chacun de la pluralite de terminaux d'abonnes (Tl, T2) qui sont localises a l'mterieur de la zone de 
couve11ure de la station de base selection nee, la select;on d'une densite de puissance d'emission de terminal 

qui, pour chacun de ia pluralite de types de modulatior, est constante pourtous ies debits de bits (402); 
la determination d'une piage maximum pour chacun de la piuralile de types de modulation (404); 
pour d1acun de la plura!ite de terrninaux d'abonne,s, l'aiiocatien d'un type de modulat:on il la liaison radio 

co1-respondan1e en fonct on d'une piage par rappo11 a la station de base selectionnee (406): 

la determination, pour chacun de la pluraiite de 1erminaux d'abonnes (T1, T2), de si oui ou non, au niveau du 

terminai d'abonne, ii y a une qualite de signai acceptable et st ce n'est pas le cas, !'allocation d'un type de 
modulation d'ordre pius faibie suivant a ia iiaison radio correspondant au terminal d'abonne qui ne dispose 

pas de la quaiite de signal acceptabie (408,410, 412); et 

la determination, au niveau de la station de base selectienr1e0 (40 B1; 82), de si oui ou non ii ya une qualite 
de signai acceptable par rappo11 a ,:;hacun de ia pluralite de terrninaux d'abonnes et si ce n'est pas le cas, 

l'ailocat1on d'un type de rrodulation d'ordre plus faibie su;vant a la liaison radio correspondant au terminal 

d'abonne en reiation avec lequel ii n'y a pas la qualite de signal acceptable (418, 420, 422). 
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2. Procede selon la revendicat on 1, comprenant en outre l'allocation de lrequences, a l'interieur de la meme bande 

de frequences et de la meme larrJeur de bande, a chacune de la pluralite de liaisons radio. 

3. Procede selon ia revendicat on 1, dans iequei la qualite de signal acceptable est indiquee au moyen d'un rapport 
5 signal sur bruit et intelierence [C/(N + I)]. 

4. Procede selon la revendicafon 1, dans lequel, pour tousles types de modulation, ii ya une densite de puissance 
constante pour taus les debits de b;ts mesures pour des l;mites de plage des types de modulation respectifs, dans 

lequel la densite de puissance diminue avec une plage decroissante sur la station de base selection nee (40, 81, 

10 B2) et ainsi, la densite de puissance qui est re9ue au niveau de la station de base selection nee est constante pour 

toutes les distances pour un type de modulation specifique. et pour une plage donnee la den site de puissance 
emise depuis le terminal d'abonne selec1ionn,§ (T1, T2) diiferant pour differents types de modulation coniorrnement 

a des di1ferences correspondantes au niveau de la qualite de signal. 

1r, 5. Precede selon la revendicat on 1, dans lequel un type de modulation le plus robuste correspond a une largeur de 

bande la plus large necessaire pour un debit de bits specifique et egalernent a une plage possible la plus grande 
et un type de modulation le ,noins rnbuste correspond a une largeur de bande la plus etroite necessaire pour un 

debit cje bits specifique et ega!,irnen1 un,i pla;ie poss!ble min!rnurn. 

20 6. r,rocede selon la revendication 1, dans lequel les stat;ons de base sont munies d'antennes q1.;; sont en alternance 

25 

30 

35 

40 

45 

50 

55 

de fa9on systematique, au moven d'un secteur entre les polarisations verticaie (V) et horizontale (H) atin de mi
n:mise1· une inte1ference potentieile. 

10 
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Besc:hreibung 

Stand der Technik 

de!. Aus K. Pazel e1 ai.: A Concept of Digital Tewestr!al 

Television Broadcasting, Wireless Personal Communi

cations Kluwer, Vol. 2, Nr. i bis 2, Seiten 9 bis 27 ist es 

bekannt. HDTV-Signale in drei Stuten mit unterschied-

[0001] Die Erfindung gel1t aus von einem Verfal1ren 5 iichen Codierungen bereitzustelien, um eine "graceful 

zur Vergrof3erung der mit einern Multitr:ci.ger-Obertra

gungsverfahren ijber Rundfunk ijbe1iragenen Datenra-

degradation" ernpfangerseitig zu ermoglichen. Darn!1 

iiegt das gleiche Signal verschieden aufge!<'ist vor Es 

konnen dabei Modulat1onsverfahren wie QPSK und te, sowie einem Sender und einem Empfanger, insbe

sondere stationare Gerate, nach der Gattung der unab

hangigen Anspruche. 

Aus dem Stand der Technik ist die Ubertragung von di

gitalen Oaten nach dem ETS 300 401 bekann!, der ent

wickeltwurde um den rnobiien Multimediaempfang liber 

terrestrische, digitale Rundfunksysteme zu standardi

s:eren. Dieser zunachst fur den Horfunk konzipierte 

Standard DAB (Digital Audio Broadcasting) eignet sich 

auchiiirdiemobiie Femsehubertragung. Beim DAB-Ver

iahren biot,l1 sic:t1 di() MiiglichkE:it, di() fl()Sarme Band

brnite von 1,5 MHz fur die Datenubertragung von Vide

odaten zur Verfugung zu stellen. So k6nnen Oaten mit 

einer maximalen Datenratevon ungefahr 1,8 Mbii/s zum 
rnobilen Empfanger ubertragen werden. Diese Oaten-

OAM ven.vendetwerden. Dies ermoglicht insbesondere 

10 Empfang durch stationare und mobile Empfanger mit 

angepassten Ernpfangsqualitaten. 

Vorteile der Erfindung 

15 [0003] Das erfindungsgemaf3e Verfahren mit den 

kennzeichnende11 Merkmalen des Hauptanspruchs 1 

hat demgegenliber den Vorteil. die Obertragene Daten

ra1e zu orh6ri,rn, ind,irn 2wei Datens1rorno gmrorm1 von-

einander moduliert und anschlieBend vor der Ubertra-

20 gung kombin1ert werden. Mit der zusatziichen Modula

tion lassen sicl1 die Datenraten stark steigern. Durch 
das erfindungsgernaBe Verfahre11 isi es moglich, daB 

ein Empfii.nger, der nur Oaten, die rnit einem ersten Mo-rate erlaubt unter Einsatz bisi1er:ger Kompressicnsver

fahren (MPEG) eine gute Qualitii1 auf Bildschirmen, wie dulationsveriahren moduliert werden, empfar;gen kann, 

25 die Oaten prnbiemlos empiangt, wahrend ein weiterer, s,e bei mobilen Geraten eingesetzt werden. Da ein liber 

DAB ausgestrahltes Fernsehprog!-arnm auch stationar 

emp1ar1gen wer·den kann, konnen bei den wesenilich 

groBeren Bildschinndiagonalen, Kodierungseffekte, 

Unschicirfe oder Blcckbildung sicr1tbar werden. Fur eine 

Darsteliung auf griif:leren Bildschirmen ist e!ne griif:lere 30 

Datcnuticrtragungsrntc nctwcn,jig. Aus "XDAB Einc 

abwa,iskampatibie E1weiterung des DAB-Standards /Dr 

Multimediaanwendungen". Kleinl1eubacher Berichte, 

1996, G. Zimmermann u. H. Schulze, ist eine Erweite
rung des DAB-Verfahrens bekannt, wobei ein kodiertes 35 

8-PSK-(Phase Shift Keying) Vmfahren als Modulations

verfahren aniiewendet wird. Diese Erwe:iterung das so-

genannte X-DAB b,etet die Miiglichkeit, die mobil zu 

emp1angenden Datenraten um 20 % zu erliohen. Das 
Modulat:onsverfahren macht es allerdings 1ur bisher 40 

konventio11elle DAB-Empfanger unmogiich, die Signale 

zu ernpfangen. 

z. B. stationarer Ernpfangerdie Dalen, die rnitdem zwei

ten Mcdulationsve!fahren moduliert werde11, zusatzlich 

verarbeiten kann. Dadurch wird das Ubertragungsver

fahren an die !m Augenblick gegebenen Modulations

verfahren angepaBt, wahrend es gleichzei1ig zusatzli

c!lc ln1ormationcn fiir vcrbcsscrtcn Emptang iicfcrt. 

[0004] Durch die in den Unteransprikhen aulgernhr

ten Maf3nahmen ist eine vorteilhafte We,terbildung und 

Verbesserung des im unabhangigen Anspruch angege

benen Verfahrens moglich. Besonders vorteilhaft isl es, 

wenn die Oaten des zweiten Teiidatenstroms mit einer 

Arnplituden-Moduiation oder andemn altenna1iven Mo

dulationsver/ahren moduiiert werden. 

[0005] Vorteilhaft ist es weiterhin, daf3 die Daten des 

ersten Teildatenstroms einer DOPSK-Modulation (Diffe

mntial Quadratum P!1ase Shift Keying) unterzogen wer

den. Dadurch ist es fur konventionelle Emplanger des 

CAB--Verfahrens miiglich die: Oaten ,Jes e:rsten Teilda·-

tenstroms zu empfangen 

[0002] Aus EP 616 454 ,1\ 1 ist ein digilales lJbertra

gungsverfahren bekannt, das eine sogenannte Multi

Resolutlon-Modulation ennogllcht. Dabei konnen Daten 

mit unterschiediichen Modulationsvertahren moduliert 

4.5 [0006] Vorteilhafter Weise enthal1en die Oaten des er-

werden. Aus K. Ramchandran et al.: Multiresoiution 

Broadcast for Digital HDTV Using Joint Source/Channel 

Coding, IEEE Journai on Selected Areas in Communi

cat!ons, New York, US, Vol. 11 Nr. 1, Seiten 6 bis 22 ist so 
ebenfalls die Ve1wendung der Multi-Resolution-Modu

lation fi.ir die Obertragung von digitaie11 HDTV-Signalen 

bekanni. Auch R. Kays: l<analcodierung und Modulation 

fur die digitale Fernsehubertragung, Fernseh- und Kinc

technik1 VDE Ver!ag, Berlin, VoL 4E, 1 Nr 3, Seiten 109 55 

bis 114 ze;gt die Vervvendung einer hlerarcl11schen 

Ubertrngung eines HDTV-F;rogramms in einem 8 MHz

l<anal. Dabei wird eine Multi-r-1eso ution-QAM ve1wen-

2 

sten Teildatenstroms aile notwendigen lnfcrmationen, 

um z. 8. ein Fernser1bild in einem mobiien Ernpfanger 

darzus1ellen. Der zwe!ie Teilda1enstrom enthalt zusa1z

iiche informa1ionen, d!e zu einer besseren Bildqualitiit 

111 einem stationaren Empfanger verarbeitet werden 

konnen. 

[0007] Der erfi11dungsgemaf3e Sender zur VergroBe
rur;g der Obertragenen Datenrate mit den ke11nzeich

nender1 Merkmaler1 des ur;abhangigen Anspruchs 6 hat 

den Vor!eil, daf3 er zusatziich zu den Bauteilen, die ein 

Sender fur das DAB-Verfal1ren aufweisen muf3, einen 

we,teren Modulator tor den zweiten Teildatenstrom ent

halt. Zusatzlich ist ein Kombinlerer fur die mii den un-
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1erschiedlichen Modulationsve1iahren modu!ierten Teil

datenstrome vorhanden. 

[0008] Vorteiihafter Weise ist der zweite Modulator 

ein Amplitudenrnodulator oder ein aquivalenter Modu

lator. 

{0009] Der erfiridungsgem:me Empfanger 2um Ernp

fang von c-JirJitalen Dalen n1it den kennzeichnenden 

Merkmalen des unabhang;gen Ansprucl1s 8 hat den 

Vorteil. daB er einen Abzweig m,· einen zweiten Teiida

tenstrom aurNeist, in dem ein zweiter Demodulatorvor

handen ist Vorteill1after Weise enthait der Empfanger 

einen Decoder. der die Teilda1enstr6me 2usarnmenHlh

ren lmrin. 

Zeichnung 

[OOi O] Ein Ausmhrungsbeispiel der Eriindung ist in 

Empfang gedacht ist, ha1 eine maxima le Nutzdatenrate 

von e1wa 1.8 MBitis. Der zweite Teilda1enstrom 6f0r den 

stationaren Empfanger, der zusammen mit dem flir mo

bile Teilnehmer gesendeten Teiidatenstrom 7 eine ver-

5 besserte Bildqualitat auf einem grnf3en Bildscl1irm er

rn6glicl,1, betri:igt je nach verwendeter Kanalcodierung 

ebenfalls ca. 1,8 MBit/s. Beide Ubectragungskanale ha-

ben eine maximaie Kapazitatvon ca. 2,3 i'v18it/s. Der fur 

den rnobilen Empfanger bestimmten Teiidatenstrom 7, 

10 sowie der 2usatzlic!ie Teildatenstrom 6 werden wie bis

her im DAB-Sender mit einem auBeren Fehlerschutz 

versehen. Da;,u durchlaulen die Oaten den DVB-Enko

der 8, der in mehreren Schritten den Fehierschutz be

aufschlagt, durch DVB-Energy-Dispersal, au,3eren 
15 Fieed-Soiornon-Code und au,3eren Faltungsinterleaver. 

der Zeichn ung darg,istelit und in der nachfo!;~enden Be

schreibung naher erlautert. Es zeigt Flgur 1 einen er!in

dungsgemaf:len Sender, Figur 2 einen erf1ndungsgema- 20 

Ben Empfanger und Figur 3 eine Darsteiiung des erlin-

Es fol gen iur beide Teiidatenstr6me die im DAB-Verlah

ren vorgesehenen Schri1te fur die LJbertragung im 81-

mam-Mocje_ DiE, Oaten durchlaufen den DAB-Enkoder 

9 derdie Sch rilte DAB-Energy-Dispersal, DAB-Faltu ngs

cod1ng und DAB-Faltungsinterleaver enthait. Im toigen

den DAB-Muitiplexer 12 werden die Dalen des Teilda

tenstroms 7 mit evtl. vorhandenen zusatziichen Au-dungsgemaBen Modulationsverfahrens. 

Beschreibung des Ausluhrur1gsbeispiels 

[0011] Figur 1 zeigt das Schaltungsschema Hir einen 

erfindungsgernaf:len Sender. Auf der linken Seiie er

kennt man die verschiedenen Datenquellen bestehend 

diodaten 2 oder Paketdaten 4 gernischt, und aus der 

Gesamtheit der Dalen der DAB-ubertragungsrahmen 

25 gebildet. Der erste Datenstrom 40 durchiauft einen 

DQPSi\ (Differential Quadrature Phase Shilt Keying) 

-Modu ator· rnit vorgeschaltetern Frequenzinterleaving. 

Der 10,· den stationaren Empfanger bestimrnte Daten-

aus den Videodaten 1, den Audiodaten 2, allgerneinen 

Dater: 3 und Paketdaten 4. Video-. Audio- und sonstige 30 

s,rorn 6 durct1li:iuft den gleichen auf3eren Fehlerschutz 

wie cler erste Datenstrom 7 sowie die DAB-KodierunrJ. 

Im folgcncfon Arnpli1udcnmo,julator 14 warden die cin Oaten wcrdcn in cincn MPEG Enkodcr 5 cingcspc!st, 
der die Oaten in zwei Teilstrbme kodier!. Der· erste Teil

strom 7 durchiauft einen DVB-Enkoder 8 und einen 

DAB-Enkoder 9. Der zweiie Datenstrom 6 wird ebenialls 

gehenden Bits mit einem bestimmten Modulationsver

fahren kodiert. Der darauffoigende Kombinierer 15 kom

biniert die Datenstri:ime 41 und 40 mil den unterschied-

uber den DVB-Enkoder 8 und den DAB-Enkoder ge- 35 lichen Modulationsverfahren zu einern resuliierenden 

Datenstrnm 42, der naci1 der OFDM-Mcdulation Llber 

die Antenne 17 gese:ndet wird. 

mi1rt Weitere Audiodaten 2 weraen Ober einen Audio

enkoder 1 O. den DAB-Enkoder 9 zu e,nem DAB-Multi

plexer 12 geflihrL Die Paketdaten 4 durchiaufen einen 

Pakeimultiplexer 11, den DAB-Enkoder 9 und den 
DAB-Multiplexer 12. Alie Daten des ersten Teildaten- 40 

Figu r 3 zeigi die Damtellung des i'vloduiat;onsverfahrens 

an drei Beispielen. Aufgetragen ist in Figur 3a bis 3c der 
komp!exe F)hasenraum. im komplexen Phasenraum 

s nd die DQPSK-Syrnboie 34 dargestellt. im Beisplei Fi-strorns 40 durci1laufen eine DQPSK-Modulation 13. Der 

zweite Datenstrorn 41 durchlii.uft einen Amplitudenrno

dulator 14 und wi1·d in einem Kombinierer 15 mit dern 

Datenstrom 40 zusammengefUhrt. Die resultierenden 

Oaten 42 durchlaufen einen OFDM-Generato1· 16 und 

werden uber eine Antenne 17 abgestrahlt. 

[0012] Das analoge Femsehsigrial liegt zunachst als 

Kombination aus V!deodaten 1, Aucj!odaten 2; sowie an

deren Oaten 3 vor Dieses Signal wird im MPEG-Enko

der 5 komprimiert. Das kornprimierte Videos!gnal be

steht dabei aus zwei Teiidatenstromen: Dem Low-Defi

nition-Teiidaienstrom 7 iur elne Basis-Biidquailtat, so

wie den Standarddefinltion-Teiidatenstrom 6, der zu

samrnen mit dem Low-Definitior1-Datenstrom 7 eine ver

besserte Bildqualitat hir einen s1ationaren Empfanger 

ermi:iglicht. Die Oatenrate der Teildatenstrbme nchtet 

slch nach der mi:iglichen Ub811ragungskapazitat der 

Teilkanale. Der Teildatenstrorn 40 der fur den mobilen 

gw 3a wird dem zweiten Datenstrom 41 durch eine Am

pliludenmodulation eines von vier morJ!ichen Symboien, 

die als Punkte ausgefUhrt sirid. zugeordnet. Die Zuord-

45 nung entspricht in diesem E',eispiel einer Gray-Kodie

rn ng, d. h. urn Doppeifehier bei faischer Detektion zu 

verrneiden wird so d:..nchnurneriert: daB werm rnan bei 

der Detektion urn ein Symbol danebenliegt, in jeclem 

Fal! ein Bit korrekt empfangen wi1·d. Im Komb!nierer 15 

so werden die DQPSK-Symbole 34 mit den entsprechend 
zugewiesenen Amplituden des Modulators 14 beaut

schlagt. Die daraus resuitierenden Signalpunkte sincl in 

Figw 3a dargestellt. Der relative Abstand der Sigr1al

punkte zuelnander, der durch die Amplitude des Signals 

55 bestin1rnt ist, beeinfiuBt die EmpfangseirJenschaften so

wohl vom mobilen ais auch stationaren Empfanger. So 

bedeutet eine enge Lage der vier ampiiiudenmodulier

ten Signaipunkte zueinander kelne oder eine sehr ge-

3 
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den Low-Definition Tei!s1rom 7 fi.Jr das Videosignal zur 

Vetiugung. Zudem erhalt er die zugehorigen Audioinfor

mationen und evtl. gesendete Oaten. Ein stationarer 

Empfanger kann mit Hilie des zusatzlichen Daten-

ringe Verschlech1erung der mobilen Empfangseigen

schaften auf Kosten der stationaren Empfangseigen

schaften, da ein groBerer Signal-Storungsabstand be

n6tigtwird. Dagegen !assen sich bei zunehmendem Ab

stand der Signaipunkte zueinander, d. h. bei gr6r3eren 

Ampiituden, die Empfangseigenscriaiten vorn rnobilen 

und station Bren Ernpf8.nger geger:einander abvvB.gen, 
Dies ermogl;cht e;ne groBe Fiexibilitat des Ubertra

gungsverfahrens in Bezug auf gewunschte oder vorge

gebene Empfangseigenschaften. Alternativ zu der Am

plitudenmodulation aus Figur 3a ist in Figur 3b eine 

Queidratureampli1udenmoduiation in Verbindung mit der 

DQPSK-Moduiation dargestelit. In Figur 3 c wird die 

Moglichkeit einer Phasenshiltmodulaiion in Kombinati

on mii der DQF'Sl-<-Moduiation gezeigt Alie Modulati

onskombinationen haben die Eigensd1af1, daB die Si

gnalpunkte innerhalb der DOPSK-Symbole iiegen. Das 

bed,iutet, daB ein S1ancjard DAB--Empiii.niier die Signa

le, innerhalb der von den Symbol en vorgegebenen Rah
men empfangen kann. Das bedeutet auch daB ein nor

maier DAB-Empanger von der zusatzlichen Moduiation 

nicht beeinfiuBt wird. 

5 stroms 6 1 Zusatzanteii fUr Standarddefinition, und eines 
hierarchiscl1en MPEG-Decoders ein verbessertes 

Fernsehbiid darstellen. 

100'15] Bei dem erf;ndungsgemaHen Verfal,ren wird 

die vole Kompatibilitat mit der bisherigen mobiien Fern-

10 sehubertragung ilber das OAB-Verfahren mogiich. Oas 

heiBt DP,B-Gerii.te fur den mobilen Femseiiempfang 

ki)nnen sowohi eine einstufige Standarddefini1ion als 

auch die erste Stufe eines hierarchischen Low-De/initi

on/Standarddetinition-Fernsehsignals empiangen und 
15 wiedergeben. Es ist wesentlich einfacher mobile End

gerii.te zur Videoubertragung fur die Bandbreite von 1,5 

MHz zu realisieren, ais Sysieme, die eine griiBe,·e 

Bandbrnit,i erford€iriich rnachen. Durd1 die groB€l Flexi

bilitat der Wahl der Lage der amplitudenmoduiierten Si-
20 gnalpunkte im Hinbi;ck aut gewunscl,te bzw. geforderte 

Empfangseigenschaften der mobi en und der stationa

ren Ernpfanger sind bessere Realisierungen m6glich. 

{0013] Figur 2 stell! das Schaltsd1ema eines eriin 

dungsgemaBen Empfangers dar. Eiri;iangsseilig ist die 

Anterine 17 mit dem AID-Wandler 18 und der Synchro- 25 

nis;erung 19 verbunden. AnschlieBend ist ein schneller 

Four,·:eriransiormator20, und ein DOPSK-Demodulator 

21 einem OAB-Muitiplexer 22 vorgeschaltet. Der 

DAB-Demultiplexer 22 ist Ober einen DAB-Decoder 24 

sowie einem Audio-Decoder 27 rnit der Aucjiosenke 30 30 

und uticrcincn Pakct,Jcmui1iplcxcr28 n1i1 dcr Pakclda 

tensenke 29 verbunden. Videodaten werden in einem 

DVB-Decoder 25 in einem MF,EG-Decoder 26 einge

speist, von wo aus sie mit den Audiosenken 30, mobilen 
Videosenken 32, stationaren V deosenken 33, sowie 35 

weiteren Datensenken 31 verbunden sind. Nach dem 

DQPSK-Dernodulator 21 zweigt ein Signalzweig zu ei-

nem Amplituden-Demodulator 23 ab. Dieser isi llber e;-

nen DAB-Decoder 24 mit einem DVB-Decoder 25 und 

dem M PEG-Decoder 26 verbunden 40 

[0014] Uber die Antenne 17 wird das OFDM-Symbol 

empiangen und irn ND-Wandler 18 einer Anaiog-Digi

taiwandlung unterzogen. AnschiieBend ertolgt die Zeit-, 

Frequenz- und Phasensynchronisation im Synchroni

sierer 19 Das Datensignai wird von der schnellen Fou- 4.5 

rier-Transformation 20 zeriegt und im DQPSK-Demodu

lator 21 demoduliert. Nach d,Jm Demodulator 21 folgen 

fur den mobilen Ernpfanger die Verarbeitungsschritte 

Patentanspri.lche 

1. Verfahren zur Vergrbf3erung der mit einem Muititra

gerUbertragungsverfal1ren uber F{undfun k Obertra

genen Datenrate, insbesondere fUr stationaren 

Ernpfang; wobei digi1ale Dalen ,n zwei Da!enstriime 

gc1cilt wcrcJcn uncj cin crstcr Tcildatcnstrom (40) 
rnit einem ersten Modulatio11s11erfahren (13) n-,odu

lieti wird. wobei em zweiterTeildatenstrom (41) mit 

einem zweiten Modulationsverfahren (14) modu

liert wird und wobei beide Teildatenstrome vor der 

Ubertragung kombiniertwerden, dadurch gekenn

zeic!met, dass beide Teildatm1slrcirne (6, 7) zuers1 

e;nen DVB-Encoder (8) und dann einen DAB-Enco-

der (9) zur Bildung eines DAB-Ubettragungsrah

mens durchlaufen 

2. Verfahren zur VergroBerung der Obertragenen Da

tenrate Ober Rundfunk nach Anspruch 1; dadurch 
gekennzeichnet, dass die Oaten des zweiten Teil

datenstroms (41) eine1· Amplitudenmodulation oder 

einer Quadraturamplirndenmodulation oder einer 

Phase Shift Keying-Moduiation ur1terzogen wer

den 

wie bei einer konventionellen Videoi.lbertragung. Der 

stationare Empfanger ve1wendet ftir den Demodulator 

23 e;ne Ampiitudenschatzung aus dem F'hasenrefe

renzsymbol nach der Synchrnnisierung 19, um die Am

plitudendemodulation durchzufubrer1. Hier werden aus 

so 3. Verfahren zur VergroBerung der (ibertragenen Da-

der Amplitude des komplexen DQPSK-Symbois die 

zwei 1ehienden Codebits gevvonnen, Es folgt die DAB- 55 

kontorme Kanalkodierung im Decoder 24 und die DVB

konfo!rne aur3ere Kanaidecodierung. Der Quelldecoder 

der MPEG-Decoder 26 stelit dem mobilen Empfanger 

4 

tenrate Ober Rundfunk nach Anspruch 1 oder 2, da
durch gekennzeichnet, dass die Daien des ersten 

Teildatenstrorns (40) einer DQPSK-Modulation un

terzogen werden. 

4. Verfahren zur Vergror:lerung der ubertragenen Da

tenrate Ober Rundtunk nach Anspruch 1 bis 3, da
durch gekennzeichnet, dass der zweite Teildaten-
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strom (41) zusatzliche lnlormationen zum ers1en 

Teiidatenstrom (40) enthalt 

5. Verfahren zur Vergr·o:3erung der ubertragenen Oa-

tenrate i.iber f-1undfunk nach Anspruch 1 bis 4, da- 5 

durch gek:ermzeichnet, class die digitaien Dalen 

Fernsehbiider enthalten und im ersten Teildalen

strom (40) Oaten fur das Basisbiid und im zwei!en 

Teiidatenstrom (41) Oaten fur ein Standardbild 

i.ibe1iragen werden. 10 

6. Sender zur VergriiBerung der [jberirafJenen Daten

rate uber Rundfunk, wobei der Sender zur Vernr

beitung der Audio- (2), Video- (1) und sonstigen Oa-

ten (3, 4), Encoder (5, 8, 9 1 10), e!nen Multip!exer 15 

(12) sowie einen ersten Moduiator (13) aufweist, 

wobei ein erster Encoder (5) einen ersten und zwei-

t,in T,iiidatenstrom mzeui~t und ein ZW<li1er Modu

lator ("14) fur den zweiten Teildatenstrom (41) und 

en Kombinierer (15) fur den ersten und zweiten 20 

Teiidatenstrom vorl,anden ist, dadurch gekerm
zeichnet, dass fur beide Teildatenstrome (6, 7) fur 

Claims 

1. Method for increasing the data rate transmitted by 

broadcast radio using a muiticarrier transmission 

method, particularly tor stationary reception, where 
digital data are divided irrto two da1astreams, and a 

first subsidiary datastrea1-r1 (40) is modula1ed using 

a 1irnt moduiation method (13), with a second sub

sidiary datastream (41) being rr,odulaied with a sec

ond modulating method (14), and where the two 

subsidia1y datastreams are combined before trans

mission, characterized in that the two subsidiary 

datastreams (6, 7) first pass through a DVB encoder 

(8) and then through a DAB encoder (9) in order to 

fmm a DAB transmission frame. 

2. Method for increasing the transmitted data rate by 

broadcast radio accord n11 to Claim 1. character
ized in that the da!a m the second subsidiary da

tasiream (41) are subjected to amplitude modula

tion or to quadrature amplitude modulation or to 

phase shiit keying modulation. 

:3. Method for increasing the transmitted data rale by 

de Codierung zuerst ein DVB-Encoder (8) und 

dann eir; DAB-Encoder (9) vcrhanden sind, wobei 

der Sender derart konfigunert isi, dass er einen 

DAB-Ubertragungsrahmen b ldet. 

25 broadcast radio according to Ciaim 1 or 2, charac• 

terized in that the data in tlrn first subsidiary da

tastream (40) are subjected to DO fJSK rnodulation. 

7. Sender zur Verg16Berung der Obertragenen Oaten-

rate i.iber Rund1unk nach Anspruch 6, dadurch ge
kennzeichnet, dass der zweile Modulator ein Am- 30 

pii!.udcnmodulator orJcr cin C!uadraluramplitudcn

modulator oder ein Phase Shift Keying-Modulator 

ist. 

4. Method for increasing the transmitted data rate by 

broadcast radio according to Claim 1 to 3, charac• 

terized in that the second subsidiary dataslrcam 
(41) contains addi1ional information reiating to the 

1irst subsidiary datastream (40). 

8. Emptanger zum Empfang van digitalen Oaten uber 35 5. Method for increasing the transmitted data rate by 

Rundiunk, wobei der Empfanger einen AID-Wand- broadcast radio according to Claim 1 to 4, charac-

Im (18), ein Synchronisationsbau1eil (19), rnne FFT 

(20), einen ersten Demodulator (21 ), sowie Demui

tiplexe1· (22), Decoder (25, 2-1, 26, 27, 28) mi! An

schli.issen zu den jeweiiigen Datensenken (29, 30, 40 

31, 32, 33) aufweist, wobei nacn dem ersten Demo

dulator (21) ein Abzweig fur einen zweiten Teiida

tenstrom (41) in einen zweiten Demodulator (23) 

vorhanden isl und wobei ein Decoder (26) die Teii

datenst1·ome zusammenfi.ihrt, dadurch gekerm- 45 

zeichnet, dass fi.ir beide Teildatenstrome ein DAB-

w1d ein DVB-Decoder (24, 25) vcrgeser1en sind, 

wobel die Teildaienstr·orne zuers1 den DAB- und 

dann den DVB-Decoder (24, 25) durchlaufen. 

9. Empfanger von digitalen Oaten uber Rundfunk 

nach Anspruch B, dadurch gekennzeichnet, dass 
der zweite Demodulator (23) en Amplitudenderno

dulator oder ein Quadraturarnplltudendemcdulalcr 

50 

oder ein Phase Shift Keying-Demodulator ist. 55 

teri:zed in that the di!Jital data contain television pic

tures, and the first subsidiary datastream (40) is 

used to transmit data for the base picture, and the 

second subsidia1y datastream (41) is used to trans

mit data for a standar·d picture. 

6. Transmi1ter for increasing the transmitted data ra1e 

by broadcast radio, where the transmitter has en

coders (5, 8, 9, 10), a multiplexer (12) and a first 

modulator (13) in order to process tile audio (2), vid

eo (1) and oUwr data (3, 4), whem a firsi encoder 

(5) produces a first and a second subsidiary datas1-

ream, and a second moduiator (14) for the second 

subsidiary datastream (41) and a combiner (15) for 

the first and the second subsidiary datastream are 

provided, characterized in that first a DVB encod

er (8) and then a DAB encoder (9) are provided for 

the ceding for the two datastreams (6, 7), with the 

transn1itter being configured such that it forms a 

DAB transmission frame. 

7. Transmitter tor increasing the transmitted data rate 
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by broadcast radio accordir:g to Ciairn 6, charac

terized in that the second modulator is an ampli

tude moduiator or a quadrature amplitude modula

tor or a phase shift keying modulator. 

sont soumises a une modu!ation DQPSf( 

4. Procede pour augmenter le debit de donnees trans

mises par radlodiffusion selon la revendication 1 a 
5 3, 

8. Receiver icr receiving digital data by broadcast ra

dio, where the receiver has an AJD converter (18), 
a synchronization component ( 18), an FFT (20), a 

first demodulator (21\, and also a demullipiexer 

(22), decoders (25, 24, 26, 27, 28) with connections 

to tiie respective data sinks (29, 30, 31, 32, 33), 

where a branch for a second subsidiary datastrearn 

10 

(41) into a second demodulator (23) is provided 

downstream of the first demoduiator (21), and 

where a decoder (26) combines ti1e subsidiary da- 15 

tastreams, characterized in that a DAB decoder 

and a DVB decoder (24, 25) are provided for the 

two subsidiar1 datas1rnams, witt11he subsidiary da

tastreams firs! passing through !he DAB decoder 
and then through the DVB decoder (24, 25). 20 

9. Receiver for digital data by broadcast radio accord-

ing to Ciairn 8, characterized in that the second 

demodulator (23) is an amplitude demodulator or a 

qcJadrature ampiitude demodulator or a phase shift 25 

keying demoduiator. 

Revenclications 

1. Proc6cfo pournurimcntcr ic debit de donn6cs trans 
n1ises par radiodiffusion avec un proc8d0 rJe trans

mission multiporteuse, en particulier pour la recep

tion fixe, seion lequel des donriees numeriques sont 

30 

d visees en deux flux de donnees, un premier fiux 35 

de donnees (40) est module avec un premier pro

cede de mocJulatior1 (13), un deuxiiime flux de don· 

nees (41) est moduie avec un deuxieme procede 

caracterlse en ce que 

le deuxieme flux partiel de donnees (41) contient 

des informations en supplement du premier fiux 

partiel de donnees (40). 

5. Procede pour augmenter le debit de donnees trans

mises par radiodiffusion seion la revendica1ion 1 a 
4, 
caracterlse en ce que 
les donnees nume,-iques contiennenl des images 

de television et des donnees pour !'image de base 

son1 transmises dans le premier flux partiel de don

nees (40) et des cjonrHJes pour une image star;cjarcj 

son! transrnises dans le deuxieme flux pa11iei de 
donnees (41). 

6. Ernetieur destine a augmenter le debit de donnees 

mmsmises par radiodiffusion dans lequei i'ernet

teur presente, pour le traitemer1t des dorrnees audio 

(2), video (1) et autres (3, 4), des encodeurs (5, B, 

9, iO), un multiplexeur (12) ains: qu'un premiermo

dulatew· (13). avec un premier encodeur (5) produi

sant un premier et un deuxieme flux partiels de don

nees, ur1 deuxierne rnodulateur (14) pour le deuxie

me flux psrtiel de donnees (41) et un combins1eur 

(15) pour le premier ct le cfouxicmc f!u)< partial de 

donnees, 

caracterise en ce que 
pour les deux flux partieis de donnees (6, 7), tout 

d'abord un encodeur DVB (8) et ensuite un enco

deur DAB (9) sent presents pour le codage, i'emet

leur ,Hant configure de rnaniere qu'il forme un cadre 

de transmission DAB. 
de modulation (14), les deux fiux de donnees etant 

combines avant ia transmission, 

caracterise en ce que 
les deux flux de dorrnees (6, 7) traverserrt tout 

d'abord un encodeur DVB (8) puis un encodeur 

DAB (9) pour former un cadre de transmission DAB. 

40 7. Emetleur destine a augmenter le debit de donnees 

transmises par radiodiflusion seion la revendication 

6, 

2. Procede pouraugmenter ie debit de donnees trans

mises par radiodifiusion seior1 la revendication 1, 

caracterise en ce que 

les donnees du deuxierne fiux partiel de donnees 

(41) sont soumises a une modulation d'ampiitude 

ocJ une moduiation d'amplitude en quadrature ou a 
urie moduiation ~0 hase Shift Keying. 

3. Procede pour augmenter le debit de donnees trans-

caracterise en ce que 
le deuxieme rnodu!ateur est un rnodu!ateur d'ampli-

4.5 tude ou un moduiateur d'amplitude en quadrature 

ou un f0 hase Shift Keying Modulator. 

8. Recepteur destine a r·ecevoir des donr1ees r1um{:r·i

ques par radiodiffusion, dans lequel !e recep!eur 
so presente un convertisseur A/N (4 8): un con1posant 

de synchronisation (19), un FFT (20), un premier 

demodulaieur (21 ), ainsi que des multipiexeurs 

(22), des decodeurs (25, 24, 26, 27, 28) munis de 

mises par radiodiffusion se!on la revendcation 1 ou 55 

connexions qui aboutisser1t aux drains de donnees 

correspondants (29, 30, 31, 32, 3~J), dans lequel, en 

aval du premier demoduiateur (21) une branche de-2. 
caracterise en ce que 
les donnees du premierfiux partiel de donnees (40) 

6 

rivee pour un deuxieme flux partiel de donnees (41) 
est presente dans un deux:eme demodulateur (23), 
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e, dan;; lequel un decoc!eur (26) reunit les flux par

tiels de donnees, 

carncterise en ce que 
pour les deux flux partiels de donnees, sont prevus 
un decodeur DAB et un decodeur DVB (24, 25), ies s 
flux pa;tiels de donr1ees 1raversar11 tout d'abord le 

decodeur DAB puis le decodeu:· DVB (24, 2fj). 

9. Recepteur de donnees nume,·,ques par radiodirru-

sion selon la revendication 8 10 

caracterise en ce que 
le deu:<ii,me dernodulaieur (23) est un dernodula

teur d'ampiitude ou un demodulateur d'ampHtude 

eri quadrature ou un Phase Shift Keying Demodu-
lator. 15 

20 

25 

30 

35 

40 

4.5 

50 

55 

7 

12 
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disperso, que cornprende: un n1edio para generar, a una veloc!dad de chip predeterminada, una primera senal de ru!do 
pseudoaleatorio (PN) de un primer c¢digo PN predeterminado; un primer medic para combinar la p!"imera senal Pn y una 
primera senal de informaci¢n y para proporc;onar una primera senal de rnodulac;¢n resultante; un med;o para proporcionar 
una segunda seoal de rnodulaci¢n haeiendo retardar la primera senal de rnodulaei,;m en un primer retardo prndeterrninado 
que se relaciona inversamente a la veloc;dad de ch:p; un medio para transmitir selectivamente la primer y la segunda 
sei:tales de rnoduiaci¢n respectivamente a ia primera y la segunda reas de cobertura; mediante lo cual la transrn1s1¢n 
selectiva de ia primera y la segunda senales de moduiaci¢n da por resuitado la variac,¢n en tamaoo de un primer sector 
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A system and method for dynarrncaliy varying traitic 
channel sectorization vvithin a spread spectrum 
communication system is disclosed herein. in a preferred 
implementation the system is operative to convey information 
to at least one specified user in a spread spectrum 
communication system and includes a pseudorandon, code 
generator (50) for generating, at a predetermined chip rate, 
a pseudorandom noise (PN) signal of a predetermined PN 
code. Tt1e Pf\J signal is then combined with a first 
information signal in a spread spectrum transmitter (42) to 
provide a PN spread information signal. The system further 
includes at least one addit:onal spread spectrum transmitter 
(44, 46) each fer receiving through a respective deiay 
element (52, 54) delayed versions of the PN s:gnal for 
providing at least one additional modulation signal A 
switching transmission network (74) is disposed to 
selectively transmit via antennas (85, 86) the first and 
additional modulation signals respectiveiy to a first and at 
least one additional coverage a1-ea. Selective t1-ansrnission 
of the first and the at least one additional rnoduiation 
signai results in variation in size of a first user sector. 
The first user sector is associated with a first set of 
traffic channels, one of which is allocated to the specified 
user. The system may also be configured to selectively 
receive, and coherently combine, first and second rnoduiation 
signals from f;rst and second coverage areas. 
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COM[,N'.l'.Cl..Ct6N llli: ESFEC'rR.o ns DISPERSION 

L !;;t.m.pn ;i"' la lnYPr,c:icil.' 

Vpi.lr.::t::; !1GVe[i:::oaos para la "?<c:-oci?rt,-,l :'Jr dL1imica de c.i.n,;,.l 

10 d.ent::G ,ie Uf'. ~lSt-.l'lmrt .i"' cn,.,-,urdcctci'":n de espc~,:tro di.sp1,r:~o, 

Se han desox:t:cllado ~:u:t,c,m:,c dP c<,rcuni.cdcio:, qu:;, 

Los clos mri,tod,Js. ~no1l6g.J.s:o y 

con 7.a 1·uc~r,tP. y JdG ·.1b1cuc1ories iR 11,c,1,1nn [,c.s nBto:los 

20 c.:.g1c:aJ..ea t1eaden 2 prcp,rcinr,ar vari~~,.~ ve:-ntajvs c-:rn 

inte::.-fcre:1cia de canal, la ,atv,c•dacl aun-t?nta:la, y l;:i rn,-:jcr 

con·✓P.t::~i,:'',n, :; n1cdula::::16r,. ce la sefraJ t~c jnfonr:a:-i6r. 

c::,pecsro de la portadcra mr,tfolacla rc~sultant'" q,i.,.cs 

cor.f:..nano dentro de .J.a 2rchur;;o. :l•:- band,-. dPl caTJ;,l. En Ja 

s1,t,secuentemente para .J.a propa92cir'm i-mbrc- Pl c<1ni.ll o;;sta 

La moc.ulaci6n facill ta u,mbi~:, cl m-,1ltipJ.ez;:,dc-, 

soscr.Lp1.or rer,-,otas que req-1ieren d~•J 80t\.'ic'.:, Lnte:-:r.i:ter.t>c! 

de un=. cturacicn :CE1aC.i'✓d1(1c;Ol.e~ ::o~l-.i.l en lu9~r c.el o<cc~so 

cc,,slnuo J1ac1a c~l <>J:1,11 de comuair::2.c1Gn. l,r;:. c:st,-:r:<a,s 
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de r.10:!Ji aci(,n ut l}:i_.;ct,:l.? aa. por "!'.esulr::ado u:-,a c12persir',l'. r'!(• 

la sc;"i,-11 t:ransmit.ida eG0re una oac1da c.e tcecue.u(:ia a.1~,plic: 

espe::tro dispe1·so de c:cceso m~it1:9Ji,: ~Js l11: sistem2 de 

,o,Ult.i.ple por cii•rls-'-6:t cle ~if-::r.i:;_11J (TJJl'<A), accE:s:J m,11c1ple por 

las c;.sq,1em2.E de bar,da lat.e-.cal simp~e :1<.1 an:p1.1.t:1d compuesr::a. 

1,a se cun:;c8,1 en la t.'Clcn1ca fc:n eraJ,ur.~:io, la te,:nica de 

rr.odl~l.:tc:i6r de. esi;ectro oisperso Cle :.::,v....;. t.ic~nc• .,-pr7t·aJ~1s 

<:ons1derables aconre estas tE.'.~n1ca,:: oe 1nc><!ulat:1C,n pa.ta lns 

sistemas t!E crnmm1ca:::i6i: de dc,cc-so 1n,1ltipJ.e. ~l l,so riP Jaf;: 

c.~c1:ica& CTINA. en uu Gl~t:crr:,-1 de comL1n1c,;0,::icn de ecceso 

111lUt:Ip1~~ se T€Ve.la oen la :'atente ae los Bsi:ados !!riidc,~; Ho 

de esta :ir.venci6:1.. 

fa1 la Pa.te!.HE' t:e lo~; Esl:adoG n1ic1o::; :No. 4.9::1,307 

c0 n ctorde 1~1' q:a.11 rlJmero de usi....ar10s del sistema l':'ldviJ., 

c5f-:l CDMA c;~ por resul~a6D una efiriP"CJC'i c> especL.caJ. mucho 

:r.ciyoi qc.e aq11e_Lla J.ograda utila_zact(~r r,Lr'W t&cnicas dt? 

accei.:o mul t1~le. 

;;_ul\'lA en1:n:: ·;.no. eac::a.c:..c!l t,ase y las. '.111:i ::!ades de susciipt:or 

t:rayecson.a ,~t1lt lple 

cbd:i_go extsr:10 pc~Y.C(ite q1:e 6-:-;rr-, :.P 11t~7ice pc1.ra ctir;crir.inai:: 

en1:n:: JUC~gc,s ,10 1..1sua.n.os agrupa,ios ,=,n "c;ect<,Tes'• dsntxo de 
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usua:r.10 t.::·ansmi.tidai; sch, .. , n~;i p::_ur;;aliGad de "c::.nale~ 0:-: 

c ,m,unj :;ve:.6n -r,ediantt la deSd.Lspersit':io dr- 1 ct eneraia de 

lr,1:erno a::wciadc coo la sefi;,l i-,-a..,smit..Ld~ que Vcl ;:at 

Hac:i.endo cete1:e:1c:a iJ lv Fi,;urci 1A, s2 rnc1es:tra 

t:c.vi:'.:icta e!l. seis cl1eas de C(Jbc'C:ctnrct c·,-c.:;. G;;, est.ac.i6n 

(no 1ucst:r,)da2. aedicad2s a ±:ac: ljtar 

las u:11dades d?. su::.c.::;,,9!.o:: c-n j,1s: tj,-pas d<" cob2i:t• .. 1.ra CJ.--Cb, 

1._,n pi:: m;,r sector di,! 

usuari.o rc~~;J:lencJ.:ll '3\JJ • TCt:'. las areas d.e c.oh 0 rt~·ra Cl y Ci, 

expa:icte el area de cobe1taG:1 C.i 

,orB.lw; es,::i.'\ as0ciad0 c::m .l.as a:~e::t8 de coherctO'.'iJ f:'" y C'3, 

()Jmo se 1110,.ca en la .l:':..gu:ca HI., es necesa1 i.n qu0 

ci,c;r::02 sectoras de us· .. 1cir10s .0ea.n re.i.at1·fr:m.Ente nngnstns 

plc) de la 01.iJ.l:.<1c1Qn 081 sis~e,;,a, Per: eJemplu, la rr--'gJ6n 

nca::trc1l t\?.lat:i·,ramente angosta de.l. 86Cto.c de rn:i:1c1ri.0s 

1:!<:e>,.;an co:r.\Jnic:o.rse du:r:-ance t1oras de trabciJD. es decir ~~nl:r'-' 

1;.s ,J a r:l. y los !:: p.m. .:::<.le.a er,, s1 eJ alc·an::e dii!l sPct:,r 

be::~~.:: ll.cwtc.c:i,H> F.n ccntr~1sts, Ja cc:nceEtracion ctitusa :1.~ 

pe1..-,nite que :Cea cco10.leH i!e tr,J1'ic:o asociadoE con e_1_ sP.c::t:,,· 

disc:rim.tidos e:i c.os .;.r::ea& de c:obert.ui·,;: CJ-CJ 
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cor:.tc,~ma.::: ,:le- ,;,anera aciaptc1ble u.""l baz ;:,royec::cado 

::,:x-<1:0 :I COrrlplEJ 1.dad rc•ayoncs: eJ siscema. 

".:'OfiSECil8lCCia, es 8.l cbjcto d02 l;;. prese,.,_r.e i.nvcnr:::.:"rn ~l 

1:11: 0' E'-JemplG c-spec1.fico de ,111 s_i_a!•~mr,. dt.: 

scportar ur, niveJ. dc1,1c, ,!c- ;!er<>Jndc> de t.rilf:irn. Er, 

consscuer,c1 a, 2s un obj e~ o a::li<::icnal de :,_3. i l'V?l1C' L6n c:al 

dentr.o de l.'.r.a comur,:;_cac:i(Jr, (.,"'DMA a :.a clecmrlfldcJ rJr, 1 or- rnriales 

costc -por usua:.:-io. 

1-s la in,,2n(!i(,1: cl aju~~tdt8C ,J c-dr.,l):.os a :;,a:i:go t6r.-c,Jnc, ~n l,J. 

d<-)1L..'l.11dil. ;lE los usuar:.os. Est.as Yar1ac1ones a lc<.cg:: t:.Snn]n0 

JP., ,:s qtt•J 10::i esti11.ados relat:i.vamente prec in:Js d,~ l:~s 

C!lSiJOl'!lbles ~~r.i:es Cl8 la .:.n~3tc!.l<i.CJ01) Oet SJ.Ster;,a. E<: •Pr:~r, 

25 l:)s (1.i.SP.iia,!ox:e~ cei. s)st .. :11a g2:1erc1J.ll'ente deben cuc1t-c,r c:,n 
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2:t. :i:;erf.:ido Ce 1nstaJa.cij;1 LLC~i:dEo poc Lo tM1to ii' evitar la 

:i1~v<':nci6n .,,::. p.cvFJri::ionar un sisterna de conn10.:i.cc1cJon c:~~paz 

llt ;;e:c .Ji:;e.i:iaco, durar,te la :inst>JJ...::cl6n, de acusrcto con :t.cs 

.ov~~rici:'::o p:copo~cj oroa ur, sistewa y ur. netcdc 

1-5 f)<ClLct ·1,U.i.dJ 

(,ci.nalc:s de tr2i.f.1co dentro ct'! un scs~ema t!e cor:-1~to1c0Gi(;n de 

~l~ nna rr,oda.li.dad p:.::-ef2r1da, e_1_ s.1stema dr,i ld 

priniE<r. reel para generar, a una veJnc.o.,ja,j ,jc, chip 

(PNJ (J.e i.:.r, p.::.·.,1,ec ::od.i00 t·N pred~)te:rT"1ina.cw 2-Ja pr1!l'.era 

.mocluJ<>-cj6n resultante. El SJBtema inc.luye i:l(!err.'i:ci 1.1na 

segi.lnda red para propo:i.:-ciorun unct !legurn:0 8<'i'.ial cte 

utJ Lizarse la transmis1on Se-'--eCt.i',<'. ".le ta pri:ner,i y '1C',;-i.;nda 

~~<..:t.or: de 1J:.uario durr::n1:e 6\..ferer,tes pe.rJ:oaoE de 0J;Jerac::.{m 

deJ :-;i~t;e.:,;, CJ. pdmer s2cto:r de csuario se asocia c,:11 un 

primer ~-1eco de canales de cr<.iJ:::.co, uoc1 ,jc, i..cs cuales se 

asigrcci a1 usuarl o esp8<:.i f .Leo 

:m~_E',_~ __ DESCRil'Cid<!_DS: icQS .DlBtoJC~ 

rei•1.ind~c:c.c.io11es ccnexas. ,:uc-1ndo .0:e t:;1~c-n con reJ ac:.6n a los 

d~nt.::c de -..1n s::.stema de coinun1::a::l(,1:. -:c~luJ.ar, dcinoe: se 
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La :'J.(l'Ura lb mu0stra una ;;egu:cr!.J ::e1,~~a oj,,,mplc 

cor1 la tQrma sect:Jrizad.a 

Le :'..£1ver,c:_U,1. 

lJa<a"' eJ""l't~lariu. e!1 :lornj0 el oist.e)rncl. de sectorizac1Cn 

di1cat,1.i~c1 de lo .:.llvt,nc;,.6:t c0 st_q jnc,npor:otOo, 

d:iagrama de ::;1~-.,,,1cee> C!t '.i.lo rscd eel cr::wsmisor de• t,St,1c.i.Cn 

c..:;10,~adc1 ccnt.ru del t.ra.11s,~(it::o.r de ~:st ,1c:.i61; ba.se para 

i,.cOJJO.Ll;L~mcrr 1~0,--1 :;on~~:,.i.6:1 c:onrnut.at,te er.ere la se:i~a.:.. de 

Ce ;,~~is ,,,cu1lpul.:ulur:e:;, dt, or:t.ena. 

~"~ F.:.guxa. '1. .J.ltist)"a un ctiv:;rarna ae blcque:£ ctE u:1a 

1.ed ,~eJ. crau;:;ini '3o:r. de estaci6n base capaz de. pt:}9c,cc.1onar 

uLJ.l.iz;c1,1do taat.o haceei 6e dt.t:c:a1:a ;10J i'J.t i..;:<1dos Iler,. :;cntal y 

,;iat2 supen.c:. y J ~1t era l de~ la ao: ~n..t pr.ml s ior,a 1 -:-esor.a,1te 

ccnf:i.q:.iroca pa_ca conf;.9u.c0r.: Ja sect,orizac:i':>n fiin.'l'l'ica cl,;, 

lll - diagz:amc. de bLoaues ce 1-.1.n trar1~3m:,.s'.iC Ci~~ >':!~-1p0,ctr:o disperso 

un transmJscr de estac1C,n nase RF. 

1.L-OV:'I'Lu1. cJe diversictad e~enplc colo(:adc dentro cie 1.1na 

La 1':i..gura llA re:p:!:'es<2nta en f:n1oa i l1rn~,·~1t i_v;i. ,.)1 

asociada. con •1na de las areas ,!e [:01lertur,J C'7 -rG IFj~1l1r.:a 

lA,•. 

L,;~ r.:.gu:,--1 UB r0prasenta en fcinn.a i ·_,rnrrativa el 

patr6n o~; i-1Zi111u1~:i. p::-oct11ciac cuar.ac ~ar adyaf:e-it!" 6P act0c~nas 
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de esta.:cion .oase 6e tia;;. fiJc, s:Jo 1r,,:,.1:1pJJ~)cior, e~1 fag;:o. 

f<:1;,: a ca.da sectcr de usuario. 

La Figura 14 mcestra un an::,,gJo Lria:igulur :iA lns 

:les lni:::.uyl? un arT~)q.,_o ~z4 de elementos pr::,,,i s:enalc .. s 

forrnaclo:·c1. ,!e hc1.z quc sc~ utJ.Lizo. par.3 T11ariipnlc1r •.111 p'l.ne-1 c~ 

20 antena de arre::;lo en fase. 

r., :::ntrocirn;•_Qj.Qn, 

Volv1e1:do ahora a la f'i91.:ra J.3, 

,<:, segunda ce:Cu1.a 18 eJe,:,;;;lo sect.or.Lzada de .. ,1e·1.enin r.::nn la 

.m. j•.1~)90 de nueve sectores ,i;=, ll".J"l.r10 H1 -lJC. La s,>2,gua<l,c. 

gue un J'.lego de cuat.rc! secl:ores !ll-lJ4. c,vl,1 

J,;;,r, hozas har:iles las 2.reas :c,1raJ1cs 'i :ce8::.clfi.'ncialc~s m,rnc,s 

pobladas de la ::elda reciben sez·v:ii:::.:J :r..:::clLant2 1:n 1ueg01 de 

usuario Ul-'J4 se r,.ec8SJl.an p:1r i.;i ,.;.l ':'l cnnr_:,;;,r,trari6n de, 

,!ura:11:c- n:,ras 1a1JJ.Les. En est:a forma el a1ranc,;_,, crmf.i. • a,:\c, 

d8 1 '.JS sectvr-es de usua;:10 Ul-G;; asegu:ca qt,e Hr r:6:r.err:i 

usuarios que est.iin en el cert! .en 

/.:0 hci.oj Les) en una pluralidad ,i@ nu~ve ser•tores de usuado 
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15 

UJ.' -lJ9' de acuer,10 CC>)l la 

:tSUddC Ul cte 8(• gradoP., er1 Ju9;,,r dc0 c•1~at:ro ;,,ec-tores U.L-U~ 

anc!l.·<.Jra a,1gi11ar de~ J.os sc,::t o:;:es de 11suii.1·, o resid,;mc:ial u2, -

U1' y \J5 · · Ll9'. se ajusta a 10 gr'l.Lic~,, y la aiicl°l1,ra Ge j o;, 

:coo grad.JS O.uraxi~e 1:a:1co ld5 i-Jcras d<?l eoia ,::wn10 de la noc-he 

'a c1err,cr:da ct€ lvs usuo.ric:s c-n J,rn rc,ginnes ruralic's. E'l 

C.:'.rnt::a eu 2.a se::tc,.n;:aclcn: :i.lnst.ra13.o p-,.- 1as F"i3u:::as JB•J.C 

Ficura u, 

clonde eJ -:1.stei""",a rlc 

<:clrtc1188 o:"> ti:aE1co er,tr"' v,arir,<> ""'" to,:es de u,~u.ctrio dantro 

tigj c:a:rJ-~n1:0 par,1 prapo:rciv!lar bancus ·,1 cl& -1.j11Gt c 6..: 

caual'/asigr.acian de trar,sm:..s:i,Jn/cci.n:•·- r1,_, r8c'epr:i5n :,us 

15 linea J2 de tr:c111snus1Cm de ::n:da gc1:i~1 ~? o s .. )m2j<1:<1t1?. Cada 

u:ta plur~l1d.,1ct oe mndades de CBr.'11 ,~;,paces de :l:a~!.l!.t-<"! la 

comunicacivn con i.:.n usu2.!:'::_o fliirt:c,~·.11 ._,,_..,.. Rn la n1')6alida:3. de 

la Figura 2.!J. lDs llai,c:s a~~ ,·a11!'ll tl•~ =r~1nsmis:i.6n/i:-Ecepci6n 

<1nt2• a 29 a fin de sector ~.2:r la ;:,rine1 c2lu:.a en l-na 

1.-:i ern:re los • ancc,s j_e ca'.lal 'l '- '/ \'.03. cc->·:! ds, cc:1nu1:~ ,:-:1c: ic1:es 

DEF0000746 
IPR2020-00033 Page 01732



17 

da.r serv:ic:.o c _05 usua1 LOS que eiot.3.11 clen1::r:: de m: /ir,::,-, 

d"'' 1---1·a-r~·-. E:stc <1ume11ta al !:'.3xjmc, 'ca probal::.ilidad d"" ,1ue 

m..:nima demar:da poCria. 1.J.t:1li2ii:cse un nl.!m~rc> tPla~ivarne:,te 

2•J Cat<l -s.r•Ir;lia::i6n de l,:is <!F.:Ctor:eE d€ t..S'uario asociado con un 

area ce1ular pa.rt:1c:u1a.r c!u1:a:1t:e fw[fodno de de::mand~1 

Hl 

dicim1nuya. l,a concencr;;c- 0 6Ti de 1ir~1;;n·inc; cs d<>c i7 Ja dc->111,---inda 

dent.re, del Sreea. dada 

asoci.ados con 1.,r, sec:.or. d,;; usll'l~'"i.O d<1do 

r.:om::r-:,l 14 ;:,;:;,, ::.nto.rnl-cl.c:i6n de., cent.rel ptCJ\;!'-nient·e ;!,f;J 
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J11o2go sslecc·.l:inaclo de lc,s ca,i,3l@s de t:rcifico 

ccntrDlil.dCIT 7.7, per;,ut Lendo ;isi 1'1 FPf.Rci..ticac:16n de la 

sect.or!. :::a,:j Of' celu.:.ar deseaC!a. En 'Jfl automtt Lee, 81 

ccnt:rul 2.·1 se programa pai:a asLgi:a:r. ,:a:1r1J1-:8- y.'o tar;,.3-i'ios de 

bancos cte c,Jl!cll 31 sobr.; ~j primFr b 11.s cm1tr0.l 34 Lot 

in1.0:tT'laC::.Qr, cte~ u20 de canal p2rc.in2'lt.e poclri'"' rl•:, nu<?-vo 

cespJ8garse a un q;i,~c.:Hlo:r con ol,Jei:-n rle p<?r,,,jti".:::.e tJacei:: 

la !l<2cesidad de controlar la inlr,rr:1:-1clf)r1 ']Lice: 

2...'l sumil'.1str;,.rse a ,1:i. op,;:i::ad()C. 

,u 

,J,1,st.a a tri3vP,c; r-l<"! a ccltera:::101~ d:Hl patr.6n de haz 

proyect:2.d.c po:-

1mpleme:1taciOJ:Es vcdri., logrci".:s,;, modi t :..ce<c.!.6n 

st-m::.r1L!;'t.:-adi3.S po:,:- las b2r,:·os r~,;, c~:'.lal 31. 

jmi:J.emsontacior,es las seflaJ ~;s f:on~;;.r~or,J~a rle haz prr.>cesadas 

sect.or•i u1cJ (}r di n,'ir, i ca :_:,ropo:.:-cioni'.r.dc. info:rrna(:i.6n d1c 

apare:-,tener,te una fonna dr~ ;:i:'cmodar 1.i varcaci6n e,1 .J.c< 

dll~c~r:a O(~ <0G~.C.C':i.6n baae pray,;,--.:-"'-ir,:=, ••n haz d"" ~nchu:ca fija 
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,i;;;ig-nari2.r. entonces 1-l c..tda oSPctnr de L•suaric, diL~rc-r.t,,-:i 

Ut:::..J.i:oadn::i p;;,.ca .:.J.e·Jar los c2nE.le:'l r~r, tr:afLc,;: am::ci;;,Qcs ccir. 

~a 1:1venc.i.'.b e:L a·,g1~r:;s sist:emas C!e CDf'ouc:icaci5n c~l-,11~:r., 

li-l red f,nrrmctora de l'laz de la ~c:, ,.,_c ifn !:;,i:,,P. de caoa ant.ena 

dJstrn:-sionar el pat:rc,r, <'E- ..,af c>.l )Jrs-ducir anol,~c.i.01~ec: de 

e_,_ area a.:Jarcadc'- por cada sc~ctor c1,-,, u:;,11urir1 Bn J.;;i fcnna 

las areas cte cobei:-tura ..tdyc:.c .. ~n1·0~ dc~ntro ct~" ur. s-ec:::o;:- de 
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" 

<!iversidact, y se oesaispe::-sd.r1 1_t.lliz::..:1d:, 

g6nerada .Jora1.rr.en1~c0 dc~1 ,:Cdigo ?N 1.31'."g•. 

1J.e::1t:r? de c.itereri1:es se('.torf's (],-, 1~s11<1Yi.o (por. eje,mpJo ,;i.1t.YG 

cJ pvr de~ !,Pi':al p7·0p::irclonc1Gos c. las a.reas ct.;. cobortur,:i.;; 

C)/C41 estoa -pares de s0:'i2 1 

,con carle>. sector de usearin 

p:roperclonar la secc.o!'izaciOr, cli.nilm_i_ca 1:k• 1is11,1ricHi d<? 

p.rJrnor,), G29~1rioc y t:ercer- transmi,;~rF-!:' dP espectro di,;p\-;rso 

senerc:.ccr '.:JO ae c6d.i9:J 1a.cge PN 

p:rcpol·ciona 61 co•.:ngo l'N largo : ,-i l1zc1Cln ptn: l;:;s 

o::ransmiscres 42, 1-1 y 

ufonncfciCro. t.rai'.wm1tidas a ,~aO;;_ s,c.ctor 1e t.w:.tar.!.o. L,:i.~, 

tc.ees relat.i·,c.s de los c6c:.g.:n, larg:is PH ~1:n-ini-;:tJ'.':Jda;; & 

i'.vse , 52 y :::,4 propo1-cioncm rstard,m aprm:i,nad..i:Tl".'rli:.<? 

ecu.1va1entes ei: c!ui:ac:t61: "' cb tp~ ,1~, '7h8 PU D8I'tro C.;1 los 

ti:an.::mJ.scrc•t:: 47., 44. y 4,:'; ::.as sefial<cs C!r- in:'G11r.a::i6n 

ertonce,,, se ~ilt:rc>n en D"'So de ba.t~da, 
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25 

er, la fligiwc.1 2, j;:;_l': T€C2S d1VlSOPl3 66, 68 y 7~• SE: iiC'Gp]~m 

"Or,e:xi,~n ~,,nmu:anle er.tI"e la sci".ic>.l de infor:rr.aci6n asoc:ada 

1s ,i<:i 2r:t2ne1 75-8D. Ss d,-cei.r, la mat.dz c1~~ c:D:imuta.c.l6n ·14 

cl.11\..;ndB H"i~90 tu,1r.;.c,:1ar. para proyect21r un !ia~: sub,:e tll!a de 

rlr~ conrm,1:at 1611 74 a tr,1•1€-n 

r,atardc.,s lige.i::ament.e m?1•0res que el. peTi0do de cr.ip de] 

,'.'eta:c:do alter.no:;; a Jos element us :<e r<etardo ;;c;;i- ~':,t (por 

e~<=rn,plo loe: e.ie.r,e.1:cs 95b, SSd / ~ 0-,f) p.cor01",~ior,c>.n 11'1 
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c.onr.:n.11:al:;.la a.l div:: so:r: Ce sei;; uic1s G6 con cada ur.o Ce los 

£n pa.rtic11lRr, los 

a_.,, a..-.te,r:.a ·1~-80 Si, p=-r O?je:r,plo, sa desee>:r:a que el prim.:or 

ateri1E1do.:-es digitaJPS (no mostraaos), pr#.ctir:amente 

;r.,;.nei:a c,)nxu'.;:ble lc8 thv1-sDJc£S 68 y 7·1 a joL~ m,;:nipuladore~ 

da <1r.tena 7'i- ~•J 

21 aj~.;,.r.c-r ('!C'l !'lP£;oJ:1'10 :cw,rtor d<> u~,_1a.cin, Pl oj1i:;:rp de 1_1n 

;:,te~.uadcr 

marnpulador de aEtELia 76 y E:,_ di,;iscr 58 e~ sc~ct::r 

tipo disr;om.bls de, per ejcaiEpio. Anzac Cor-p. ?ar-te ,w_ AT-

no. 

J Latit~.r.C:; eJ alcancc~ t:OUJ11 cial Oa '::r~J8 c.rntro areas de 

cobe:rtura. 

rle ·_as aPtenas 3S a 9n SP di qef',a par.=;. p1·0yectar una cte ,;:;o 

cuales ae disa:fiaric. para p1·oyec-ta.:- un h2z de 4G gr:i.dos 
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haC'ES po]_'lrtzadoc; tailtO !:10:::J.zt:,n'.:.,;.l ccJJno ve:i:-t!.ca.lrnc.t:t.e 

n:d,;,c:i.6n a le> f1g1.-1rci 4, los mc~nipulad:n::~,:; :~e anten'cl 

po~· cad.2 ha:.: po!.arizado l10.c1zonta:i_ y vPi-t·ic"lJmente. 

pc,l,Jn.~adGS horizonr:::a:,_'7'f''1tF co..-.o ve::Li::almenr.,~. l,;: "t"ed J.00 

tx:a::.:m;,.tJ rse sc-:or~~ priITIF<Ti {#1?.-b), se::;u:ido (#::la-b) i' 

largo ·.;:til1:eGo pur las l_rar,s,r,\sc,.cc-s J.U2~• l02o, 1,;4a-104b y 

fases relat:iYas de las r.f.,Ji9ns J..an;c+: l?N ,:;:mdnistracios a 

:tos c::rar:.scc'.1so!"es HJ2a-1U2:0, 104a-104b y O~;.:;.-LC•6o 59 

desvian 9c.c ma:cgeDc~~~ t!e fas:0 t"r;:uiv<'ll t?r.t&s a u:n nUmero 

Der1t:ro C:e los ,:::;:an.smison•,c: 102a-102b lO<la-t04o y 

lD6a-1:Ji.,b le.s seii.ales C!e rnf.c,n~ac1(:o :r:ocl11JHria PN" se 

slrnisciich~& Les si:1UsrJJdes r.,ojula".!us son r,ntc1,ic,;,s sun;;idc•s, 

fLlt r.:acto2 en paso de banda despla,ca'.lo:--; a una f:::·2c~1encia 

,:;cneci::an r~spectivament:e a rede:, d.1v1s01·a.r. dr~ -:<Pis v'lsl3 

l.1La-112b. :!.:i.•,a-Jl4~: y :i.:!.5r:t-11fio. lrnnc: SI? irid1ca en la 

Figl![.CI. 'l lae t~d,~s: OJYjsc,r.as :Ll2a- l12h, 114a-114.o }' 116a-

lJ!;b se uccpLan a ·,ma. ':l'.at.riz de cur:.r,ui:"a:,160 1:;r 

La •,catriz tie c:,1ncr.u1 a.r-; 611 pr:;;;,o:::-cior.a u;;a 

1-'1Ca-1J!/b I,o ~:p].it>:ici6n de :a :sal ir1a r'Je cada ,..,,,a£1.ipula:lo::: 
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31. 

CGbertura Cl.-C•:. Como se im::ic.c1 ;,cir 1 ,1 F1gn.::·a il, la r1,-:t:ri7. 

de conmut.acior, 120 est& (!clnf:igur,10.a de• :r,1:18.::a qw,: :(;s C:cs 

Hac:ier.do re:,:ere,1cia a la S'.i9ur<1 4, sea r.:n1P~r.7·n n,a 

represe:1tac10n _l11i:,\ t:.:,.l:1va d1-~ ],;. pcrci6r. rl;c :a r,1ac_riz de 

c:or:nut c1C'i6n c;ue. ft:.r.ciooa pa:-a ,co1rn~t- ,~ r conmutabJ 1-Jm1-;r:t:1-::i 

los d:;_VJ.SO:i.""€.S de s-2is •1~as 112,1•b a •~;:,;fa l'T":O de ].os 

144 sa inte:o:::pcr.en ,2ntre J.3.;; saJ LO.as r~e lm, d--ivh~o:r-e~ de 

l:25a-b r,ast.a lJC.J-b. Eo uri,1 mo:!c1l 1d;;;_d p:refecirl;,_, I a mat:riz 

20 (!C• t:onmo1:;,i_c•l<)1: 1.1,u 1ncJ.uye o~ros dos j1,eg'.1a de dee~-

los rr,ani.p-,112.C.ores de antEsa 12',a-' 7;i--, has~ ,=i. 130.;i-1:;ob 

14.0. ,:ada c>r.t:eTJa l.JS-140 

a:;,pC"t:l.c,,"; los 111;).n1pc:Jao.ores de antE:na 10Sa-1)5b hast;, 11r:ac1-

J.10) son su0staI'.cJ.almer..t:2 o:nLJ2rEs a mar,ipnl.idores de 

Ssl. 

J ,.;s vi seas .superior y _ate.cal de una c1r,1 ('11,1 pn·v: sivnal 

:v, 1-:::; d,~ l.,:i. mitact cte la lon;:;·1t'.l.d. di:- cmOa pc,rtctdor.:i en ::ada 

dime,1si6n ·-r se auspende p(>r a:cr:i.t,a <l.r• :.c ;,la1:o de tiErra 

p.ccv1~,LOllal. Jt>O se :::,;-:iscrva separadv rlf'1 1~12.n'.) '.li.' t1w::rac1 162 

:?';: :i.vs 1;,:i.mias d.e ::'.recuencl-a 'lF ~1-an:?mision corr10 a~ recep~i6n. 
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bo:i:des c1::_per:io:t e :.n(e.::.i.or :17Cl y 172 de<'.. ::l<.>m0ntc, 

L(i O;;l eJemanto p:-ovii;ional 100 1in ,~na modal 1-cto,d p,:-efer:id.a, 

1'"/C C infeY.::_:•::- 171 d<?l >':l(-OIIH?r:.t:, Ft"OVis::.cnJtl 1(,1). en torrr.;:i 

:,c. 

(~lo mo::t:,~cic), 

que .1,:.-a elementc,e de) reo::ard,:; restantes :c:e o;r,it.en (r-11:2-i:::dc 
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J4, y por le t anto 9roper:•io1:a urtil con,;izi6r; conmut3blc 

er\.re ccda sa1 Lrl,~ r1 .. ~ Jns d:i•.,-isoras de 3 via.:: 230 y un;;,. 

6srr,cn".!u1a:,, nrrrhincJn, rlr.>s:incc--'>:'.TO-lan y decoc'.iE:'..~ar,. 

!::ur~ca,101· r-n r·nmbi n,1c<1_6n 

25 cai1a urln pen:- u, rec1eptor o rnodulad:n ci.i.L--lrc~nt.~~ u. lo3 

3' 

eztrae, per ctasc1s9ecsion, a los ::omi;o:1 .. Jntes I :r Q, Rl y RQ 

2EC pi:.Gp,lH."-'-t:Ila el cCd:i.go PN la.c9cJ ut Lliza.,jc, l)O! J.os 

.rtc,::pt.ores 250-252 i:;aro. (k•moduJ ,n .li.ls se;D.ales dE: 

E1 Jn :noclcl.l.i.Urtd pncf,.Jr:i..d-1 i.os clementos de reta1-ct0 de ta:;ic~ 

52 'i 0;.:1. f,lurxirc.:ionan retard.as a:irox'-rna.C:.ameDC.,a e:1ui.v;-,.tc1ces 

H<eL..i.<"m.iu r:ete.cer:cia a la F.i.qt,-ca 7. sc ,nu .. JSLra una 

El t..cam;11lsDr de es9~ctx:o c:L~,perso :te la Fi,rc1rc. 7 es del 

tlyc d~t:(:-cit:::i en la P,1t2:1::e de ::.cs .t:si:.ados Un.i.d:is NO 
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'iyE1:.em", ce-::iicta a la t:i.tJJa.r t!e J.a. pcc-scntea LOvPnr:'i6ri, y 

de voz conver~icta e,1 datos poi: 11r, voC':Jdifjcv,:or, y qne se 

sum:i.nis~ran a un c Jd.L f .LC~,,:!c,r :; o; e:1 donde lns bi i-" se 

bJtG de c'iatvs de entraca .:l!Jl1 con ol:)jetD :l~ ci·~~;1r :ma 

('c1nc}(!e ,:on ::.a v2locid:1d c,perat:.va del :x,d:cfH:?.dnr 102 

,_,as datos del cou1:::1cactur se 9ropDrc:1on;,r .. ~n1·011cr,<: ~1J 

ir.t:ei:ca::.actor ..!~4 en 11oncte J.nt ~~n:aJ a 

c.Qr,voJuc.ioxta.J Lo::-;i dal:o;i clc S]:n0:1lo ~ntetcaladDs sel.1en ;j""l 

er,traa.& ::;. e:xclus:;.·,,e, :100. 

En el s1sc0ma de~ la t·:.gutv ., J.os si'Illlol 08 de 

2,J ,.i.ct:os :Lnt.erca:.c1ctos se me:zclan para pr::i;:,nr,~ior,ar ,1n,"< mayor 

25 !"Ecioiente prete!"1C!1ca 

" 
--.:omprende.o los c06\acs r-N ·• :int,~cn;:;s• a ~os cuales ae r.ac~ 

ge1::eraclu.:. ?N 3C6 i:1cJ1:ir.,'i tfpit>Jmente u:n generador !:'£,i largo 

L.22~8 Mil;:. Biot<0 c6di.gc PN se nace pasar ent:)'.l::e~, il trcJVE!B 

t.r.a1.1sr,1.:.t.:.er!C.1. let i:iEo.~m11.cj6n E1 c:6ct:..go Ylalst". 
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La cor,:pue.n.a o- excJ us i va J J.4 rcci.ae t.arr.b:i.'9:,1 1.ina 

cctncctlei'i Ue cv,rnai.c.o.ci.6n ct en "Ease \l/ y en cu.3.dra.tuta iQ) 

20 ::Jirll.lca'.Jilleb. Cada p.c.r: e1:. cua.6ra:.u:a c'!C> ~ ,ru~Gc:;.des se St:.T.a 

ft:c•.,~x--::cic:iu f<F y se p:c:-oparc:;.ona a i..no de los ;1.111r,1:.£1t:ddor:--::o: 

58, 60 y E2 

E:1 Ja. mo:ial i6ad :on-~:~:~;.dc\, uri canal p:.l.atc gue o~: 

cor:11:ic~nc~ 1nor!uJaci61: 6E: elates se transmite j1!nto con lei.] 

1;:dJ.ot:) llnLca Sin eeLDe.:i::go, en iu;ia.r de;, nt;_:_iz;;cr u:1 jua90 

r!l2 :,et:i.:1le-s p1_,_c,tos es '.ltJ.l:1.zar desplazami.ent os en la rni~~tro 

15 desviaGi6n o 62q1l.:,.:.i:v;r:ientD qve. p:.vduce la cor:,:ela::i6n rn&E 

Zn ccms~~cue:1c]a, la sect'.ericia p1' ot.:. de 

i;:,r:efeJn;;n; tel ser,:: lo st,1icientemente larga p&Y,1 q11c~ mochas 

!?:er lo tc1,1Ct), en un.:;. o::1::r'.lc1lj:!,Jd 2Jerr..pJari.a la Jcmg'tuC de J.a 

Eecue:,r:CJ,l piloto se aelecciona para s~a rl(~ 2l'J, qi:e 
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secuc0 nc:v:i ols1ca dP r-" ,~r,_;_ps 

secuencias c'N1 y ;;:,Ne ot.i.J'i7n.nd0 Jos cornb::.ri,Hlor~~c Q 

~:onllJ::.n~1dcres ~J· E'XC.'.L3ivos 344 y ·;4c; 8e ;;:rc,porcionan CC'i'!:o 

prcven.i.ente a~:: lc18 f."iJ.r:::ros r,:,:.:;, 

irn;:;1c-,m~ncc,,::]61: EJE:'11.plu :lei ti'a:,smisGc Rf.' J8J. 

surn~:io:r de cai1al I :no pe1r:i 

CG:1 ~l pilol.o :?r dE' C/3.Nll I. .2:n f,-irna :;i.c:,il~H- Url s1..rrador 

-p:;:c;pc,,:-cionan para con->1e.rt:i.r J2. .:.:1Eor.maCJ,Jn r!."igi.:-.n.1 de Jo£ 

de os::ilador lcca.J. (L'.11, Cos (21cfi:' .-::er, 111ft), 

resp12ct.ivarncmc,~. i'.l. tcs mEzcJac.ores 388 '/ 3:,i,1 en d•J:d:;, sc-

pun:.ci[loras de f.as'?c en cuact:.:atm.::ci Se!'.(ltE~.l y Co8(2rtfr_\ ""' 

Est.as Sc!:.'".ales lf' se sumc::n l":l1 r-1 r,: rr~-1.dor 

cl92 y se prCJporcionan ;;.l nce<'eladcir ~9<i. 

i:>':!.i"10.l P.!:' .1..1,c:l '..l:,'e c0rnprn:e1tc~8 c•n Ease ( l) y en cuacratura 

(QJ y ,;e filtx:u c-n ;:;aso de ba:r:da par el tl..:.tro Cf' p,;:r,:1 :l'c' 

20 Dane.a ::,93 v sale a u.n;:i d8 J.O[. ampltfiC<.n.6,1nc"s \:;'.II ":-8, GG, 61 

secni.cas de sur:md8, mezcla(!o, filtracl,) y anpl:i:i::i::arifin d? 

3Ef:.al que nc se descri.beo c.1q1n ,;eio qo:c: :-mn bi.en connc-;'l,s 

t;H ~.:,,:.e car.po. 
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un:i.dades de !'a1cser'pt<'t 12 \Fig11ra LAI, y par. lo t.c>.r,to s1a1 

::,~;ee ',O es rec:.rc.da por la antena. 41G y pro;yJn::i1,nc1.r:la a 1.m 

:recepto:· a.aalC:s.:.co -l.17. y E'.l r.e;::epi:or dic;i.tal 414 L~ ~e:i~:i...L 

es rec Lb:cda :::,or la ant e'!kl 410 y p:coporcj o:-iacia ~1 

i:rec1.,enc:.2 y a:cgJ.t.a.'..1za la. se!lal :'er;_:Ojd;:~ ;:i 1,;s comp0nant1,,s 

con~pi.,est.os l y Q 

pJ:q;,:Jr::.cma1: &1 rec2p~oI· dl.git;,l 414 para. l« d.amod.1.:Jacj,:,n 

1a coml;,:i. naci<'Jn, 

Cada sal.ida de ::os cumpun>"nt•~s I y Q pc~,venienti,s 

cabert:ura ad;>ctcentes Cl -C6 de~ ur. r,,.ct n,· de 1Hn1ci.ri.a dado. 

~oma se dis::u'.:.iC, ant8s, u:1c1 1:ic;,sviac.,6n cl€ fasoe> "'"' irit-.:-0d•.1ce 

cc,1,en~1.•cc1 ad"{"1.C€ntea ea un sector de us1.1a"::.:1 p:-.-t ic,:1ac. 

4.l8, se procE:sar. cad2. ur.8 por ,m receptuc o d:~modu1-:ic:nr rle 

:res los dedos demouulacl<J.:'£-s dr• 

1oe=duladores 42'.la-4::0cJ se ilust::art er. la. f:i.g;1r,. 7 ,1, debe 

15 part:it• de~ lo::, componentes coopwestos l y Q, cada rlc(lo 

E;(tra.e, por deso.is,:ie1:s: vn. las :iompm1,~n1:c-s .r -,, Q frT y R() de 

·1as se:1aJes ;1.L:..Dt,1 y <.!c:- c1,1tos, as:icia.dcs cur r;,fia a_n,-;,. de 

l~alsl1 or',:Ot;OndJ,-,s •~i ,je J.on:;itud 64 Esto peITl'.ite c:.me un 

l y oJ car:ales 0 se t:ransm1t.en utilizand[) 11n :;:;,1r dc'l<lo de 
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c.-§.lculos d@ los datas c>6'1'.iti:l~s a cai::.a area d<-) cohen::vr.c1 c,a 

Rst2 enfoqne se disefia pa..r;;; alimir,::t.r pi:§.ct. icci.m~mt-C tod,J 

areas de coberl:u.i~a adyr::f>:1<r~c:, c,v1 tr:rdo a,:{ le> fo1."Tue1ci6n d,;, 

·cc~i;epr:or. c:e divarsido.d as0,i;ado con ur,a ·..1::.:i.da.d 01.wc.:c:ipt:,ra 

col:;c2.d.c ,~t'e:rra !~e1 lim1te d~l 5:roa ,'.e c·obsrt•.i.ra puedEo ?oc.· 

En ,rn2 rncic'l.al1d,1d .:11t2r.1a da :u;i ir,venci6n l.;1. 

sectori::o:a.::it'.1r, d\nArr,',c.:~ de 

area oe. cober:tura adyacE:nte '2!:S 1nan::;_:nJ r:da ~n f;_ase .:::0.-1 la 

.1·. prirnera ant2.1a t!.e c~stacJ6n t>cl.G<•:, el pc1_r--;:-f;r, mo\'traclo ,m la 

F:i.gu.ca llB ~;e: 1:rudt1ce Por lu tantrj @s P\'"i<:e1it& qu1-:, ];. 

anc:rmra C!8 un sectui: de usur1.::·.Lr, rn1e-de- <''Jrr.enta":"s,a 

se c-::rrrtb1rcan e,tactiva }' (;:,liencnt:c~ertrP rlentr0 de1 sectcr 

20 1.1rnc: repr.cc-.;enf:c1::ifm cti<HJTam,'.iti.:::3 te bloque de~ 1.1na red de,. 

~:cvr.smLsc,:r 440 da ... ,. c!--, o., i:x~~~r,, coi:fig,n:-c>.da para 

propvrc:i.cnar la sectoriz'l<·io~, dir::5mi:•;;i de 
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pruena .ldentic.a 3 cada n1c.r,i9ulador /?-BU. 

amp1-it1..11! y iase 1C:.eot.ic.as .'"1acia las ma.r.i~ulat::!c.1-es a~~ ar,t:ena 

70-30. La sall ct;,. ,Jc~ l:is par2s ~dyc:ceotes d~ ca:OJ ~ls de 

85-90, se conect~n 2:1tu:r~es a l::.s po:-:till.os C!t: entr2Ga dual 

ae ant enc: se a.~ usca er.tcmces: Dasta i::r.1e lE' salida del 

::crrc1nador dE: e!lergia se aue,e,1te al r,1axirr,o. Estc.! 

2:J .~,anipuladorea de 2'.nter..a, es decir pa:::"a manipulador;,;i ?S y 

76, los man1pula.d.cres ?6 y 7'/, t' as1 sucesi'1ament.e. 

red de .re::epci.On 100 (F':guro 

:iuegc de senal.es o.e vi:u.eoa cte arr,_;;;L1.t:.u.d. y fase 1.0.'::nt.ic.as qui'! 

2~ 1!lyecta.1 er, J.oa port:._11~~s ue los C:3.bles cte anc.ena 224.a-224.f 

aicicpJcidoG nrn:1in.;,lm>-:nt.e ~, las c:.nten.,:~, S':i-9G tln cc,ml1·i oadc,:c 

de \_•n r,,:.1:r adye>c8Ut8 de .ampli.fica,!cro::~ cic) rct:ep..::i.6n 2J.0-215, 

Un ec112.Lizs1dor d°" fas@ fno rnor,f:rctdo} dr~i:tro cit> 11no d:<a los 

sec:t.o~:i:1s1ci6n dinarni.ca de 1,s:1.1slrios "ll r,royect:tr un jo2.gn cie 

den':.::::: d,:, :!.a tern;, d,;, ;i.ntena .159 de est"l.cif.r. bris:<l :n 

y semej :,ntc~s, se i 7.C ·~o:l,::,1~a11 '.~D':.::'.'e l :J!J Jlace~ ·· r.'<nMnl tidor, ;,. 
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En lari dr:,~ 1f.o::lal i_rl,1.des 

d& ·lr,. ~ector 1!E u.suario daco va.cia utJ.lizando ,ma. 

911e,cte cre~1rse ut:,.li <:ando cual:;pi.era c.e tn nUme;ro da 

!.e~:n1cas corivE-nc.ionales Poi.: eJernplo un Juego d~ ante-nas 

Juegti d.,. hc1ces dP ani::..;t2lG predete1:minado En este 2nfoque, 

r,o:lali.rlc1rl EJE171plo un :uego de se.:s antena.s se 1.11::1liz,Jn para 

pr:J;m:rciur.ar un .'l2Z de ,;o J:rados a cada ur.a de J as 

5rec1~ :l~ col:ertuca (ver pD.r ejeDp16 Fi9uca :!.Al 

cale,.:-.iv3.me1:te ,1r:eran p2ra p:!'.'oporcion.ar un Juego ae 

y C'7-r9, respi.:ct:l·12.r.,ente 

Sup:J:1iendo un;,,. frec.u.,,n,:-i a pa:t ! ~1clnr·a RP de 8 30 M,-l_z, r.ada 

:,as cuatr.o 
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man:p .. lada po;:- unD de los ampl::i.E1-:adores :>CM-507. En 

4%-489. 

I!:n u.:1a .nodal1clad e:,emplc los :?lementc,11.: de r2c.;;..cde 

p.:-cycctan a un angu::.o de 40 grajo.;, a ,mo?. de las tres 3.reas 

de, cc,bertu.ca adyct.::entEs. Los t.:cc:E Jiac:es p::-oyectcdos ;Jo~ un 

:;;;:-ados. :-re:c; de est.us par.eles porl:riar:i moflt.arse 

pro-po..:-c:icnar 'Jn juego de rrne·,e hc.r:es qu€ abarq;;u<m un a:rcc 

de 3i:G grados. 

2C• p:,:-eferidag se proporciur.a pa;:-a permitir a cu2._q-..iier persona 

cci...:,po v los ,;-r:in.c;.-p1os ge.11<'.>.riccs d.efinid'Js 0.qu1. p'.te/l.e.r, 

ctqui. Por eje:npl.a, ademas de d.i.:r::o.qi r:;,e a ::.a r.c-ecsidad d~J 

1z~ a:-d.91:a::lC>n j.e can.ales de tra:tico :tle;rinles co1110 

de los usu0.r1os, el metodo y i;;l apacc1Lo t:c ;i.a iover,c:i(m 

puccd2n emp::.;;a:::se pare,. aJust:arse a cambi.o~ o. largo t::irnrioo 

poJJlac::.611 y er, 10s pat.ronEs de conatr•;cci6r:t ciF.:Dtro de 1~,:, 
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por Lo .nenor, un vbUa[io en ur! siso:.e,-,,a cte. cor~u:11c~1c-"\.0~1 de 

y u,1a ~;,:11!\erc:. t.~i':ial ,!e jr:fncm.;;.ci6n y para :;,i:aporcioriar uita 

r.-odu:lac:i.6r-. bctciend.u L~l.ardct[ :ta p::-::.rner.-:: serial C'.8 nodulacic:.1 

'.J•J m!:di:J rara tram-11~i1.1r se1ectivame::1.te la 

21.' pr:i. -r,e.ca y :i.a stc!g,,iid,-,:. ~;t1f:c.1J cc de r;,odtlac:i.:'ln respect1va1oontc~ 

a lc1. pi::irr.er~:i y J.,;i .,;e~;1,i,d~'I 6.r:eas G.e c:ober-tura; 

p_·-'u_-- j &e::timk :;;1:f:oJ.~x, d>-:: :~oc\1.1lr'lc:i.6n na por re.sult3.do 

dond,~ :,e J.nc1uy~ el per: lo r,cenos urJ ll!';Ua.ri.o. 

" 

uie:l..i.u:o _pc:1.i:o. t.ian5rnl.t.i~· J.a ~i·ir:e:CT y 1,~ se:;unda seflales de 

,:o r.e.di.o para t..r:0.11<,1.c_tix se1ec':.lvar.ieo:eo lu 

J.5 lc1 s-e9cm:::la area d~ ,;ol;ei lur.a y o la ter,:e:::-a area de 

te.ccei:o y j,_a cua.;La c-.-:Uctll~:,, dl" mod-ila,:i6n da per resulta.do 

2C 

df'.::. c6di:30 l?N pi:edettcLrn.iu,1dlJ lo. p.c1:r.CYc) y le S9guncta 
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55 

med10. pa'!."<'. tcausrnitir Eele~r.:is::Jrr,ente J a p:i:-imara y 

opcr.,icidn del ai ilt.crrJ'l. 

b):::.:.,,-,9.ca s~dial de infonnaci6r, nl por :,c rrienos un •..isuar:ic; ;::on 

d,J.i ccid.J.30 PN, 1, nedlG1:1 pa.r:a d9mGdula-.:: J.a pr:imera y ];; 

se'1ales demodulai::I<'.& q·..112 '..lt.i_i;:c,,11 la i:epJii:..o1 ;le] ;::c:-..rr.c:r: 

c6digo r,N, 

cior.de, 61 :i:"e-:::apt.o:;: i,v::lt..ya ,nedioc pa.t:3 ::oatb:-..nor. 

sit.-:.o ce].u]ar ir:r::luye u.n t:i:ans-i:,i.-::or do2: oicio c•,~lu:.~H-, ~:} 

prcparciona.~ incJ •~yF. un med:-..o pc.za geneza:;; el aegt..ndci jucgo 

pr;mer. j1.1c~:,10; y 

ur. pri,r,e:- nie,dio pa,:a t.ran.:;ruti.t: sal.:cl::ivamenle, 
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c&.LuJ.a, en don,;€' el tam.?.foo d~l Ft::imc;,r. S!,Ctor de 1.J.::n;.0rio 

va:r::.a a t:cavto'!'. d& Ja tr.:i.m::mLsi6n seleci::iva del prirner::i y 

<U siste,1a srag,i~1 I" reJ vimiicac:i6ri 9. 

cl.oJ~OC-' el ;:,rim6r medlO para. c:anmuit·ir 8e1ect:!vamente 

colle~·i:u::-,J, :respectivar,cente, .il prirnG-1'. hc1z Jleva <?l prirr,e:. 

select::.vamentc-, 1ncJuyF: 

" 
:-ad<'. pa.!' C!e la segurd.:i. 

:L3 El ::ransmisor seau11 la 1e1v.:.:1di Cil :i611 0, q:11° 

t.n l;"tgu:1do 1neU.i.u pc1ra ;:;::c,po:r.cionar tercero y 

dentro de:,_ t:ercet Jtte~\, · 

ei:.ve~i.1\; UL:,penoc: re1Jp~::cti·h1m€11te hac1c. la p::::·imeca y la 

:;,e;::r,1ndc. cl,e.;<, de ~oLe,tcra de:.itro ce .J.a 1l01 lo me-nos 11a& 

,,a,l.,;: de ctcu•-.!1'.!o 0:01: J~; .::oncer:t:rac:i.On C!e UG1.:ai~:.o en (". 
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" 
rer:il;ir ,;na versi,Sr, resardafla cle Jct BRrirtl de infc1-7"1&.ci0I1 

d(;: infcrrn,1c:iCn r.ec1bicas y p,:;.:ra pr:oporci ln se:f:ial 

re;1..-ultc:.nte a 1_.r, '.lSua::::isl Uel s1s:ema 

f!O'- lu :ce:Hx, 1:0 t1suarl.o e:. un s1s::.ama de como1 :c,1c"'l6n d.,;, 

aod•~1ad6n replicando 12 pri:nei~a s1:i:al clc~ mod,1laci6n, 

i:n "'.edio pai:a <!lJnear J ,1 i;,ri;r;er;,. y I a segundai! 

n..06~11:a.,;i(:o r::a;:;e, y para t.t?.r:smit:ir 

p•.lrr,~r;,, y la segunda ser,ales 1je c11:dulac:i{m na :ror I'<'~mltadu 

Cl 5j_5:;ema segu".l la. re1vLrttl:::,1ci6n 

60 

aon:~e e.1 m~:d:i.o :,,na crC>0srr11 r::1r select1.vamerd:;; '.ncluye 

1:,c.;di:;s para permiti.r se-1ecti•1a.men1-e la pJ:iJ1e~:·ct y 1,1 "lC-'gDnda 

sen.ales de m:Jdulac:i.6c1, :·espectiva:r.e:1te ha.cia p!imen>. y 

o;eli-;c:.i·-'crn,,~nl.>-~ te::-c .. Jrd y c..iarta setialea de moct1lac1(;n 

sl&:.ern"-, la t~rc~J: 5c~fl;,.1 (.~J :r-:oct,.ilactQn es esenc1almeo:.e 

:i.;. Uo :3j st.~JrtH te co,.,:.i::11cac::..,::m de Sl:sc:npt:c:r-

r::elular en ctonde lvs t.Euarios dew::ro de p,J:· .!.t~ rr.e:1,Jc, on'l de 

lo.E sel'la.les de :tntocmacior. dE' comun1c:r::ci..6:1 ce.lular ent:.rF 

ro<ll.o;,: m~<l .... c1r,tt pvi lo c,:e:1os ur. s1:.lo t:eJuJcn CjlJe ,;tiliza 

p:·:i.11;;:cos medias r;;,ara proporc10:,ar el pcj1nero y P 1 

pri,roer secLor de• u:;n:ar.:io dr• l<J. pr.Lr.12.i:a celu:.a. el r,iedio 

p:1.cct 1:copor.ci•Jndt j1:cl. 11·re medias o.el seg..i::ido Juego de 

~,e:1,::1P-G o,~ .i.ntm:.o-.cH.:L(•r. de espectro disperso :epl1ca.rdo c,;1i!a 
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1crirn1?.i:o y eJ 80:gurd-:i -; egos de, seri.,;:les de .ui.to.rn,aciOo 

ceJula, 2D clondc• eJJ tv;n;i:'in cie] prir,,er sec-tor de usuar.io 

seg•.m.cto :L1egcs de se:i'i.i'.lPr, dP -illfnrrnr.c.i.6n ~1inead.;,s &11 t;;,se 

10. Un mf':tcido _E:c:r:-t ! r.'l1:r.porr:a:t:" ;.,1fo:nnaci6n a [..>l.'l'. 

,.ma p:.i.1-:"<era ~-i-:tfa,l ,j:;, nndo psel"/3.oale;;.tc,r:.o (~Ni dG u:l 

20 

r,:och;l~1cJ!)o rc~e;u1to.ot~; 

proporcionc:i:- una segi.:nda aoef'Jal clF- rncdl1J_.,i~~i.6n wl 

ret.arcta:r la pr:.He.era <:e:i'ial d~J rnod"uJ a.c,.i.011 Fn un retardo 

G2 

<J~Jgu,idci d::-e".!s Ce cobsrc.ura; rnec!1;1.11: ~" ·_o c:.cJJ J.;:;. tl.'."ansmisidn 

,1,!='1..i.c1r.,t-= lo cual la t.cans:r.i8l(m Eeler.:tiva de l:1 

.t"ri.oei.c1 y lo se9u:16a 8o)f1~:1es de modular.:iC.n ja por resuJ.l:a:'!o 

1.a;i vc1(:i.-J.,.l6n de1 l,w~~i;c.1 Ucl seg•Ji1d.o secto~· de esuar10. 
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9'i!l:1Gi.Car, 3- una v~;luciC.ad ,:l,:;, chip pr~)det:~rndri;,da 

desviadio>.S .;;TJ fas€'; 

.,-,,,r'i11la.ci6f' r2c,11ltcn1C.P; y 

22 .'el mE:t.ucto ::;0gl2.r, l'l reivin,iic~aci6,1 

do~1dr> Pl pa,io rl2 t·tctrismiLi~· selec:ti·J..-imeoLe ::.:1c.11_;,e Pl pa8u 

ciH r-:-c1n<111'iur srl<?cfiva.mPr;<:C.> 18 r,-:rne:r,J y Lil. 8"c"gurirfo 

period-.:, de oper3ci6i-, del gj ster,,a 

la,; rfrp1icn:ci rlrel p:riml':r c:'id~go .Ni 

25 1<:l wE't:o,ia 3<eg1~0 .la T!?.i.vi'ldi.cacior1 24, :rue 

prim2r,·• y la segunda sEef:aJes ctemoculadas. 

c~::.ula se cu.w,micar. en,tre si sei'la.\.ea d.e 

-i.ofonna::1C!r. :-r.ecli.ante per lo menos w: s:i.t.io c:elula1· 

1_.1t:il i.v1TJdn seEaJ.e;i de com,_mic:a.c:ioo de (~,:;p~Jct.c-CJ clL~-per.so eo 

15 (]aule ~11 si;:ia celt.la:c 111claye un :.ransrnisor de sh:io 

,x•l,.d a:r 1!n metcidci cle tra.ns171i.:i{cn de se!1al pcovenie,1t.e del 

G:Lti.O Ge:.,JJr:t q~\8 •~O:r:pn:nde LC18 pcl~O{< de; 

de :infonnac::.-5,1. de espect.ro cispersc para tr0'1:.:!portarse :.,. 

lns 1,~~uari.o:, dentro de nn J)rimer. .:c•ctcr Cl\.) u.Euar10 d~ le,, 

r,,~~r,2ct :co \j1i::per80 retarC:an:!u cada una de .J.as seftales de 

:;.:1for.rriaci On ir:cl uiclrJ:, de--it t:o de~ l pr "i..1nc~.c :j uegc, · y 

trc.r.smitir sele::::u.varne:r;ce, (l.e1:tr.o de 1.m p>::Jrner 
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G5 

c~sp?.ct x:o dtspEt so, q:ue ,:om;:,re:nde los pas as t!r- · 

qenera.=, a una velo~: Ldad dP. chip ;, cc-,h>t..,,nd rad a 

pi:iuie: c(i,;ljgo l·N p:re,le'c:.er.,n~naao, 

,:orru:-inar la pr:rnera sel1al PN y un rri.rr.:->cct sei'i;;.l 

pr:lJ:1cc:·ion,Jr uncl. seg1.,r,da se:'.ial de mcd1~lc1.2i6n 

r29J.Lcc.r:do :La pr1mera sE:0.al de rwduJ;..cio:1: 

y l<I eec,m.ao. sehaleE Ce r:,od1..lac16i:. :;:esuJ i:.a.nt'<'.\'. ,-,1 i_n,a,;;id;,,\l' en 

t:·cJ.rn;r:ll ,::j1!:J pc,r.: lo nt2110s a un us•.1ario er, ur, si e:tP.CTo-'l n,, 

::0m1;ntcaci6n de espectr:- diSpETBC, [;UP. comprc~nde: 

:i::ec·,.o:i c s12lec:tJv.;,:ne~1,:E- una segundn. .c:,c,fial proven:i.eat.e de un,J 

r:6dig::i .c'£J pre,ceterminado; 

i::i1: de pro6.ucir una se.nl ret2.::dadcJ., .~1 r<:>r:ardo se 

sE::.ccciona ir.versamenle a ur,a ve?Jc)c.cd;1,;; r'!c, chi;-, r'le 1;;, se'ia.L 

1::, ur. m~Jci.lo po,,ra co:r.Qi.ricr ,:;oherencemente }a ,~P,ronr'lv 

rnoc1u1aci6ri ri-:su1-tdnte. 

ii1cluido eJ poc lo rrienos ·,m ueuar10. 

~n<::luye 2.G.er:,cis: 
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" 

SF. rec:ib€1' resuec:t:1v3mente a l::al'(,s dc0 J,J 8c-'gur.6<1 hast:2 J;;. 

i::e:r.cera anser.as, 

1.m r::,ed1.c parc1 CE't;,n'.a:r la t2rcer Etfi.al n?c.ib~ ,fa. ,:, 

med:.ante lo ::;<1-l la :cet:cpcJ6n selec::i,;;o '1ic> la 

JO. !!l sister,1a SS!giln Jn t?.iVLOt!:.::,Jcl:'in 1, yen 

dor'.de el medio para t:can>J~ut1..: setect.Lvarr;:,,nt"' lo? 9rlmera y 

:.::a ,,todula~i6n y el i,:Cimc-ro y el aegund.o comr,0nE-11~es de::, 

Un tra,.1sceptc,:c de~ c,)r.r.1oi ca.r.i,:nr<s colocado 

der,tro ct~::- unn pr_i.l1\2ca ce::,Jula ,ie un siscema dee C"lMHJ:c;,,::.6n 

ci;-:C.ulc.1r el i:ran~1c2pt:;r ccrnpr:eride 

25 tin sl stema de :mter,a pai:a 91:0:,,~x.1:ar 1lO patr6n de 

68 

;r,ed10 ba.aco de- c·,:nal, a,:,oplado 

pcoyec:1~e a fin de sect:oriza.c la p:c:.rr.cr ::.:~11:1a rrJ 
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(57) Abstract 

In a digital telephone system, a digital private 
automatic branch exchange (PABX) (!O) has a plural
ity of digital line cards (22·2n for coupling the 
PABX (IO) two respective digital subscriber sets (44) 
via subscriber lines. In each digital line card (22), a 
digital loop transceiver (36) operates in a master 
mode to couple the digital data bus (28') of the PABX 
(10) to the subscriber line via a subscriber line inter• 
face circuit (38) in response to control signals pro
vided by the PABX (JO) on the control bus (26') there
of. In each digital subscriber set (44), a digital loop 
transceiver (36;} operates in a slave mode to couple 
the subscriber set (44) to the subscriber line via a sub
§criber line interface circuit (38) and to provide the 
several control signals required by the other compo
nents thereof. The digital loop transceivers (36') pro
vide communication on each of two communication 
channels, with the digital data words of the first chan
nel being treated the same as the digital data words of 
the second channel. 
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DIGITAL LOOP TRANSCEIVER FOR INTERFACING 

A DIGITAL PABX TO A DIGITAL SUBSCRIBER SET 

VIA A SUBSCRIBER LINE 

Technical Field 
This invention relates generally to digital telephone 

systems and, more particularly, to a digital loop 
transceiver for use in a digital telephone system 
comprising a digital PABX and a plurality of digital 
subscriber sets. 

Background Art 
When a voice call is made using a conventional analog 

10 subscriber set, only a small portion of the frequency 

?pectrum available on the typical subscriber line is 
utilized. During the development of distributed data 

processing systems, an effort was made to utilize the 

existing subscriber line network to· facilitate 

15 communication of the digital data used by such systems. 

Various types of modulator/demodulator (modem) devices 

have been developed to take advantage of the latent 

capability of the subscriber line network to support 

digital data communication at data rates significantly 

20 greater than that required for analog voice oommunicationo 

For example, synchronous modems are commercially available 

which utilize the differential phase shift keyed {DPSK) 

modulation/demodulation technique to provide data 
communication at rates up to 9600 baud. However, even in 

25 the digital private automatic branch exchanges (PABXs) 

which support intra-exchange communication of voice 
information in the form of digital PCM voice data words, 
the response characteristics of the several analog 
components of the typical analog line card used therein 

30 generally prevent reliable communication at higher rates. 
Several techniques have been proposed for providing 
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higher speed digital data communication between 

subscribers through such PABXs. However¥ such proposals 
typically require the installation of additional pairs of 

subscriber lines to subscribers requiring the service 
5 and/or redesign/modification of the particular PABX to 

provide the capability to process the pure digital data 
words in a manner different from the digital PCM voice 

data words* 

10 Summary of the Invention 
Accordingly, it is an object of the present invention 

to enable digital data words to be communicated at 
significantly higher speeds over the existing, installed 

base of subscriber lines, without any redesign or 
15 modification whatsoever of the conventional digital PABX. 

In accordance with the present invention·, the analog to 

digital conversion function required to support voice 

communication in the digital PABX is transferred from the 
PABX to the subscriber set itself, by moving the 

20 conventional codec/filter from the analog line card to the 
subscriber set, and by interfaceing the codec/filter and 

the PABX to the subscriber line via a pair of digital loop 
transceivers (DLT} constructed in accordance with the 

present invention* The existing subscriber line is then 
25 converted from the typical, relatively low speed analog 

link · into a high speed data link by providing, at both the 
subscriber and exchange ends~ a subscriber line interface 

network which is responsive to the much higher 
f:i::equencies, e.g & up to about 256 kHz, otherwise 

30 unavailable on the typical subscriber line. 

Once the subscriber set has been converted into a 

digital form and the existing subscriber line upgraded to 

a high speed data link in accordance with the present 

invention, the digital PCM voice data words and associated 
35 signalling information for a single voice call will 

require only about half of the bandwidth available on the 
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subscriber line. Accordingly, the preferred form of the 

DLT of the present invention simultaneously supports a 
second communication channel, with the digital data words 

and associated signalling information of the second 

5 channel being time multiplexed with the digital data words 
and signalling information of the first channel~ However, 

as far as the DLT is concerned, neither, either or both of 

these channels may carry PCM voice data words, depending 

upon the requirements of a given subscriber~ 

Brief Description of the Drawings 

Figure 1 is a block representation of a private 

automatic branch exchange (PABX) adapted in accordance 

with the present invention. 

15 Figure 2 is a schematic diagram of an analog line card 

for use in the PABX of Figure 1. 

Figure 3 is a digital line card constructed in 
accordance with the present invention for use in the PABX 

of Figure 1. 

20 Figure 4 is a digital subscriber set constructed in 

accordance with the present invention to communicate over 

a subscriber line with the digital line card of Figure 3~ 

Figure 5 is a digital loop transceiver {DLT} 
constructed in accordance with the present invention for 

25 use in the digital line card of Figure 3 and the digital 

subscriber set of Figure 45 

Figure 6 is a schematic representation of a 4-wire 
communication system between the DLT in the digital line 

card of Figure 3 and the DLT in the digital subscriber set 

30 of Figure 4. 

Figure 7 is a timing diagram illustrating a typical 

exchange between the DLT in the digital line card of 

Figure 3 and the PABX of Figure 1. 

Figure 8 is a timing diagram illustrating a typical 

35 exchange between the DL'l' in the ;subscriber set of Figure 4 
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and the codec/filter therein. 

Figure 9 is a schematic representation of a 2-wire 

communication system between the DLT in the digital line 

card of Figure 3 and the DLT in the digital subscriber set 

5 of Figure 4 ~ 

Description of the Preferred Embodiment 

Shown in Figure i is a conventional private automatic 

branch exchange (PABX) 10 comprised generally of a main 

10 call processor 12 having associated memory 14, a time slot 

interchange circuit 16, a set of call processing 

microprocessors 18-18', each having an associated memory 
20-20', and a plurality of conventional analog line cards 

22. In the illustrated form, the PABX 10 also includes at 

15 least two digital line cards 22 1 constructed in accordance 

with the present invention. 
In a typical digital telephone switching system such as 

the PABX 10, the main call processor 12 coordinates, via a 
system bus 24, the call processing activities of each of 

20 the several call processing microprocessors 18-18'. In 

turn, each of the call processing microprocessors 18-18' 

controls, via respective control buses 26-26'~ the 

communication of digital PCM voice data words via 

respective data buses 28-28' between the several line 

25 cards 22 assigned to such microprocessor 18-18'~ 

In general, each of the analog line cards 22 comprises 

a time slot assignment and control circuit {TSAC} 30 for 

selectively enabling a codec/filter 32 to digitally encode 
an analog voice input signal received via a subscriber 

30 line interface circuit (SLIC) 34 from a conventional 
single channel subscriber set (not shown) coupled to tip 

and ring conductors for output as a digital pulse code 

modulation {PCM) voice data word on the respective data 

bus 28-28', and to decode a digital PCM voice data word 

35 received on the data bus 28-28 1 for output as an analog 
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voice output signal to the subscriber set (not shown} via 

the SLIC 34. Shown in Figure 2 is a circuit schematic for 

such a conventional analog line card 22, using components 

commercially available from Motorola. The various control 

5 and data signals which are provided to or by the line card 
22 are generally referred to as the ~backplane" of the 

PABX 10. 

In a typical telephone call initiated by a subscriber 
served by a wsource~ line card 22 controlled by, say, the 

10 call processing microprocessor 18 to a subscriber served 
by a fldestinationft line card 22 controlled by, for 
example, the call processing microprocessor 18 1 , the TSAC 

30 on the source line card 22 initially detects via the 

associated SLIC 34 that the source subscriber set is off 
15 hook, and routes the call routing information to the call 

processing microprocessor 18 for transfer to the main call 

processor 12. If the destination line card 22 is not 
indicated in the memory 14 as being busy, the main call 

processor 12 then requests the call processing 
20 microprocessor 18' to notify the destination line card 22 

of the call. If, upon providing the system-generated ring 
signal to the destination subscriber set via the 

respective SLIC 34, the associated TSAC 30 advises the 
call processor 18' that the destination subscriber set has 

25 been taken off hook, the call processing microprocessor 
18' advises the main call processor 12 that-the requested 

connection has been established. During a particular 

transmit time slot assigned by the main call processor 12, 

the TSAC 30 on the source line card 22 enables the 

30 associated codec/filter 32 to encode the analog voice 

signal then being received from the source subscriber set 
via the SLIC 34 for output as a digital PCM voice data 

word onto the data bus 28. Meanwhile, the main call 
processor 12 has enabled the time slot interchange circuit 

35 16 to couple the data bus 28 to the data bus 28' to 

DEF0002894 

IPR2020-00033 Page 01777



WO83/02379 PCT/US82/01435 

-6-

facilitate the requested intra-exchange communication of 

the digital PCM voice data word~ Simultaneously, the TSAC 

30 on the destination line card 22 enables the associated 

codec/filter 32 to decode the digital PCM voice data word 

5 on the data bus 28' for output as an analog voice signal 

to the destinati.on subscriber set via the SLIC 34 e In a 
similar manner, but during a different receive time slot 

assigned by the main call processor 12, the destination 

line card 22 is allowed to encode the analog voice signal 

10 received faom the destination subscriber set for 

transmission as a digital PCM voice data word via data bus 

28', interchange circuit 16 and data bus 28 1 to the source 
line card 22 for decoding and output to the source 

subscriber set,. If this exchange of dig :i.tal PCM voice 
15 ·aata words occurs at a sufficiently high frame rate, say 

of the order of 8kHz, then it will appear to each of the 

subscribers that there is a direct analog link between 

their respective subscriber sets. 

In the general form shown in Figure 1, each of the 

20 dig ital line cards 22' comprises a time slot assignment 

and control circuit {TSAC} 30' for selectively enabling a 

digital loop tranceiver (DLT) 36 (see Figure 5) to receive 

digital data words via a subscriber line interface network 

38 from a dual channel, digital subscriber set, such as 

25 that shown in Figure 4, which is coupled to respective 

receive and transmit pairs of tip and ring conductors, for 

direct output on the respective data bus 28-28 1 in the 

same manner as the digital PCM voice data words are output 

by the codec/filter 32 in the analog line cards 22; and to 

30 receive digital data words on the data bus 28-28 1 for 

direct output to the subscriber set via the subscriber 

line interface network 38« Shown in Figure 3 is a circuit 

schematic for the digital line ·card 22 1 , wherein: the TSAC 

30' comprises a pair of the Motorola time slot assignment 

35 circuits (TSACs), one for each of the two digital 
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communication channels the digital line card 22' is 
capable of simultaneously supporting, the DLT 36 comprises 

an integrated circuit constructed in accordance with 

Figure 5: and the subscriber line interface network 38 

comprises a transmit isolation transformer 40 coupled to 
the tip and ring conductors which comprise the receive 

pair of the subscriber line and a receive isolation 
transformer 42 coupled to the tip and ring conductors 

which comprise the transmit pair of the subscriber line. 
10 As illustrated in Figure 3, the digital line card 22' 

responds to and provides the same control and data signals 
which are provided to or by the analog line card 22 via 

the backplane of the PABX 10. 
Shown in Figure 4 is a dual channel, digital subscriber 

15 ·set 44 constructed in accordance with the present 

invention. In general, the subscriber set 44 comprises a 

digital loop transceiver {DLT) 36 1 {see Figure 5) for 
receiving digital data words from the digital line card 

22' {'see Figure 3) via a subscriber line interface network 
20 38' coupled to respective receive and transmit pairs of 

tip and ring conductors, for output, if digital PCM voice 
data words, to a conventional codec/filter 32' for 

subsequent decoding and output as an analog voice output 

via a voice I/0 network 46, or, if digital data words, to 

25 a subscriber data processor {not shown) via a data port 
48: and for transmitting digital data words provided 

either by the codec/filter 32 1 in the form of digital PCM 

voice data words or by the subscriber data processor in 

the form of digital data words, to the digital line card 

30 22' via the subscriber line interface network 38'.. In the 

preferred form, the voice I/0 network 46 includes a voice 

input portion 50, and a voice output portion 52; the DLT 

36' comprises an integrated circuit constructed in 
accordance with Figure 5; and the subscriber line 

35 interface network 38' comprises a transmit isolation 
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t~ansformer 40' coupled to the tip and ring conductors 

which comprise the transmit pair of the subscriber line 
and a receive isolation transformer 42' coupled to the tip 

and ring conductors which comprise the receive pair of the 
5 subscriber lines In the illustrated form, a conventional 

tone generator 54, such as the Mostek MK5087, interacts 
with a dial keypad 56 and the voice I/0 network 46 to 

provide the call routing information required to establish 

each of the two communication channels, while a 

10 conventional hook switch 58 provides call initiation 
signalling information to the DLT 36'. An audible 

indication of an incoming call is provided via a ringing 
transducer 60~ A subscriber set power supply 62 derives 

operating power for the several components of the 
15 subscriber set 44 from the subscriber line. in a 

conventional manner9 
Shown in Figure 5 is a block diagram of the digital 

loop transceiver (DLT) 36, constructed in accordance with 
the present invention. In general, the DLT 36 comprises a 

20 digital interface portion 64 for interfacing with the PABX 

10 in a master operating mode and with the codec/filter 32 
and subscriber data processor in a slave operating mode, a 

modulator/demodulator portion 66 for transmitting and 

receiving digital data words via the subscriber line, and 
25 a sequencer and control portion 68 for controlling the 

sequence of operations performed by the digital interface 

and modulator/demodulator portions 64 and 66, 

respectively. 
In the digital interface portion 64, a receive (RX) 

30 control circuit 70 responds to either of two channel 
receive enable signalsr RE1 and RE2, by enabling a receive 

(RX) register 72 of the shift register type to serially 
receive digital data bits via a receive (RX) terminal in 

synchronization with a receive data clock (RDC) on a 
35 CLK/RDC terminal. When a predetermined ,. f:t:ame'" of data 
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(see discLBsion below) bas been received, the sequencer 
and control portion 68 enables the RX register 72 to 

transfer the ntransmit~ frame of data in parallel into a 

transmitter (XMIT) register 74 in the modulator/ 

5 demodulator portion 66~ Simultaneously, the then-current 
states of the two channel signalling bits on respective 

S1I and S2I terminals are latched and inserted into the 

frame of data in the XMIT register 74. Substantially 

independently, the sequencer and control portion 68 

10 enables a transmit (TX) register 76 to receive a wreceiven 
frame of data in parallel from a receiver (RCV) register 
78 in the modulator/demodulator pclrtion 666 

Simultaneously, the two channel signalling bits in the 
receive frame of data are latched and outputted on 

15 respective S10 and S20 terminals6 In response to either 
of two channel transmit enable signals, TE1 and TE2, a 

transmit (TX) control circuit 80 enables the TX register 
76 to serially transmit the receive frame of data via a TX 

terminal in synchronization with a transmit data clock 

20 (TDC) on an X1/TDC terminalQ 

In the modulator/demodulator portion 66, a digital to 
analog converter (DAC} control circuit 82 periodically 

enables a digital to analog converter (DAC) 84 to transmit 

the transmit frame of data in the XMIT register 74 to the 
25 transmit transformer 40 in the subscriber line interface 

network 38 using a differential pair of output drivers 86 

and 88 coupled to respective line output terminals L01 and 
L02. In the preferred embodiment, the DAC 84 utilizes a 

burst differential phase shift keyed (DPSK} modulation 

30 technique at a carrier frequency of 256 kHz. 

Substantially independently, an input buffer 90 of the 
differential to single ended output type in the 

modulation/demodulation portion 66 couples the signal 

received from the receive transformer 42 in the subscriber 

35 line interface network 38 via line input terminals LI1 and 

DEF0002898 

IPR2020-00033 Page 01781



W083/02379 PCT/US82/01435 

-10-

LI2 to a sync dete,:tor 92 via a window detector 94 and to 

a correlator 96 via a comparator 98. As phase shifts of 

the proper form are decoded by the correlator 96, the 
8 decodedw bits are shifted into a shift register portion 

5 thereof which maintains the most recently received set of 

data bits which might constitute a frames When the energy 

of a DPSK signal of the proper frame length is detected, 

the sync detector 9 2 provides a valid sync signal to 

enable the correlator 96 to transfer the receive frame of 

10 data bits being maintained therein, in parallel to the 

RCV register 78~ A demodulator having a sync detector and 

correlator of suitable form is shown and described in 

copending u.s. Patent Application Serial Noe 332,408~ A 

switched capacitor bandgap reference 100 similar to that 

15 shown and described in copending U.~ Patent Application 

Serial No. 231,073 provides a precision reference voltage 

to the DAC 84, the window detector 94, and the comparator 

98. Periodically, the offsets of the input buffer 90, the 

window detector 94, the comparator 98, and the bandgap 

20 reference 100 are zeroed by an auto-zero circuit 102 in a 

manner similar to that shown and described in copendj_ng 

U.S. Patent Application Serial No. 231,079. 

In operation, the DLT 36 provides duplex communication 

of digital data words on a pair of independent channels 

25 and a signalling bit associated with each of the channels, 

between the duplex subscriber line and a digital data 

port. In a typical line transmission operation, the RX 

register 72 successively receives a digital data word for 

each of the channels in synchronization with the receive 

30 data clock, with the dig ital data word for the first of 

the channels being received from the digital I/0 port via 

the RX terminal in response to the first of the channel 

receive enable signals, RE1, and the dig ital data word for 

the second of the channels being received from the digital 
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I/0 port via the RX terminaJ. in response to the secona of 
the channel receive enable signals, RE2. After the last 

data bit of the frame has been clocked into the RX 

register 72, both data woras are transferred to the :XMIT 

5 register 74, and the then-current states of the respective 
channel signalling bits on the Sil and S2I terminals added 

to complete the frame. As soon as the frame has been 
assembled, the DAC control circuit 82 actuates the DAC 84 

to serially modulate the first and second digital data 

10 words and the respective channel signalling bits in the 

frame, for transmission via the transmit transformer 40 to 
one of the pairs ~f wires in the subscriber line. 

In a typical line reception operation, the sync 

detector 92 monitors the signal received via the receive 

15 transformer 42 on the other pair of wires in the 
subscriber line, and provides a valid sync signal in 

response to detecting the energy of a DPSK modulated 
signal of the proper frame length. Meanwhile, the 

correlator 96 has been serially demodulating the 

20 sequentially received bits which might constitute a frame 

containing a digital data word for each of the channels 

and the respective channel signalling bits& In response 

to the valid sync signal, indicating that a valid frame 

has indeed been received, the correlator 96 transfers the 

25 frame to the RCVR register 78. At an appropriate time 
depending upon the mode of operation, the frame is then 

transferred from the RCVR register 78 to the TX regfster 
76 and the respective channel signalling bits latched for 

output on the S10 and S20 terminals« The TX register 76 

30 then sequentially transmits the digital data words in 

synchronization with the transmit data clock, with the 

digital data word for the first channel being transmitted 

to the digital I/0 port via the TX terminal in response to 

the first of the channel transmit enable signals, TE1, and 

35 the digital data word for the second channel being 
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transmitted to the digital I/0 port via the TX terminal in 

response to the second of the channel transmit enable 
signals, TE26 

Shown in Figure 6 is a schematic representation of a 
5 4-wire or duplex subscriber line which has been coupled at 

the .exchange end thereof to the DLT 36 i.n the digital line 

card 22' via the transmit and receive transformers 40 and 

42, respectively, and at the subscriber end thereof to the 
DLT 36' in the digital subscriber set 44 via the transmit 

10 and receive transformers 40 1 and 42', respectivelye In 
the dual-channel form of the duplex system, a frame of 

data comprises an 8-bit dig ital data word for the first 
channel, an 8-bit digital data word for the second 

channel, and the signalling bits for the first and second 
15 -channels. Preferably, the frame also includes a parity 

bit, either even or odd, as desired. A suitable frame 
format is illustrated in Figure 6. 

In the digital line card 22' shown in Figure 3, the DLT 
36 is placed in the ma.st.er mode of operation by a logic 

20 high signal on a master/slave (M/S) terminal o In the 
master mode, the DLT 36 emulates the codec/filter 32 with 

respect to the backplane by receiving/transmitting the 
digital data words just like the codec/filter 32, and by 

responding to the various control signals just like the 
25 codec/filter 32e In particular, the RX register 72 

successively receives a digital data word for each of the 
channels in synchronization with the data clock provided 
by the PABX 10 via the backplane, with the data word for 
the first channel being received from the backplane via 

30 the RX terminal in response to the RE1 signal provided by 

a respective one of the TSACs 30 during the receive time 

slot assigned to the first channel, and the data word for 
the second channel being received from the backplane via 

the RX terminal in response to the RE2 s :i.gnal provided by 

35 the other TSAC 30 during the receive time slot assigned to 
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the second channel~ In response to the next master sync 

input (MSI) received via an X2/MSI terminal after the last 

data bit of the frame has been clocked into the RX 

register 72, both digital data words are transferred to 
5 the XMIT register 74, and the then-current states of the 

respective channel signalling bits provided via the S1I 

and S2I terminals by the TSACs 30, respectively, added to 

complete the frame6 As soon as the frame has been 

assembled, the DAC control circuit 82 actuates the DAC 84 
iO to serially modulate the first and second digital data 

words and the respective channel signalling bits in the 

frame, for transmission via the transmit transformer 40 to 

the receive pair of wires in the subscriber line. 
Simultaneously, the sync detector 92 monitors the 

15 ·signal received via the receive transformer 42 on the 

transmit pair of wires in the subscriber line, and 

provides the valid sync signal in response to detecting 
the energy of a DPSK modulated signal of the proper frame 

length. Meanwhile, the correlator 96 has been serially 

20 demodulating the sequentially received bits which might 

constitute a frame containing a digital data word for each 

of the channels and the respective channel signalling 

bits~ In response to the valid sync signal, indicating 

that a valid frame has indeed been received, the 

25 correlator 96 transfers the frame to the RCVR register 786 

In response to the next MSI, the frame is then transferred 

from the RCVR register 78 to the TX register 76 and the 

respective channel signalling bits latched for output on 

the 510 and 520 terminals. The TX register 76 then 

30 sequentially transmits the digital data words in 

synchronization with the transmit data clock provided by 

the PABX 10 via the backplane, with the digital data word 

for the first channel being transmitted to the backplane 

via the TX terminal in response to the TE1 signal provided 

35 by the first one of the TSACs 30 during the transmit time 
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slot assigned to the first channel, and the digital data 

word for the second data channel being transmitted to the 

backplane via the TX terminal in response to the TE2 

signal provided by the other TSAC 30 during the transmit 

5 time slot assigned to the second channelM A typical 

sequential interaction of the DLT 36 with the TSACs 30, 
and with the PABX 10 is illustrated by way of example in 

the timing diagram of Figure 7& 

In the subscriber set 44 shown in Figure 4, the DLT 36 1 

10 is placed in the slave mode of operation by a logic low on 

the master/slave (M/S) terminal& In the slave mode, the 

DLT 36 1 emulates the functions of the TSAC 30 and the 

backplane with respect to the codec/filter 32' by 

providing the digital PCM voice data words and control 

15 signals necessary for the codec/filter 32' to operateF and 

by receiving the digital PCM voice data words provided by 

the codec/filter 32 1 just like the backplane. In this 

mode, the sync detector 92 monitors the signal received 

via the receive transformer 42 1 on the receive pair of 

20 wires in the subscriber line, and provides the valid sync 

signal in response to detecting the energy of a DPSK 

modulated signal of the proper frame length. Meanwhile, 
the correlator 96 has been serially demodulating the 

sequentially received bits which might constitute a frame 
25 containing a digital data word for each of the channels 

and -the respective channel signalling bitse In response 

to the valid sync signal, indicating that a valid frame 

has indeed been received, the correlator 96 transfers the 

frame to the RCVR register 78. The frame is then promptly 

30 transfer.red from the RCVR register 78 to the TX register 

76 and the respective channel signalling bits latched for 

output on the S10 and S20 terminals. The TX register 76 

then sequentially transmits the dig i.tal data words in 

synchronization with a transmit data clock generated by 

35 a prescaler and oscillator 104•using a crystal coupled 
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between the X1/TDC and X2/MSI terminals, with the digital 

data word for the first channel being transmitted to the 

codec/filter 32 8 via the TX terminal in synchronization 

with a TE1 signal generated by the TX control 80 relative 

5 to the last valid sync signal, and the digital data word 

for .the second data channel being transmitted to the data 

port 48 via the TX terminal in synchronization with a TE2 

signal generated by the TX control 80 relative to the last 

valid sync signal. 

10 In response to each of the valid sync signals proviaea 

by the sync detector 92, the RX register 72 successively 

receives a digital data word for each of the channels in 

synchronization with a receive data clock generated by the 

sequencer and control 68, with the digital PCM voice data 

15 word for the first channel being received from the 

codec/filter 32 1 via the RX terminal in synchronization 

with an RE1 signal generated by the RX control 70 relative 

to the last valid sync signal, and the digital data word 

for the second channel being received from the data port 
20 48 via the RX terminal in response to an RE2 signal 

generated by the RX control 70 relative to the last valid 

sync signal. In response to the next valid sync signal 

provided by the sync detector 92, both digital data words 

are transferred to the XMIT register 74 and the 

25 then-current states of the respective channel signalling 

bits provided via the SiI and S2I terminals by the hook 

switch 58 and, if appropriate, the subscriber data 

processor, respectively, are added to complete the frame. 

As soon as the frame has been assembled, the DAC control 

30 circuit 82 actuates the DAC 84 to serially modulate the 

first and second digital data words and the respective 

channel signalling bits in the frame, for transmission via 

the transmit transformer 40' to the transmit pair of wires 

in the subscriber line. A typical sequential interaction 

35 of the DLT 36 1 with the codec/filter 32" and the 
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subscriber data processor is illustrated by way of example 

in the timing diagram of Figure 8® 

Although the DLT 36 is designed to operate primarily in 

the dual-channel mode over a duplex subscriber line, the 
5 DLT 36 may be operated in an exchange which has only one 

pair.of wires in each subscriber line by applying a logic 
high to a format (FOR) terminal thereofo In the 

illustrated form of such a 2-wire system shown in Figure 

9, the half duplex subscriber line is coupled at the 

10 exchange end thereof to the DLT 36 in the di.gital line 
card 22 1 via a transmit/receive isolation transformer 106, 

and at the subscriber end thereof to the DLT 36' in the 
digital subscriber set 44 via a transmit/receive isolation 

transformer 106'¥ In the dual-channel form of the half 
15 duplex system, a frame of data comprises an 8-bit digital 

data word for the first channel, the signalling bit for 
the first channel, and a second signalling bit for use by 

the subscriber data processor as a digital data bit. 
Preferably, the frame also includes a parity bit, either 

20 even or odd, as desiredg A suitable frame format is 

illustrated in Figure 9e Since only a single digital data 

bit may be transferred in each frame, the effective data 

bit transmission rate is only 8kHz rather than the 64kBz 

of the duplex systemo However, this reduced data rate may 
25 be acceptable in situa.tions where the cost to install the 

second pair of wires in the subscriber line outweighs the 
benefits of higher transmission rateo 

These and other changes and modifications may be made 
in the arrangement or construction of the various parts or 

30 elements of the preferred embodiments as disclosed herein 
without departing from the spirit and scope of the present 

invention as defined in the appended claims~ 
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CLAIMS 
1. A digital loop transceiver circuit for providing duplex 

communication of digital data words on first and second 

channels and a signalling bit associated with each of said 

5 first and second channels, between a duplex subscriber 
line and a digital I/0 port, the transceiver circuit 
characterized by: 

receiver means for successively receiving said first 

and second of said digital data words and the 

iO respective signalling bits in synchronization with a 

receive data clock, said first dig ital data word and 

the respective signalling bit being received from 

said digital I/0 port in response to a first channel 
receive enable signal, and said second digital data 

15 -word and the respective signalling bit being 
received from said digital !/0 port in response to a 

second channel receive enable signal; 
modulation means for serially modulating said first and 

second digital data words and the respective 

20 signalling bits for transmission via a first portion 

of said subscriber line; 
sync detection means for detecting a modulated signal 

on a second portion of said subscriber line, and 

providing a valid sync signal in response to said 

25 detection; 

30 

35 

demodulation means fo~ serially demodulating, in 

response to said valid sync signal, third and' fourth 
of said digital data words and the respective 

signalling bits received via said second portion of 

said subscriber line; and 
transmitter means for transmitting said third and 

fourth digital data words and the respective 
signalling bits in synchronization with a transmit 
data clockr said third digital data word being 
transmitted to saia digital I/0 port in response to 
a first channel transmit control signal, and said 
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' 
fourth digital data word being transmitted to said 

digital data port in response to a second channel 
transmit control signal~ 

2. A digital subscriber set having substantially 

5 independent voice and data channels, said digital 
subscriber set characterized by: 

voice channel means for periodically providing a 

digital PCM voice data word representing a digitized 

voice input signal, and for receiving a digital PCM 

10 voice data word for output as a voice output 

signal: 

15 

20 

da.ta channel means for receiving a digital data 
word provided to said digital subscriber set. and 

for transmitting from said digital subscriber set a 

received digital data word; 

signalling means for selectively generating call 
control signals, including a transmit channel 

signalling bit, for each of said voice and data 

channels, and for providing an output signal in 
response to receiving a predetermined receive 
channel signalling bit for each of said voice and 

data channels; 
subscriber line interface means for coupling said 

digital subscriber set to transmit and receive 

25 . portions of a duplex subscriber line7 and 
the digital loop transceiver means of claim i coupled 

between said subscriber line interface means and 
said voice channel means, said data channel means 

and said signalling means. 

30 3. A telecommunication subscriber line interface 

circuit for coupling a digital switching system having a 
digital data bus and a control bus via a duplex subscriber 

line to a digital subscriber set having time multiplexed 

first and second a ig i ta.1 data channels, the inter face 

35 circuit characterized by: 
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time slot assignment and control means coupled to said 

control bus and responsive to control signals 
received therefrom and to first and second transmit 

channel signalling bits coupled thereto, for 
selectively providing first and second receive 

enable signals during respective first and second 

receive channel time slots, first and second 

transmit enable signals during respective first and 
second transmit channel time slots, and first and 
second receive channel signalling bits; 

subscriber line interface means for coupling said 

interface circuit to a transmit and a receive 
portion of said duplex subscriber line; and 

the digital loop transceiver means of claim 1 coupled 
15 - between said subscriber line interface means and 

said data bus, and to said time slot assignment and 
control means. 

4. A telecommunication subscriber line interface 
network characterized by a plurality of the digital 

20 subscriber sets of claim 2 coupled via respective 
subscriber lines and respective subscriber line interface 

circuits of claim 3 to a digital switching system having a 

digital data bus and a control bus. 
5. A dig ital subscriber set having substantially 

25 independent voice and data channels, said digital 

subscriber set comprising: 

30 

35 

voice channel means for periodically providing a 

digital PCM voice data word representing a digitized 
voice input signal, and for receiving a digital PCM 

voice data word for output as a voice output 
signali 

data channel means for receiving a digital data 

word provided to said digital subscriber set, and 

for transmitting from said digital subscriber set a 
received digital oata word; 
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signalling means for selectively generating call 
control signals, including a transmit channel 

signalling bit, for each of said voice and data 
channels, and for providing an output signal in 

response to receiving a predetermined receive 
channel signalling bit for each of said voice and 
data channels, 

subscriber line interface means for coupling said 

digital subscriber set to transmit and receive 
10 portions of a duplex subscriber line~ and 

15 

20 

25 

30 

35 

digital loop transceiver means coupled between said 
subscriber line interface means and said voice 

channel means, said data channel means and said 
signalling means, characterized by: 

sync detection means for detecting a modulated 
signal on said transmit portion of said 

subscriber line via said subscriber line 
interface means, providing a valid sync signal in 

response to the detection thereof, and providing 

first and second receive enable signals and first 

and second transmit enable signals in 
predetermined relationship to said detection1 

demodulation means for serially demodulating, in 

response to said valid sync signal, a digital PCM 
voice data word and a digital data word and a 
receive channel signalling bit associated with 

each, received from said transmit portion of said 
subscriber line via said subscriber line 

interface means; 

transmitter means for transmitting said digital PCM 

voice data word and said digital data word and 
the respective receive channel signalling bits in 

synchronization with a data clock developed by 
said transmitter means, said digital PCM voice 

data word being transmitted to said voice channel 
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1reans in response to said first transmit enable 

signal, said digital data word being transmitted 

to said data channel means in response to said 

second transmit enable signal, and said 

signalling bits being transmitted to said 

signalling means; 

receiyer means for successively receiving a digital 

PCM voice data word and a digital data word and a 
transmit channel signall:i.ng bit associated with 

each, in synchronization with said data clock, 

said digital PCM voice data word being received 

from said voice channel means in response to said 

first receive enable signal, said digital data 

word being received from said data channel means 
in response to said second receive enable signal, 

and said transmit channel signalling bits being 

received from said signalling means; and 
modulation means for serially modulating said 

dig ital PCM voice data word and said di.9 ital data 

word and the respective transmit channel 
signalling bits for transmission in response to 

said valid sync signal to said receive portion of 

said subscriber line via said subscriber line 

inter face means~ 

25 6. A telecommunication subscriber line interface 

circuit for coupling a digital switching system having a 
digital data bus and a control bus via a duplex subscriber 

line to a digital subscriber set having time multiplexed 
first and second digital data channels, the interface 

30 circuit comprising: 

35 

time slot assignment and control means coupled to said 

control bus and responsive to control signals 

received therefrom and to first and second transmit 

channel signalling bits coupled thereto, for 

selectively providing first and second receive 
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enable signal~ during respective first and second 

receive channel time slots, first and second 

transmit enable signals during respective first and 

second transmit channel time slots, and first and 

5 second receive channel signalling bits; 

sµbscriber line interface means for coupling said 

interface circuit to a transmit and a receive 

portion of said duplex subscriber linei and 

digital loop transceiver means coupled between said 

10 subscriber line interface means and said data bus, 

and to said time slot assignment and control means, 

said transceiver characterized by: 

15 

20 

25 

30 

35 

receiver means for successively receiving first and 

second digital data words and the receive channel 

signalling bit associated with each in 
synchronization with a receive data clock 

provided by said switching system, said first 

digital data word being received from said data 

bus in response to said first receive enable 

signal, said second digital data word being 

received from said data bus in response to said 

second receive enable signal, and said receive 

channel signa.lling bits being received from said 

time slot assignment and control means; 

modulation means for serially modulating said first 

and second digital data words and the respective 

receive channel signalling bits for transm.ission, 

in response to a sync signal provided by said 

switching system, to said transmit portion of 

said subscriber line via said subscriber line 

interface means; 

sync detection means for detecting a modulated 

signal on said receive portion of said subscriber 

line via said subscriber line interface means, 

and for providing a valid sync signal in response 

.. 
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to the detection t1ereof; 
demodulation means for serially demodulating, in 

response to said valid sync signal, third and 

fourth digital data words and a transmit channel 
signalling bit associated with each, received on 

said receive portion of said subscriber line via 

said subscriber line interface means; and 
transmitter means for transmitting said third and 

fourth digital data words and the respective 

transmit channel signalling bits in 
synchronization with a transmit data clock 

provided by said switching system, said third 

di.g ital data word being transmitted to said data 

bus in response to said first transmit enable 
signal, saia second digital data word being 

transmitted to said data bus in response to said 
second transmit enable signal, and said transmit 

channel signalling bits being transmitted to said 
time slot assignment and control means. 

20 7. A telecommunication subscriber line interface 
network comprising: 

a digital subscriber set having substantially independent 
voice and data channels, said digital subscriber set 

comprising: 
25 voice channel means for periodically providing a 

digital PCM voice data word representing a digitized 
voice input signal, and for receiving a digital PCM 

voice data word for output as a voice output 

signal; 

30 data channel means for rece1v1ng a digital data 

.35 

word provided to said digital subscriber set, and 

for transmitting from said digital subscriber set a 

received digital data word; 

signalling means for selectively generating call 
control signals, including a transmit channel 
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20 

25 

30 

35 

signalling bit, for each or said voice and data 

channels, and for providing an output signal in 

response to receiving a predetermined receive 
channel signalling bit for each of said voice and 

data channels; 
subscriber line interface means for coupling said 

digital subscriber set to transmit and receive 
portions of a duplex subscriber line; and 

digital loop transceiver. means coupled between said 
subscriber line interface means and said voice 

channel means, said data channel means and said 
signalling means, characterized by: 

sync detection means for detecting a modulated 
signal on said transmit portion of said 
subscriber line via said subscriber line 
interface means, providing a valid sync signal in 
response to the detection thereof, and providing 
first and second receive enable signals and first 
and second transmit enable signals in 

predetermined relationship to said detectionr 
demodulation means for serially oemodulating, in 

response to said valid sync signal, a digital PCM 

voice data word and a digital data word and a 
receive channel signalling bit associated with 
each,. received from said transmit portion of said 

subscriber line via said subscriber line 
interface means; 

transmitter means for transmitting said digital PCM 

voice data word and said digital data word and 

the respective receive channel signalling bits in 

synchronization with a data clock developed by 

said transmitter means, said digital PCM voice 

data word being transmitted to said voice channel 
means in response to said first transmit enable 

signal, said digital data word being transmitted 
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to said data channel means in respon5e to said 

second transmit enable signalir and said 

signalling bits being transmitted to said 

signalling means; 

receiver means for successively receiving a digital 

PCM voice data word and a digital data word and a 

transmit channel signalling bit associated with 

each, in synchronization with said data clock, 
said digital PCM voice data word being received 

from said voice channel means in response to said 

first receive enable signal, said digital data 

word being received from said data channel means 

in response to said second receive enable signal, 
and said transmit channel signalling bits being 

received from said signalling means; and 

modulation means for serially modulating said 

digital PCM voice data word and said digital data 

word and the respective transmit channel 

:s:i.gnalling bits for transmission in response to 

said valid sync signal to said receive portion of 

said subscriber line via said subscriber line 

interface means; and 

a telecommunication subscriber line interface circuit for 

coupling a digital switching system having a digital data 

25 bus and a control bus via said duplex subscriber line to 

said_ digital subscriber set, said interface circuit 

30 

comprising: 

time slot assignment and control means coupled to said 

control bus and responsive to control signals 

received therefrom and to first and second transmit 
channel signalling bits coupled thereto, for 
selectively providing fir.st and second receive 
enable signals during respective first and second 
.receive channel time slots, first and second 

35 tran.smit enable signals during respective first and 
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second transmit channel time slots, and first and 

second receive channel signalling bitsi 
subscriber line interface means for coupling said 

interface circuit to a transmit and a receive 

portion of said duplex subscriber line~ and 

dig i ta.l loop transce :iver means coupled between said 
subscriber line interface means and said data bus, 

and to said time slot assignment and control means, 
said transceiver comprising: 

receiver means for successively receiving first and 
second digital data words and the receive channel 

signalling bit associated with each in 
synchronization with a receive data clock 

provided by said switching system, said first 

digital data word being received ~rom said data 

bus in response to said first receive enable 
signal, said second digital data word being 

received from said data bus in response to said 
second receive enable signal, and said receive 

channel signalling bits being received from said 
time slot assignment and control means; 

modulation means for serially modulating said first 

and second digital data words and the respective 

receive channel signalling bits for transmission, 
in response to a sync signal provided by said 

switching system, to said transmit portion of 
said subscriber line via said subscriber line 

interface means; 
sync detection means for detecting a modulated 

signal on said receive portion of said subscriber 

line via said subscriber line interface means, 

and for providing a valid sync signal in response 
to the detection thereof; 

demodulation means for serially demodulating, in 

response to said valid"sync signal, third and 
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fourth digital data words and a transmit channel 
signalling bit associated with each, received on 

said receive portion of said subscriber line via 
said subscriber line interface means: and 

transmitter means for transmitting said third and 
feurth digital data words and the respective 

transmit channel signalling bits in 
synchronization with a transmit data clock 
provided by said switching system, said third 

digital data word being transmitted to said data 
bus in response to said first transmit enable 
signal, said second dig ital data word being 
transmitted to said data bus in response to said 
second transmit enable signal, and said transmit 

channel signalling bits being transmitted to said 
time slot assignment and control means. 
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1. {Amended} A digital loop transceiver circuit for 

providing duplex communication of digital data words on 

5 first and second channels and a signalling bit associated 

with each of said first and second channels, between a 

duplex subscriber line and a digital I/0 port, the 

transceiver circuit characterized by: 

receiver means for successively receiving a first and a 

10 second of said digital data words and of said 

signalling bits in synchronization with a receive 
data clock, said first digital data word and the 

respective signalling bit being received from said 

digital I/0 port in response to a first channel 

15 receive enable signal,. and said second digital data 

word and the respective signalling bit being received 

from said digital l/0 port in response to a second 

channel receive enable signali 

modulation means for serially modulating said first and 

20 second digital data words and the respective 

signalling bits for transmission via a first portion 

of said subscriber line; 

25 

30 

35 

sync detection means for detecting a :modulated signal 

on a second portion of said subscriber. line, and 

providing a valid sync signal in response to said 

detection; 

demodulation means for serially demodulating, in 

response to said valid sync signal, a third and a 

fourth of said digital data. words and of said 

signalling bits received via said second portion of 

said subscriber line; and 

transmitter ~eans for transmitting said third and 

fourth digital data words and the respective 

signalling bits in synchronization with a transmit 

data clock, said third digital data word being 

transmitted to said digital I/0 port in response to 
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a first channel transmit enable signal, and said 

fourth digital data word being transmitted to said 
' digital data port in response to a second channel 

transmit enable signal. 

2. (Amended) A digital subscriber set having 

substantially independent voice and data channels, said 

digital subscriber set characterized by: 

voice channel means for periodically providing a 
digital PCM voice input data word representing a 
digitized voice input signal, and for receiving a 

digital PCM voice output data word for output as a 
voice output signal; 

data channel means for receiving a digital information 

15 input data word provided to said digital subscriber 

20 

set, and for transmitting from said digital 

subscriber set a received digital information input 

data word; 
signalling means for selectively generating call 

control signals, including a transmit channel 

signalling bit, for each of said voice and data 

channels, and for providing an output signal in 

response to receiving a predetermined receive 

channel signalling bit for each of said voice and 

25 data channels; 

30 

35 

subscriber line interface means for coupling said 

digital subscriber set to transmit and receive 

portions of a duplex subscriber line; ana 

the digital loop transceiver means of claim 1 coupled 
between said subscriber line interface means and 

said voice channel means, said data channel means 

and said signalling means wherein said digital PCM 

voice input data word, said digital information 

input data word, said digital PCM voice output data 

wora, ana said digital information output data word 
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comprise said first, second, third and fourth 
digital data words, respectively, wherein said 
transmit channel signalling bits comprise said first 

and second signalling bits, and wherein said receive 

channel signalling bits comprise said third and 

fourth signalling bits. 

3. (Amended) A telecommunication subscriber line 
interface circuit for coupling a digital switching system 

having a digital data bus and a control bus via a duplex 
subscriber line to a digital subscriber set having time 

multiplexed first and second digital data channels, the 
interface circuit characterized by: 

DEF0002919 
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5 

15 

20 

·31-

time slot assignment and control means coupled to said 

control bus and responsive to control signals 

received therefrom and to fir-st and second transmit 

channel signalling bits coupled thereto, for 

selectively providing first and second receive 

enable signals during respective first and second 

receive channel time slots, first and second 

transmit enable signals during respective first and 
second transmit channel time slots, and first and 

second receive channel signalling bitsi 
subscriber line interface means for coupling said 

interface circuit to a transmit and a receive 

portion of said duplex subscriber line; and 

the digital loop transceiver means of claim 1 coupled 
between said subscriber line interface means and 

said data bus, and to said time slot assignment and 
control means, wherein said first and second 

transmit channel signalling bits comprise said first 

and second signalling bits and wherein said first 
and second receive channel signalling bi ts comprise 
said third and fourth signalling bits~ 

4. Cancelled. 

25 S. (Amended) A digital subscriber set having 

30 

substantially independent voice and data channels, said 

digital subscriber set characterized by: 

voice channel means for periodically providing a 
digital PCM voice input data word representing a 

digitized voice input signal, and for receiving a 
digital PCM voice output data word for output as a 

voice output signal; 
data channel means for receiving a digital information 

input data word provided to said digital subscriber 

IPR2020-00033 Page 01803
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set, and for transmitting from said digital 
subscriber set a received digital information input 
data word; 
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.33. 

signalling means for selectively generating call 

control signals, including a transmit channel 

signalling bit, for each of said voice and data 

channels, and for providing an output signal in 

response to receiving a predetermined receive 
channel signalling bit for each of said voice and 

data channels; 

subscriber line interface means for coupling said 

digital subscriber set to transmit and receive 

10 portions of a duplex subscriber line; and· 

15 

20 

25 

digital loop transceiver means coupled between said 

subscriber line interface means and said voice 

channel means, said oata channel means and sa:ia 

signalling means, comprising: 

sync detection means for detecting a modulated 

signal on said transmit portion of said 

subscriber line via sai.a subscriber line 

interface means, providing a valid sync signal in 

response to the detection thereof, and providing 

first and second receive enable signals and first 

and second transmit enable signals in 

predetermined relationship to said detection: 
demodulation means for serially demodulating, in 

response to said valid sync signal, a digital PCM 

voice input data word and a digital output data 

word and a receive channel signalling bit 

associated with each, received from said transmit 

portion of said subscriber line via said 

subscriber line interface means1 

30 transmitter means for transmitting said digital PCM 

35 

voice output data word and said digital information 

input data word and the respective receive channel 

signalling bits in synchronization with a data clock 

developed by said transmitter means, said digital 
PCM voice output data word being transmitted to said 

voice channel means in response to said first 
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10 

15 

20 

25 

-34-

transmit enable signalv said digital information 

input data word being transmi.tted to said data 

channel mean~ in response to said second transmit 

enable signal, and said signalling bits being 

transmitted to said signalling means; 

receiver means for successsively receiving a digital 

PCM voice input data word ana a digital information 

input data word and a transmit channel signalling 

bit associated with each, in synchronization with 

said data clock, said digital PCM voice input data 

word being received from said voice channel means in 

response to said first receive enable signal, said 

digital information input data word being received 

from said data channel means in response to said 

second receive enable signal, and said transmit 
channel signalling bits being received from said 

signalling means1 and 
modulation means for serially modulating said digital 

PCM voice input data word and said digital 

information input data word and the respective 

transmit channel signalling bits for transmission in 

response to said valid sync signal to said receive 

portion of said subscriber line via said subscriber 

line interface meanss 

65 (Amended} A telecommunication subscriber line 

interface circuit for coupling a digital switching system 

having a digital data bus and a control bus via a duplex 

subscriber line to a digital subscriber set having .time 

30 multiplexed first and second digital data channels, the 

interface circuit characterised by: 

35 

time slot ass ignrnent a.nd control means coupled to said 

control bus and responsive to control signals 

received therefrom and to first and second transmit 

channel signalling bits coupled thereto, for 

selectively proviaing first ano second receive 
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to the detection thereof; 

demodulation means for serially demodulating, in 

response to said va1 id sync signal, third and fourth 

digital data words and a transmit channel signalling 

bit associated with each, received on said receive 

portion of said subscriber line via said subscriber 

line interface means; and 

transmitter means for transmitting said third and 

fourth digital data words and the respective 

transmit channel signalling bits in synchronization 

with a transmit data clock provided by said 

switching system, said third digital data word being 

transmitted to said data bus in response to said 

first transmit enable signal, said second digital 

data word being tra.nsmi tted to said data bus in 

response to said second transmit enable signal, and 

said transmit channel ·signalling bits being 

transmitted to said time slot assignment and control 

means. 

7. Cancelled . 

8. (New Claim) A digital loop transceiver circuit fer 

providing duplex cowmunication of digital data words on 

25 first and second channels and a signalling bit associated 

with said first channelr between a duplex subscriber line 

and a digital I/0 port, the transceiver circuit 

comprising: 

30 

35 

receiver means for successively receiving a first and a 
second of said digital data words and a first of 

said signalling bits in synchronization with a 

receive data clock, said first and second digital 

data words and said first signalling bit being 

received from saia digital I/0 port in response to a 

channel receive enable signal; 
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modulation means for serially modulating said first and 

second digital data words and said signalling bit 

for transmission via a first portion of said 

subscriber line; 

5 sync detection means for detecting a modulated signal 

10 

15 

20 

on a second portion of said subscriber line, and 
providing a valid sync signal in response to said 

detection~ 
demodulation means for serially demodulating, in 

response to said valid sync signalr a third aoo a 
fourth of said digital data words and a second of 

said signalling bits received via said second 

portion of said subscriber line; and 

transmitter means for transmitting said third and 
fourth digital data words and said second signalling 

bit in synchronization with a transmit data clock, 

said third and fourth digital data words being 

transmitted to said digital I/0 port in response to 
first channel transmit enable signal. 

9. (New Claim) A digital subscriber set having 

substantially independent voice and data channels, said 
digital subscriber set comprising: 

voice channel means for periodically providing a 
25 digital PCM voice input data word representing a 

digitized voice input signal, and for receiving a 
digital PCM voice output data word for output as a 

voice output signal; 

data channel means for receiving a digital information 

30 input da.ta word provided to said digital subscriber: 

set, and for transmitting from saia digital 

subscriber set a received digital information output 

data word: 
signalling means for selectively generating a call 

35 control signal, including a transmit channel 
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signalling bit, for said voice channel, and for 
providing an output signal in response to receiving 

a predetermined receive channel signalling bit for 

said voice channel: 

5 subscriber line inter.face means for coupling said 

10 

15 

20 

digital subscriber set to transmit and receive 

portions of a duplex subscriber line1 and 

the digital loop transceiver means of claim 10 coupled 

between said subscriber line interface means and 

said voice channel means, said data channel means 

and said signalling means, wherein said digital PCM 

voice input data word, said digital information 

input data word, said digital PCM voice output data 

word, and said digital information output data word 

comprise said first, second, third and fourth 

digital data words, respectively, wherein said 
transmit channel signalling bit comprises said first 

signalling bit, and wherein said receive channel 
signalling bit comprises said second signalling bit. 

10. (New Claim} A digital loop transceiver circuit for 

providing duplex communication of digital data words on a 

channel and a signalling bit associated with said channel, 

between a duplex subscriber line and a digital I/0 port, 

25 the transceiver circuit comprising: 

30 

35 

receiver means for successively receiving a first of 

said oigital data woras and a first of said 

signalling bits in synchronization with a receive 

data clock, said first digital data word and said 

first signalling bit being receivecl from saia 

digital !/0 port in response to a channel receive 

enable signal; 

modulation means for serially modulating said first 

digital data word and said first signalling bit for 

transmission via a first portion of said subscriber 
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line; 
sync detection means for detecting a modulated signal 

on a second portion of said subscriber line, and 

providing a valid sync signal in response to said 

detection; 

demodulation means for serially demodulating, in 

response to said valid sync signal, a second of said 

digital data words and a second of said signalling 

bits received via said second portion of said 

subscriber line; and 

transmitter means for transmitting said second digital 

data word and said second signalling bit in 

synchronization with a transmit data clock, said 

second digital data word being transmitted to said 

digital I/0 port in response to a channel transmit 

enable signaL 

11. (New Claim) A digital subscriber set comprising: 

voice channel means for periodically providing a 

20 digital PCM voice input data word representing a 

digitized voice input signal, and for receiving a 

digital PCM voice output data word for output as a 

voice output signal; 

25 

signalling means for selectively generating a call 

control signal, including a transmit channel 

signalling bit, for said voice channel and for 

providing an output signal in response to receiving 

predetermined receive channel signalling bit for 

said voice channel; 

30 subscriber line interface means for coupling said 

35 

digital subscriber set to transmit and receive 

portions of a duplex subscriber line; and 

the digital loop transceiver means of claim 10 coupled 

between said subscriber line interface means and 

said voice channel means, wherein said digital PCM 
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voice input data word and said digital PCM voice 

output data word comprise said first and second 
digital data words, respectively, wherein said 

transmit channel signalling bit ·comprises said first. 

signalling bit, and wherein said receive channel 

signalling bit comprises said second signalling 
bit. 

12. (New Claim} A telecommunication subscriber line 

10 interface circuit for coupling a digital switching system 
having a digital data bus and a control bus via a duplex 

subscriber line to a digital subscriber set, the interface 

circuit comprising: 

time slot assignment and control means coupled to said 

15 control bus and responsive to control signals 

received therefrom and to a transmit channel 
signalling bit coupled thereto, for selectively 

providing a receive enable signal during a receive 

channel time slot, a transmit enable signal during a 

20 transmit channel time slot, and a receive channel 

signalling bit; 

subscriber line interface means for coupling saio 

interface circuit to a transmit and a receive 

portion of said duplex subscriber linei and 
25 the digital loop transceiver means of claim 10 coupled 

30 

between said subscriber line interface means and 
said data bus, and to said time slot assignment and 

control means, .wherein said transmit channel 
signalling bit comprises said first signalling bit, 

and wherein said receive channel signalling bit 

comprises said second signalling bit. 
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1 

METHOD OF DC OFFSET COMPENSATION.USING 
A TRANSMITTED DC COMPENSATION SIGNAL 

10 Jectmjcai Field 

This invention relates generally to DC offset 
compensation of received data signals. 

1 s Background of the loyent;on 

Transmission of data signals through various 
mediums is known ln the art (as used herein,· "data• 
refers to binary or multilevel signalling, as versus 

20 analog signal waveforms). When receiving such a signal, · 
It is not uncommon for a varying DC component to 
become combined therewith and possibly distort data · 
recovery. 

To compensate for this, various DC offset 
25 compensation methodoiogies have been proposed. 

Although at ieast some of these prior art approaches can 
be implemented in a digital signal processor (DSP), such 
implementations require a relativeiy · significant portion 
of the processing capacity of the DSP. This, in turn; 

30 increases current drain requirements for the DSP and/or 
limits availability of the DSP for support of other 
desired functions. 

---~---
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Accordingly, a need exists for a method of DC 

offset compensation that will substantially reliably 

compensate for DC offset in a received data signal, and 

that may be implemented, if desired, in a DSP without 

5 over burdening the processing capacity of the DSP. 

Brief Df.rncru;itian of the Drawing~ 

Fig. 1 comprises a timing diagram of a 

1 o communication resource format implemented in 

accordance with the inventi9n: 

Fig. 2 comprises a depiction ot a sync word 

waveform in accordance with the invention; 

Fig. 3 comprises a block diagram of a receiver 

i 5 constructed in accordance with the invention; 

Fig. 4 comprises a depiction of a received sync 

word; and 

Fig. 5 comprises a block diagram depiction of a 

part of the DSP operation when programmed in 

20 accordance with the inven1ion. 

For purposes of this description, an embodiment of 

25 the invention wrn be described in canju nction with a 

time dlv-ision muitiplexed (TDM) communication 
resource. In this particular example. 1he frequency is 

subdivided into time frames, wherein each time frame is 

further subdivided into four time slots (10i) (Fig. 1). in 

30 a given time frame, two of the time slots (102) are used 

tar the transmission of binary signalling information 

relevant to the allocation of the voice time slots (103) 

and other system control information. 

DEF0002970 

IPR2020-00033 Page 01825



WO 9l/05427 PCf /US90/05358 

3 

Each control slot (102) in turn includes space for 

four commands (104), a slot designation (106). and a 

sync word (107). 

in this embodiment, the sync ward ('107) is 

5 comprised of the hex word zero nine D seven {09D7) (see 

Fig. 2}. In binary form, as represented in Fig. 2, this 

equates with the sequential transmission of: 
00001001 i 10i0i 11. Since this 'particular sync word, 

when represented in binary form, includes eight ieroes 

rn and eighi ones, 1he average vaiue of the sync word equals 
zero, 

In this embodiment, it wiil ba presumed that the 

constituent elements of the sync word wrn be 

transmitted in a predetermined order, as set forth above, 

15 with each broadcast. In a particular application, 

however, such a requirement may not be necessary. 

Also, In this particular embodfment, the average value of 

the sync word elements equals zero, and the"1frnportance 

of this will be made more clear beiow. {Other elements 

20 could perhaps be used in an appropriate appllcatkm, 

wherein the average va!ue would not equa1 zero. What 

would be important in such an application, however, is 

that both the average va!ue of the constituent elements 

of the sync word be predetermined and known to the 

25 receiver, and that the system gain also be known to the 

receiver, since this gain would scate the non-zero 

average value.) 
A receiver (300) (Fig. 3) suitable for practicing the 

method of the invention will now be described. This 

30 receiver (300) includes an antenna (301) for recelving 

the signaHing information (302) transmitted to it, 
including the data sync words ( i 07). These signals (302) 
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are processed in an appropriate RF unit (303) and 
reduced to baseband. An analog ta digital converter 
(304) then digitizes this representation, and provides 
the digitized representation to a DSP (306) (such as a 

5 56000 iamily device as manufactured and sold by 
Motorola, Inc.) where the signal can be demodulated and 
processed as desired. Voice transmissions received and 
processed in this way can then be reconverted to analog 
form by a digital to analog converter (307), and the 

1 D resulting a.udio signal (308) can be further processed arid 
amplified as appropriate to the particular application. 

The receiver (300) further includes a processing 
unit (309) to controi the operation of the RF unit (303) 

and of the DSP (306). in addition, the processing unit 

15 (309) can receive and process recovered stgna!Hng 
!nformatian from the DSP {306). Also, an appropriate 

ciock (311) provides necessary clock signals t• the DSP 
(306) and processing unit (309), as may be appropriate 
to the particular applica.tron. 

20 So configured, signals {302) received by the 
receiver can be processed in various programmable ways 
in the DSP (306}. Such configurations, of course, are 

known in the art. In this particular embodiment, 

however, the DSP (306) processes samples (401) of the 

25 received sync word {107'.1 (see Fig. 4) at various times. 

The anticipated time at arrival of the sync word {107). 
and the constituent elements and order thereof, are of 
course known to the receiver (300). Therefore, by 
comparing an average of the sampled values wlth the 

30 value that the receiver (300) wouid expect to find, the 

DSP (306) can calcuiate the difference. These 

differences can then be used to calculate a DC 
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compensation value suitable for use with subsequently 
received data. 

In particular, the offset values calculated for this 
sync word, and also for previously received sync words, 

5 can effectively be averaged over time (501 ~nd 502). (see 
Fig. 5) in the DSP 10 provide an estimated DC · 
compensation value. As indicated earlier, this DC 
compensation value can then be used by the OSP fo 
compensate for DC offset in subsequently ·received data 

1 o information. 
So configured. the DSP (306) is spared the· 

necessity of constantly monitoring the received signal in 
support of an ongoing DC offset compensation 
calculation. Instead, by providing for reception of a sync 

15 word that effectively also operates as a DC 
compensation signal, having a substantially ·known 

average value, the DSP need only occasionally calculate a 
. . . . 

substantially reliable OC compensation value that can· be · 
used for DC compensation _purposes. 

20 What is claimed is: 
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i. A method of DC compensating a received signa!, 

characterized by the steps of: 

5 A} receiving a DC compensation signa.i having a 

substantially known average value; 

B) calculating a DC compensation value using the 

DC compensatian signal. 
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2. The method of claim 1 wherein the known average 

value ls approximately zero. 

3, The method of claim i wherein the DC 
5 compensation signal comprises a data packet. 

4. The method of claim 3 wherein the data packet 

includes a binary represen1ation of 0, 9, D, and 7. 

i O 5. The mett1od of claim 4 wherein the binary 

representations of 0, 9, D, and 7 are organized in a 

predetermined manner. 

6. The method of claim 3 wherein the known average 

15 value of the data packet is zero. 

7. The method of claim i and further charact~rized 
by the steps of: 

A) receiving subsequent non-DC compensation 

20 signals; 

B) using the DC compensation value to DC 

compensate the non-DC compensation signals. 

8. The method of claim 7 wherein the known average 

25 value is approximately zero. 

9. The method of claim 7 wherein the DC 

compensatron signal comprises a data packet 

30 10. The method of claim 9 wherein the data packet 

includes a binary representation of o, 9, D, and 7. 
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ii . The method of claim 1 O wherein the binary 

representations of 0, 9, 0, and 7 are organized in a 
predetermined manner. 

5 12. The method of c[aim 9 wherein the known average 

value of the data packet is zero. 

,.. 
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MUL TIDMODULATION SCHEME COMPATIBLE RADIO 

Technical Field 

This invention relates generally to modulation 
techniques, including but not limited to constant 

envelope modulation techniques and m:H1Dconstant 
envelope modulation techniques, and transmitters and 

15 -receivers suitable for use therewith. 

Background of the Invention 

Various modulation techniques are known to 
20 support radio communications. For example, constant 

envelope modulation techniques, such as frequency 
modulation (FM), are well known and understood. Non~ 

constant envelope modulation techniques, such as ,-c/4 
differential QPSK, are also known. 

25 Digital signalling techniques suitable for use with 
various modulation schemes are also known, such as x/4 
differential QPSK (noted above) and 4 level FSK as used 

with FM. .Although both techniques are well understood, 
present technology readily supports rapid introduction of 

30 4 level FSK FM based radios, whereas x/4 differential 
QPSK based non-constant envelope radios pose a greater 
challenge. Although the various barriers to fielding a 
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technologically and economically viable platform to 
support such signalling and modulation will no doubt 
exist in the near term future, users who require digital 
signalling wm typically find 4 level FSK FM a more likely 

5 candidate for relatively immediate implementation. 

Radio system users greatly desire immediate 

availability of digital signalling, in part for reasons of 

spectral efficiency, and in. part to support various 
desired operating features. These same users, however, 

1 o do not wish to invest in currently available technology at 

the expense of being either foreclosed from next 
generation advances, or at the expense of eliminating a 

currently acquired digital signalling system in favor of a 

next generation platform. In short, system users do not 
15 wish to acquire a 4 level FSK FM system to serve 

immediate needs, with the likely availability of rr,/4 

differential QPSK radios in the future. At the same time, 
however, these same users want to realize the benefits 

of digital signalling now. 

20 Accordingly, a need exists for some 

25 

communications approach that will satisfy the current 

need for digital signalling, such as 4 level FSK FM, and 

yet viably accommodate likely future technologies, such 
as rr,/4 differential QPSK, in a cost effective manner. 

Summary of the Invention 

This. need and others are substantially met through 

provision of a radio transceiver, which transceiver 

30 includes a transmitter having a Nyquist filter, and a 

corresponding receiver that does not include a Nyquist 

filter. 

DEF0002223 
IPR2020-00033 Page 01837



WO94/00943 PCT /US92/05317 
3 

in one embodiment, the transmitter may be 
configured to transmit either a constant envelope signal, 
or a non~constant envelope signal, depending upon the 

intent of the designer. The receiver, however, functions 

5 to receive and properly demodulate either a constant 
envelope signal or a non-constant envelope signal. So 
provided, a system can accommodate a plurality of users, 
wherein some of the users transmit constant envelope 
signals and other users transmit non-constant envelope 

1 O signals. Regardless of the transmission type, however, 
all radios are capable of receiving and demodulating all 
signals. 

So provided, constant envelope transmitters can be 
coupled with the above receiver to allow provision of 4 

15 level FSK radios to meet near term needs. Later, as 
economic issues are resolved, radios having x/4 

differential QPSK Jransmitters can be introduced into the 
syste'TI. · A system operator is therefore provided with 

radios that meet immediate needs, while yet retaining a 
20 compatible migration path that readily accommodates a 

next generation platform. 
In one embodiment, the constant envelope signal 

and the non-constant envelope signal can occupy differing 
spectral bandwidths.. Notwithstanding this difference, 

25 the receiver can yet receive and properly demodulate both 
signals. 

Brief Description of the Drawings 

30 FIGS. 1 a-b comprise block diagram depictions of 
prior art 4 level FSK FM transmitter and receiver 
structures; 
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FIGS. 2a-b comprise block diagram depictions of 

prior art rt/4 differential QPSK transmitter and receiver 

structures; 

FIGS. 3t:M: comprise block diagram depictions of a 4 
5 level FSK transmitter and a nf 4 differential QPSK 

transmitter, respectively, and a receiver suitable for use 

with both transmitters. 

FIG. 4 depicts IF filter design constraints; 

FIG. 5a represents the impulse response of an 

1 O integrate and dump filter; 

15 

FIG. 5b represents the frequency response of the 

integrate and dump filter; and 

FIG. Sc represents the band limited frequency 

response of the integrate and dump filter. 

Detailed Description Of A Preferred Embodiment 

Prior to describing an embodiment of the invention, 

it will be helpful to first briefly describe currently 

20 proposed 4 level FSK and :it/4 differential QPSK 
transceiver structures. 

FIG. 1a depicts pertinent components of a 4 level 

FSK transmitter (100). The transmitter includes a 

Nyquist filter (102) designed to have a roll~off factor of 

25 0.2. The Nyquist filter (102) processes the~ 4 lave! data 

as a function of the square root of the raised cosine. 

Subsequent to Nyquist filtering, a frequency 

modulator .(103) having a deviation index of 0.27 

effectively integrates the previously filtered data, and 
30 then frequency modulates the data with respect to a 

predetermined carrier, as represented by eHlll+mt) • For 

purposes of simplicity, the above functions are readily 
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implementable in a DSP, such as a DSP56000 family 

device as manufactured and said by Motorola, Inc. The 

blocks described, and other blocks not described but 

typically included in a transmitter (such as a power 

5 amplifier), are well understood by those skilled in the 
art, and hence further description would serve no 

pertinent purpose here, 
FIG. 1 b depicts relevant components for a proposed 

4 level FSK receiver (125). An IF filter (127} filters a 
10 received modulation signal (126), which filtered signal 

is then frequency demodulated. In this embodiment, the 

frequency demodulator includes an inverse tangent block 

(i 28} that feeds its signal to a differential summer 

(129), the inverting input of which couples to a unit 

15 sample delay (131 ). (Though described as a differential 

summer, this element really appears as an approximate 

differentiator. The approximation is based on the first 

difference in a discrete time system to approximate the 

true differentiator of a continuous time system.) The 

20 output of the differential summer (129) couples to a 
Nyquist filter (132) (again having a roll-off factor of 

0.2), and the resultant data residing within the Nyquist 

filtered and demodulated signal is recovered by a 

stochastic gradient bit recovery block (133). 

25 As with the transmitter (100) described above, the 

above generaily referred to functions can be readily 
implemented in a DSP, and are otherwise sufficiently 

well known and understood by those skilled in the art 

such that further elaboration need not be presented here. 

30 FIG. 2a depicts a proposed x/4 differential QPSK 

transmitter (200). Again presuming a 4 level data source 
(201 ), a summer (202) sums this data with a feed back 
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signal processed through a unit sample delay (203), the 

latter components cooperating to realize a diffarential 

encoder. A phase modulator (204) then processes the 

encoded signal as a function of ejqi to thereby yield 
5 complex in phase and quadrature components at, in this 

embodiment, one sample per symbol. The in phase and 

quadrature components are then Nyquist filtered (206) 
(where the roll~off factor "" 0.2) and mixed (207) with an 

appropriate carrier frequency (208) to yield the desired 

10 . modulation. 

FIG. 2b depicts a proposed n/4 differential QPSK 
receiver suitable for receiving and demodulating a signal 

sourced by the above described transmitter (200). The 
receiver (225) receives the modulation (266) and Nyquist 

'15 filters (227) the captured signal._ The Nyquist filter 

(227) has a rol!~off factor of 0.2. A phase demodulator 

(228) processes the Nyquist filtered signal as a function 
of an inverse tangent, and then provides the phase 

demodulated signal to a differential decoder (229). The 
20 differential decoder (229) includes a differential summer 

(231) that receives the phase demodulated signal and 

also the phase demodulated signal as processed through a 

unit sample delay (232). The resultant signal is then 

processed in an integrate and dump filter (233). A 

25 stochastic gradient bit recovery mechanism (234) then 

processes the decoded information to yield a 4 level data 

output, as generally referred to above with respect to 

FIG. ib. 
The blocks generally referred to above with respect 

30 ta bath the transmitter (200) and the receiver (225) for 

the 1r./4 differential QPSK modulation are relatively well 

understood by those skilled in the art, as well as other 
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components that would be appropriate to complete a 
transmitter and receiver, such as power amplifiers, 
transmission elements, and the like. Therefore, no 

additional description need be provided here. 
5 The above described constant envelope and non~ 

constant envelope receivers and transmitters are 
essentially incompatible with one another. For example, 

the 4 level FSK FM modulation provided by the first 
described transmitter (100) cannot be properly recovered 

1 o and decoded using the second described receiver (225). 

Therefore, a selection of either one or the other 

transmitter/receiver (100/125 or 200/225) for use in a 
particular system will preclude an ability to compatibly 

select later the previously undesignated 
15 transmitter/receiver. 

Referring now to FIGS. 3a°C1 a solution to this 
dilemma will be presented. -

First, in FIG. 3a, a constant envelope transmitter 
suita.bhf for transmitting 4 level FSK FM modulation in a 

20 12.5 kHz channel appears as generally depicted by 
reference numeral 300. This 'constant envelope 

transmitter (300) processes incoming 4 level data (301) 
through a raised cosine Nyquist filter (302) having a roll

off factor of 0.2. Those skilled in the art will note that, 

25 whereas the previously described proposed transmitters 
include Nyquist filters wherein the raised cosine 
function appears in both the transmitter and receiver as 
a square mot function, here the raised cosine function is 

not so circumscribed. instead of distributing the Nyquist 
30 filtering between the transmitter and receiver, all, 

Nyquist fiitering, in this embodiment, occurs at the 

transmission end. 
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Subsequent to Nyquist filtering, a differential 
encoder (303) processes the Nyquist filtered signal in a 

rcfT 
band limited filter (304) as a function of sin(dT) . A 

particular design problem, in this embodiment, involves 
5 computing the impulse response of this filter (304). Let 

H(ro) ... frequency response of ideal Nyquist raised cosine filter 
The normalized comer frequency is , rad./sec. -
The normalized symbol time (denoted by T) is 11: seconds. 

H(ro) ... i where lo:.i ~ 1~0: 

i 1 [x(kfL i +a) i H(ro) ::: 2 +~os 2a ) where 1-o: < led s 1+o: 

H(ro} ""0 where 1+a < led 
1 o the impulse response of the filter may then be found 

using the inverse Fourier transform: 

.., 

h{t) "" ;x JH(ro)e
1001

dro 

... 
"" J f H(ro)cos(rot)dro since H(ro) is an even function 

0 

1 ·« 1 +a 1 +a. r )_ -

... ~ Jcos(rot)dro + d1r: f cos(rot)dro + dn Jcosft(ro~: +o:lfos(rot)dro 
15 O 1-ot 1-ot 

The product rule, cosine (x) cosine (y) equals 0.5 
cosine (x + y) + 0.5 cosine (x - y) is then used, and 
the integration then performed. 
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Next, use sin(n + x) = ftsin(x), and algebraically regroup 

the terms to yield the following result. 

h(t) = _n_sin{t1+a)t) + sin((1~a)t} 
8o:2t ( n: ~2 

-1 12 2a. i m 

I 

Finally, using sine (x + y) + sine (x - y) equals 2 sine (x) 

cosine (y), one obtains 

h(t) "" icsin{t)cos{at) 

t(:n: 2-4n 2 t
2

) 

The filter function h(t) can now be sampled at discrete 

time intervals to realize a Nyquist raised cosine finite 

impulse response (FIR) filter in a DSP embodiment. 

Now, consider the shaping filter f(t). If we let F(ro) 

15 equal the frequency response of the shaping filter (304), 

and T equals symbol time equal 208.333 microseconds for 

9600 bps equal re seconds for the normaiizf:td system used 

20 

in H above, then 

roT 
2 

F(ro) = ( T' 
. : ro 

Sin!
~ 2 ) 

for all frequencies. With a rollmoff factor of 0.2 for the 
_Nyquist filter H(ro), -1.2n < roT < 1.2nbecomes the 
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frequency range of interest for F(ro). Such a filter 

function cannot be directly integrated with elementary 
calculus. Numerical methods could be used to compute 
the inverse Fourier integral, but that presents significant 

5 difficulties. A discrete Fourier transform method could 
be used or the FFT version of this transform could be 
used, to speed up the calculation. Such methods would be 
suitable presuming availability of sufficient processing 
abilities. In this embodiment, however, another method 

1 O is preferred. Here, the function F will be approximated 
with a Fourier series of cosine terms that are then 
transformed to the time domain. To begin, select a 
suitable time interval that approximates F. This must 
equal or exceed plus or minus 1 .2rc and be less than plus 

15 or minus 2rc since a singularity in F exists at WT equals 
to :n:, Pius or minus 1.33331t constitutes a useful 
interval, since this allows the samples to be spaced six 
samples apart when over sampling H by a. factor of 8. 

With the above in mind, 
20 

F(x) "" . 1r.(' ) where x = normalized frequency "' fT "" ro2T 
sm xx :re 

"" ( 2nkx ' 
""fo + 6fkcosl 1.33333j 

which is the Fourier series expansion 

2/3 

fo = 0.75 JF(x)dx 
·2/.3 

2rckx 2/3 ( ~ 
fk "" 1.5 jF(x)cos 1 _33333 x 

-2/3 

fork> O 
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These integrals are easily evaluated numerically. The 

first 12 terms are tabulated below. 
TABLE i 

k fk 
0 1.35697 
1 ~0.4839 
2 0.189043 
3 ~0.0982102 

4 0.0594481 
5 -0.0396059 

6 0.0281791 
7 ~0.0210304 
8 0.0162746 
9 ~0.0129571 

- 1 0 0.0105541 
1 1 ~0.00875928 

Upon plotting the function F(x) and its Fourier series 

approximation, one ascertains a sufficiently close 

20 relationship. The series is within i 0/o of the desired value 

at most places in the passband of the Nyquist filter, 
though the error does approximate 2°/o near the band edge 

just before the Nyquist filter cuts off. 
The inverse Fourier transform can then be 

25 performed on the series as follows: 
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( 
... f ... f J 

.,. _1 fo o(t)+ I, ; B(t+0.75kT)+ L ; a(t~o. 75kT) 
2n; k .. 1 koo1 

where the Dirac delta function is represented as 6(t). 

Upon sampling at eight samples per symbol, non~zero 
samples are obtained at O. 75 X 8 "" 6 sample intervals. 

5 The middle or zeroth sample na.s amplitude fO and the 

remaining samples have amplitudes fk /2 tor k equals 
plus or minus 1, plus or minus 2, plus or minus 3, and so 
forth. This can -then be cascaded with the h(t) function 

computed above to yield the filters necessary for this 

10 filter. 
Subsequent to filtering, an integration function 

(306) completes the differential encoding process. Then, 
the signal can be frequency modulated as a function of 

e1($+rotJ ,while maintaining a deviation index of 0.25. The 

15 resultant modulation can then be appropriately amplified 
and transmitted in accordance with a particular 

appiica.tion. 
FIG. 3b depicts a non~constant envelope transmitter 

(325) suitable for use in transmission of a n/4 

20 differential QPSK signal having a bandwidth of 6.25 kHz. 

A summer (327) receives a 4 level data input (326) and 

sums that with a feedback signal (328). This provides a 
differential encoder process as generally referred to 

above with respect to FIG. 2a. Also as presented in FIG. 
25 2a, a phase modulator (329) processes the signal and 

provides complex in°phase and quadrature components at 

one sample per symbol. These components are then 

filtered in a raised cosine Nyquist filter (331 ). As with 

the constant envelope transmitter (300) described above, 
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this raised cosine Nyquist filter (331) has a rnll~off 
factor of 0.2, and does not process the signal as a 
function of a square root of the raised cosine. Instead, 
all Nyquist processing from source to destination occurs 

5 in the transmitter (325). Subsequent to Nyquist 
filtering, a mixer (332) mixes the information signal 
with an appropriate carrier frequency (333) and the 
desired 1t/4 differential QPSK modulation results. 

FIG. 3c depicts a receiver suitable for use in 
1 O receiving and decoding modulation from either of the 

above described· transmitters (300 and 325). Received 
modulation (351) couples to a ioose IF filter (352). 
Design of this IF filter crucially affects the ability of 
the receiver (350) to properly receive either a wide 

15 frequency modulation signal (as presented in a 12.5 kHz 
channel) or a narrow linear modulation signal (as 
presented in a 6.25 kHz channel). In particular, the IF 

. design must accommodate a pass bandwidth wide enough 
and flat enough to avoid intersymbol interference while 

20 having a stop bandwidth that is narrow enough to allow 
6.25 kHz channel spacing. The constraints on the filter 
design are presented in FIG. 4 for a system with 9600 
bits/second of throughput in a 6.25 kHz channel. As 
noted above, a Nyquist raised cosine filter having a ro!l-

25 off. factor of 0.2 appears in the transmitter. The stop 
bandwidth limit is 6.25 kHz while the pass bandwidth 
limit is designed to exceed 

(1 +et} 96
2
00 "" 5.76 kHz. 

30 
Due to the very demanding transition ratio, 
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r "" stop bandwi_dth < 6.25 "" 1 _085 
pass bandwidth 5.76 
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the number of necessary filter coefficients is about 350 
when implementing such a filter in a single finite 

5 impulse response configuration. Since computation 
complexity is directly proportional to the number of 

filter coefficients, this constitutes an obvious drawback. 

In this embodiment, the loose IF filter (352) uses two FIR 

filters in a DSP embodiment. In particular, a decimating 

i o filteY first narrows the bandwidth enough to reduce the 

sample rate for introduction to the subsequent filter, the 

latter providing a rapid filter roll~off. Both FIR filters 

in this embodiment are equiwripple designs. The first FIR 

filter attains 80 db of stop band rejection with a stop 

i 5 frequency of 4.68 kHz and a pass frequency of 3 kHz. The 

second FIR filter has a stop frequency of 3.00 kHz and a 

pass frequency of 2.88 kHz. Parameters for both FIR 
filters appear in Table 2, below. 

TABLE 2 
20 Parameter FIR 1 FIR 2 

fs= sample frequency 38.4 kHz 7.68 kHz 
11 = passband comer frequency 3.00 kHz 2.88 kHz 

12= stopband comer frequency 4.68 kHz 3.00 kHz 

r; transition ratio = f 1/f2 1.56 1.04165 
25 stopband rejection 100 dB 57.5 dB 

passband ripple 0.0012 dB 0.4 dB 
number of filter coefficients 128 128 

Even though the second Fl R filter attains a tighter 
30 transition ratio than the specified requirement for a 6.25 

kHz channel, it does so with fewer filter coefficients 

than the previously referred to approach. 
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Subsequent to IF filtering, a frequency demodulator 

(353) demodulates constant envelope information. To 

this extent, 1he frequency demodulator includes an 

inverse tangent block (354), a differential summer (356) 

5 and a unit sample delay path (357) as essentially 

described above with respect to the proposed 4 level FSK 

receiver (125). 

The receiver (350) also includes a. differential 

decoder (358) substantially as described above for the 
1 o x/4 differential QPSK receiver (255), inclusive of the 

unit sample delay path (357) and the differential summer 

(356), ln conjunction with an integrate and dump filter 

(359). The integrate and dump filter essentially 

comprises a linear filter that integrates over a 
15 predetermined sample period and then dun1ps historical 

data in preparation for a new integration window. The 

impulse response for the integrate and dump filter 
appears in FIG. 5a, where the vertical scale represents 

normalized amplitude and the horizontal scale represents 

20 normalized time in seconds for T "' 1 second. A 
corresponding frequency response (reflective of the 

sin(nfT} 
familiar nf T filter response) appears in FIG. 5b, 

where the vertical scale again represents normalized 

amplitude and the horizontal scale represents normalized 

25 frequency in Hertz for T "' 1 second. In this integrate and 

dump filter (359), some portion of the side lobes are 

filtered .out of the frequency response, therefore yielding 

a band limited filter. To achieve perfect symbol 

recovery, a frequency response in the range of 

~(1 +a) Hz to 1 +a Hz 
30 2T 2T 
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must be retained. Taking advantage of the spectral null 

at 1 /T Hz, the response Is restricted to a low pass filter 

cutoff at 1/T Hz. The resulting frequency response 

appears in FIG. 5c, where the vertical and horizontal 

5 scales are as described earlier for FIG. 5b. 

The impulse response for this filter (359) can be 

directly calculated with an inverse Fourier transform. A 

closed form solution can be expressed in terms of the 

sine integral function Si (X) as shown below. 
let H(x) = frequency response of bandlimited filter 

... sin(n:x) fodxl < 1 
nx 

10 ... O far bd 2 1 
h(t) "' inverse Fourier transform of H(x) Let ro "'2nx 

2:rt ( 'I ... ~ J ~ sin ~pos(rot)dro since H(oo) is an even function 
() 

2x ,:;;;~ J! (sin((t+~)ro)-sin((t ~)ro))dro using a trig identity 
0 

I 211(t+ 112) 2n(t-1 /2) l 
~ Jsin(y)~Y ~ f sin(y)i substituting variables 

l o o J 
X 

.,. ~ (sin(2x(t+½))~sin(2n(t- ~))) where Si(x) = Jsi~(t) dt 

15 o 

Following this, a stochastic gradient bit recovery 

mechanism (361) is again provided and the resultant 4 

level data recovered. 
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So configured, a number of salient points should 

now be evident to those skilled in the art. First, the 
receiver provides no· Nyquist filtering. All Nyquist 

filtering occurs in the transmitters, (The rolloff ratio 

5 constitutes the important variable to be controlled in a 
Nyquist filter. in prior art transceivers using Nyquist 

filters, this ratio must be ideotical for both the 
transmitter filter and the receiver filter. Here, the 

receiver is independent of this variable, and can receive 
1 o signais from different transmitters that use different 

values for the rol!off ratio.) Second, the receiver can 

effectively demodulate and recover either constant 

envelope signals or non-constant envelope signals, such 

as 4 level FSK FM or 1t/4 differential QPSK linear 

15 modulation. Third, this receiver can accommodate these 

alternative modulation types, notwithstanding differing 

channel widths, in this case i 2.5 kHz and 6.25 kHz, 

respectively., 
With the architectures described above, a system 

20 operator can select to realize the advantages of digital 
signalling by fielding 4 level FSK FM transmitters 

coupled with the described compatible receiver. At such 
time as linear transmission technologies make viable 

economic fielding of x/4 differential QPSK transmitters, 

25 the operator can introduce such transmitters into a 

system in conjunction with the same compatible receiver 

as used for the constant envelope transceivers. 
Notwithstanding differing modulation types and differing 

bandwidth requirements, the same receiver platform 
30 allows compatible communication between these 

differing units. 
What is claimed is: 
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Claims 

1. A radio transceiver, comprising: 

A) a transmitter, which transmitter includes a 

5 Nyquist filter; and 
B) a receiver, which receiver does not include a 

Nyquist filter. 
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2. A radio transceiver, comprising: 

A) a transmitter, comprising at least a Nyquist 

filter and transmitting at lea.st one of: 
i) a constant envelope signal; and 

5 ii) a non~constant envelope signal; and 

10 

B} a receiver, which receiver does not have a 

Nyquist filter, for receiving and properly demodulating 

both: 
i) a. constant envelope signal; and 

ii) a non-constant envelope signal. 
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3. A radio transceiver, comprising: 

A) a transmitter, comprising at least a Nyquist 

filter and transmitting at least one of: 

i) a constant envelope signal occupying a 

5 first spectral bandwidth; and 

ii) a non-constant envelope signal occupying a 

second spectral bandwidth, which second spectral 

bandwidth is different from the first spectra! 

bandwidth; and 

1 O B) a receiver, which receiver does not have a 

Nyquist filter, for receiving and properly demodulating 

both: 

i) a constant envelope signal occupying the 

first spectral bandwidth; and 

i 5 ii) a non-constant envelope signal occupying 

the second spectral bandwidth. 
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4. A radio transceiver, comprising: 

A) a transmitter, comprising: 
i) a Nyquist filter; 

PCT /US92/05317 

il) differential encoder means coupled to the 

5 Nyquist filter for filtering an input information signal to 
cause selective rotation of a phase value of a modulated 
signal by a predetermined amount; and 

iii) frequency modulator means operably 
coupled to the differential encoder means for outputting 

1 o the modulated signal; and 
B) a receiver, which receiver does not have a 

Nyquist filter, for receiving and properly demodulating 

both: 
i) a constant envelope signal occupying a 

15 first spectral bandwidth; and 
ii) a non~constant envelope signal occupying a 

second spectral bandwidth, wherein the first spectral 
bandwidth is different from the second spectral 
bandwidth. 
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5. A radio communication system, comprising: 
A) a first plurality of transceivers, each 

transceiver comprising: 

i) a transmitter, comprising at least a 
5 Nyquist filter and transmitting a constant envelope 

signal occupying a first spectral bandwidth; 

ii) receiver means, which receiver means 
does not have a Nyquist filter, for receiving and properly 
demodulating both: 

1 O a) a constant envelope signal occupying 

the first spectral bandwidth; and 

b) a non-constant envelope signal 

occupying a second spectral bandwidth, which 

second spectral bandwidth is different than the 

15 first spectral bandwidth; 

B) a second plurality of transceivers, each· 

comprising: 

1r a transmitter, comprising at !east a 
Nyquist filter and transmitting a non-constant envelope 

20 signal occupying the second spectral bandwidth; and 

ii) receiver means, which receiver means 
does not have a Nyquist filter, for receiving and properly 

demodulating both: 
a) a constant envelope signal occupying 

25 the first spectral bandwidth; and 
b) a non-constant envelope signal 

occupying the second spectral bandwidth; 

such that- transceivers from the first plurality of 

transceivers can compatibly communicate with 

30 transceivers from the second plurality of transceivers. 
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1 

5 MULTIPLE-MODULATION COMMUNICATION SYSTEM 

Field of the Invention 

10 This invention relates to radio frequency signals, including but 

15 

not limited to transmission and reception of amplitude modulated 

(AM) and frequency modulated (FM) signals. 

Background of the Invention 

A radio communication system permits transmission of 
information between a transmitter and a receiver. A radio 

frequency (RF) channel permits transmission of information 

2J between the transmitter and the receiver. By combining the 

information with an RF electromagnetic wave of a particular 
frequency, i.e., modulating the information signal onto a carrier 

frequency, the resultant modulated information signal may be 

transmitted through free space to a receiver. Various modulation 
2.15 techniques (e.g., amplitude (AM), frequency (FM), phase, and 

composite modulation) are known to combine the information 

signal with an electromagnetic wave. Communication units, 

such as portable radios, mobile radios, and base stations, contain 

transmitters and/or receivers. 

35 

A linear AM transmitter does not have as much coverage 

area, i.e., the signal does not travel as far, as an FM transmitter at 

the same peak transmit power level because the average envelope 

size of an AM transmission varies below the maximum output 

level, whereas the average envelope size of an FM transmission is 

constant at the maximum output level. An FM transmitter, 
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however, uses more energy to transmit at the same power level as 

a.Tl AM transmitter, and hence the FM transmitter will more 

quickly drain the battery of a portable transmitter. 

Accordingly, there is a need for a transmitter which has the 

5 low power characteristic of an AM transmitter while retaining the 

advantage of coverage area of an FM transmitter. 

Brief Description of the Drawings 

10 
FIG. 1 shows an FM transmitter, an M1 transmitter, and a 

common receiver in accordance with the invention. 

FIG. 2 shows a detailed FM transmitter, a detailed AM 

transmitter, and a detailed common receiver in accordance with 

15 the invention. 

Description of a Preferred Embodiment 

The following describes an apparatus for and method of 
transmitting communication signals with a single transmitter 

and receiving the same signals with a single receiver. Additional 
communication range is obtained when transmitting FM signals. 

More efficient battery performance is achieved when transmitting 

25 linear AM signals. A single transmitter transmits both AM and 

FM signals. A single receiver capable of differentiating phase 

differences demodulates either AM or FM signals. Only one 

receiver is necessary, and there is no need to inform the receiver of 

what type of modulation was performed on the transmitted signal. 

30 In the preferred embodiment, FM modulators have 12.5 kHz 

channels and linear AM modulators have 6.25 kHz channels. The 

receiver can be the same in either case. The form of modulation 

used in the present invention is called QPSK-c. This modulation 

technique is discussed in detail in U.S. Application No. 07/629,9Bl 

35 titled "Multi-Modulation Scheme Compatible Radio" filed on behalf 
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of Alan L. Wilson et al. on December 19, 1990, which information 

is enclosed herein by reference. QPSK stands for Quaternary 

Phase Shift Keying. QPSK-c, where the c stands for compatible, is 

a linear differential form of QPSK that is AM and FM compatible. 

5 It is possible to transmit with a higher average power using FM, 

and hence increased coverage area is obtained for the signal than 

when AM is used. An Ml transmitter, however, consumes less 

power and hence is a more efficient user of a portable radio's 

battery charge or power than an FM transmitter. When using 

10 QPSKftc modulation, 4ftleve1 FSK (Frequency Shift Keying} is used 

in FM transmissions and DftQPSK (Differential QPSK) is used in 

AM transmissions. Switching from AM to FM yields higher 

average power, and hence increased coverage area for the signal, 
at the cost of battery charge. Thus range is enhanced and greater 

15 coverage is obtained for the same radio, or communication unit, 
when such coverage is desired. Conversely, switching from FM to 

AM when extended range is not necessary conserves battery 

charge. In the present invention, the communication unit 

changes its type of modulation and thus is more quickly responsive 

to such a change. This is accomplished by, inter alia, an x/(sin x) 

filter, where x :::: 1t fT in the preferred embodiment, and a phase 

angle integrator for the exponential function. 
One part of FIG. 1 shows a conventional four~level FM 

transmitter. Information to be transmitted enters a digital signal 
2.5 processor (DSP) 101. The DSP 101 processes the information and 

sends it to frequency modulator 103 which passes the information 

to power amplifier (PA) 105 which is rated class C. As shown in 

FIG. 1, a class C four-level FM transmitter transmits a constant 

envelope. 

A conventional linear AM transmitter is also shown in FIG. 
1. Information to be transmitted is processed in DSP 107 and 

output to a conventional linearizer 109, the output of which is input 

to a class AB power amplifier 111. As seen in the diagram, an AM 
signal has a non-constant envelope. The average signal power of 
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an AM signal is less than the average signal power of an FM 

signal having the same peak envelope size. 

Also shown in FIG. 1 is a common :receiver which may 

receive information from both four-level FM transmitter and 

5 linear AM transmitters. The common receiver has a front-end 

receiver 113, a digital receiver 115, and a digital signal processor 

117 that processes the information into data or audible speech. A 

linear AM transmitter has a time¥varying amplitude that is 

reduced for high frequency deviation. Note that DSP 101, DSP 107, 

10 and DSP 117 also perform functions other than those shown. 

Throughout the specification and drawings, the DSP as shown 

may be a DSP 56001 available from Motorola., Inc. 

FIG. 2 shows a detailed implementation of the transmitters 

and :receiver of f'IG. 1. An FM transmitter, yielding 4¥level FSK 

15 data, is shown by blocks 201, 203, 205 and 207. 4-level data is input 

to a raised-cosine filter 201 which is a splatter filter of the Nyquist 

raised-cosine finite impulse response type with splatter filter 

transition ratio alpha= 0.2, as is known in the a.rt, The FM 

transmitter includes a differential encoder comprised of blocks 203 

and 205. An fT/sin(n fT) filter 203 and an integrator 205 comprise 

the differential encoder. In the preferred embodiment, the 
integrator 205 is a simple integrator that uses the modulo 2r.: 

property of the phase to avoid overflowing, as is known in the art. 

The output of integrator 205 is the phase 0 of the 4ulevel input 

25 signal. A detailed description of one implementation of the raised

cosine filter 201 and 11: fT/sin(n: IT) filter 203 follows in the next 

paragraph. Phase modulator 207 takes the phase f,!I and modulates 

it, creating a complexuvalued result that is designated e.1~. The 

output, e.1~, of phase modulator is input to switch 209. 

The cascaded filter implementation of the Nyquist 

raised-cosine filter 201 and the rr IT/sin(it IT) filter 203 may be 
implemented as follows. Let H(w) equal the frequency response of 

an ideal Nyquist raised cosine filter. The normalized corner 

frequency is 1 radian/second, and the normalized symbol time 
35 (denoted by T) is 11: seconds, and 
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H(oo) = 1 for 1 - a.;?; wl 
H(oo) = l + lcoJn{lffi - l + a)) for 1 -a <lwl :s; l + o. 

2 2 1 2a 
H(ro) = 0 for l +a< I wl. 

5 The impulse response, h(t), of the filter is found with the inverse 

Fourier transform, and noting that H(w) is an even function: 

10 

15 

h(t) = -1.. f °" H(w)ei00tdw = .l1ro H(fu) cos(wt) dw 
2x X 

·"" 0 

1
1-a. 

1
1+a 11+a 

= 1 cos(ffit) dw + ..1. cos(u1t) dro + .l cojn{@-l +a,)} cos(u1t) d(1) 

re 
O 

2n 
1 

2n: 
1 

i 2a 
·U ·O: 

Using the identity cos(x) cos(y) = 0.5 cos(x+y) + 0.5 cos(x-y) and 

performing the integration: 

h(t'"" sin[(l-a)t] + sin[(l+a)t] - sin[(l-a)t] 
' m 2m 

sin[n+(l+a.)t] - sin((l-o:)t] sin[n-(l+a.)t] + sin[(l--a)t] 

+ 4,rr/...1.L + t) + 4.J..1L -t) . 
·,20. '12a 

Using the identity sin(n+x) = -sin(x), regrouping terms, and then 

using the identity sin(x+y) + sin{x-y) = 2 sin(x) oos(y): 

h(t) = n sin[(l+a.)t] + sin[(l-a.)t] = 1t sin(t) cos(at) . 

8o.2t / ..1L)2 a,2 
\2a.. 

The filter function h(t) can be sampled at discrete time intervals to 

realize the Nyquist raisedacosine finite impulse response filter 201. 
The shaping filter, f(t), is derived as follows, where F(ro) is the 

25 frequency response of the shaping filter, T is the symbol time 
which equals 208.333 µsec for 9600 bits per second which equals 1t 

seconds for the normalized system used in H above, and 
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F<rn) = roT/2 for all frequencies. 
, sin(rnT/2) 

The frequency :range of interest for F(rn) is -1.2n < wT < 1.2rc, which 

is the frequency range covered by the Nyquist filter H(w) when the 

5 roll~off factor a= 0.2, In order to find a suitable impulse response, 

the function F will be approximated with a Fourier series of cosine 

terms, and the result will be transformed to the time domain. 

A time interval to approximate F is first selected to be 

±1.33333:n:, because it must exceed ±1.21t and be less than ±2n 

10 because there is a singularity in F at roT::::2'.ll:. The Fourier series 

expansion follows, where :xis the normalized frequency: 

"" 
F(x) = . me = fo + I fkCO"/ ~nk; ) where .x = IT = .wT, 

srn(mc:) k:::l ''h.33333 2n 

fo = 0.75[

213 

F(x) dx, and 
2/3 

15 fk = 1.51
213 

F{x) co~ 211:kx } dx for k > 0. 
2/3 1.33..133 

25 

These integrals are easily evaluated numerically. The first twelve 

terms appear in the following table. 

k fk k fk 

0 1.35697 6 0.0281791 
1 -0.4839 7 -0.0210304 

2 0.189043 8 0.0162746 

3 -0.0982102 9 eQ.0129571 
4 0.0594-481 10 ·0.0105541 

5 -0.0390059 11 ~0.00875928 

Performing the inverse Fourier transform on the series as follows: 
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ftt) = ..1.. f"' F(w)dCiltdw = -=1---f °" (ro + }: fkco~ 2ruor ) ') eJ(()t dro 
2n ·"" 2rc k,::J 1.33333 , 

•00 

=·-1-(ro&:t)+ f f~.8(0.75kT)+ f fko(-0.75kT)) 
2n: \ bl 2 k=l 2 ; 

where .S(t) represents the Dirac delta function. Sampling at 8 

5 samples per s:ymbol yields non-zero samples and 0.75 x 8 = 6 

sample intervals. The middle or 0th sample has amplitude f o, and 

the remaining samples have amplitudes fk/2 for k:::::±1, ±2, ±3, ... 

Cascading the previously computed h(t) with ft:t) yields the filters 

necessary for an FM n/4 DQPSK-c transmitter, as used in the 

10 preferred embodiment of the present invention. Although the 

above implementation is shown in band-limited form, band.

limiting is optional and is not required for the present invention. 

The AM t:ransmitter1 yielding D-QPSK data, is comprised of 

blocks 211,213,215, and 217. Four level data having levels of± n/4 

15 and ± 3n:/4 enters a differential encoder comprised of a summer 

211 and a delay 213. The output of this differential encoder enters a 

phase modulator 215, where the output of the phase modulator 215 

has complex components I and Q at one sample per symbol. I 

represents the in~phase component, and Q represents the 

quadrature component. The output of modulator 215 is input to 

raised cosine filter 217 with alpha = 0.2 where raised cosine filter 

217 is similar to raised cosine filter 201. The output of raised 

cosine filter 217 is input to switch 209. Whichever form of 

transmission is selected, either FM or A.i..'1, the output of that part 

25 of the transmitter is input to modulator 219, which modulates the 
signal to the carrier frequency w. 

Blocks 211, 213, and 215 each operate at the :rate of one 

sample/symbol or 4800 syrnbolsisecond. Blocks 201 and 217 

interpolate from 1 sample/symbol to N samples/symbol at the 
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output, where N is usually 10 or more, but at least greater than 

one. Blocks 203, 205, and 207 each operate at N samples/symbol. 

For efficiency and to eliminate redundant parts in the 

preferred embodiment, only one class AB PA is used in the 

5 transmitter, thus the linear Mi transmitter configuration of FIG. 

1 is used to embody the entire transmitter of FIG. 2, blocks 201 

through 219 inclusive. Because the preferred embodiment of the 

present invention uses a DSP, transmitter blocks 201,203,205,207, 

209, 211, 213, 215, 217, and 219 are easily implemented in the DSP 

10 107 of the linear AM transmitter. Because blocks 201 through 219 

are included in the DSP 107, it is unnecessary to duplicate DSP 101, 

frequency modulator 103, and PA 105. The modulator 219 is also 

implemented in the DSP 1071 and the output of the modulator 219 is 
input to the linearizer 109 prior to transmission. 

15 A detailed common receiver is also shown in FIG. 2. In the 

preferred embodiment, the receiver blocks 221, 223, 225, 227, 229, 
and 231 are a.11 implemented in the DSP 117, When the :receiver 

and transmitter are in the same communication unit or radio, one 

or more DSPs may be used to support the functions of DSP 107 and 

DSP 117. A loose IF (intermediate frequency) filter 221, first 

receives a modulated signal. The output of the loose IF filter 221 is 

input to inverse tangent function 223, which is part of a frequency 

demodulator including blocks 223,225 and 227. Blocks 225 and 227 

a.re also part of a differential encoder also including integrate a.11d 

25 dump filter 229, the function of which is described in detail in the 

following paragraph. The output of block 223 is input to summer 

227 and the positive form of the delayed component is subtracted 

from block 227 as output from block 225. The output of integrate 

and dump filter 229 is input to stochastic gradient bit recovery 

ro block 231 the output of which is four level data as transmitted 

initially. Stochastic gradient bit recovery is well known in the art. 

Because the receiver is sensitive only to phase, the envelope does 

not matter and both FM and AM transmission may be received 

and properly decoded by this common receiver. Thus, because a 

35 more powerful AM PA is required than for an FM PA for the same 
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range, a switch of the two modulations temporarily although 

draining more power gains extra (greater) coverage area. 

The impulse response for the integrate and dump filter 22.9 is 

derived below, in a closedufo:rm solution that is expressed in terms 

5 of the sine integral function Si(x), which is well known in the art. 

A bandulimited integrate and dump filter is achieved when a 

portion of the side lobes are filtered out of the frequency response. 
The portion of the frequency response that is necessary for good 
fidelity in the symbol recovery is in the range u(l + a.)/(2T) Hz to 

10 (1 + a)/(2T) Hz. Because of a spectral null at J/I' Hz, the response 

is restricted to l!T Hz cutoff. Where H(x) is the frequency response 

of a band~limited integr3:te and dump filter: 

H(x):::::: sin(:rtx) for Ix I< 1 
TeX 

1,5 H(x) = 0 forlxl ~ 1. 

2.5 

Where h(t) is the impulse response of the filter H(x), w = 2ror, and 

H(w) is an even function: 

h(t) = _J_ H(w)eiuli:dw = _l_ sin(w/2) ~rotdoo f.
'"' 12n 

21t "" 2:it -2n oo/2 

1
2:rt 

= .l. 2.. sin(w/2) cos(oot) dro 
1to (J) • 

:: .l l.( sin[(t+l/2) '"l - sin[(tul/2) rn]) drn 1
2n 

1t O 00 

(1
2mt+l/2) 12n(t-1/2) ) 

= 1. sin(v) dy - sin(y) dy 
it ~ y y 

0 0 

=; (Si[2n:(t+l/2)J - Si[2n(t-1/2)]) where Si(x) = ix sin(t) .dt._ 
0 t 
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Although the above implementation is shown in band-limited 

form, bandulimiting is optional and is not required for the present 

invention. 

Hence in the present invention, when it is desired for any 

5 reason by command or as determined by the radio, the radio will 

automatically switch from AM to FM to gain extra range for a 

particular signal. . The radio or communication unit may also 

receive a signal, such as from a base station or other controlling 

unit including another radio, instructing it to transmit with a 

10 particular modulation. Similarly, the radio will automaticaHy 

switch from FM to A.'\\1 to gain better battery efficiency. This 

switching takes place in switch 209, which is controlled by a DSP 

in the preferred embodiment. 

Although the preferred embodiment uses QPSK-c 

15 modulation, a common receiver can still be used for any 

modulation that distinguishes data by phase, i.e., where all the 

constellation points fall on a circle, such as QPSK, D~QPSK, and 

CORPSK (Correlated PSK). 

Although a DSP is used to perform many of the functions of 

the present invention, discrete elements or other programmable 

logic may also be used and will achieve the same effect. 

What is claimed is: 
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Claims 

1. A communication system characterized by: 

5 a transmitter that modulates and transmits communication 

signals modulated by a first modulation technique and 

communication signals modulated by a second modulation 

technique, wherein said first modulation technique and said 

second modulation technique are different; and 

10 

15 

a receiver capable of receiving said communication signals 

modulated by said first modulation technique and said 

communication signals modulated by said second modulation 

technique and demodulating said communication signals. 

2. The communication system of claim 1, further 

characterized in that said first modulation technique is amplitude 

modulation and said second modulation technique is frequency 
modulation. 

3. The communication system of claim 1, further 
characterized in that said first modulation technique is 

differential quaternary phase shift keying a,.'1.d said second 
25 modulation technique is 4-level frequency shift keying. 

4. The communication system of claim l, further 
characterized in that said communication signals modulated by 
said first modulation technique are transmitted when low power 

3:.l consumption by said transmitter is desired. 

5. The communication system of claim l, further 

characterized in that said communication signals modulated by 
said second modulation technique are transmitted when greater 

35 signal coverage by said transmitter is desired. 
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6. A communication unit characterized by: 

means for modulating communication signals by a first 

modulation technique, producing a first modulated signal; 

means for modulating communication signals by a second 

modulation technique, producing a second modulated signal, 
wherein sai<l first modulation technique and said second 

modulation technique are different; 

means for selecting between said first modulated signal and said 

second modulated signal, producing a selected signal; and 

a transmitter for transmitting said selected signal. 

7. The communication unit of claim 6, further characterized 
in that said first modulation technique is amplitude modulation 
and said second modulation technique is frequency modulation. 

8. The communication unit of claim 6, further characterized 
in that said first modulation technique is differential quaternary 
phase shift keying and said second modulation technique is 4-level 

frequency shift keying. 

9. The communication unit of claim 6, further characterized 

in that said first modulated signal is selected when low power 

consumption by said transmitter is desired. 

10. The communication unit of claim 6, further characterized 

in that said second modulated signal is selected when greater 
signal coverage by said transmitter is desired. 
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(57) Abstract 

A wireless communication system basestation making use of a wideband, multichannel digital transceiver having incorporate-.d therein 
a time division multiple-oc.cess (TDM) bus for providing digital samples of a plurality of wireless communication channels, wherein the 
time slot duration and frame rate of the IDM bus may be reconfigured. The invention allows various air interface standards. even those 
having different channel bandwidths, to be serviced by the same basestation, without having to install additional or different equipment, 
and by automatically redistributing signal processing resources, eliminating the need to reconligure the basestation when different types of 
wireless signalling must be accomodated. 
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\VIDEBAND WIRELESS BASESTAT!ON MAKING USE OF TIME 
DIVISION MULTIPLE-ACCESS BUS HAVING SELECTABLE NUMBER OF TIME 

SLOTS AND FRAME SYNCHRONIZATION TO SUPPORT DIFFERENT 
MODULATION STANDARDS 

FIELD OF THE INVENTION 

This invention relates generally to communication networks, and in particular to a 

wireless communication system basestation making use of a wideband, multichannel 

digital transceiver having incorporated therein a time division multiple-access (TDM) bus 

for providing digital samples ofa plurality of wireless communication channels, wherein 

the TDM bus has a selectable number of time slots per frame. and a selectable frame 

synchronization rate, to permit dynamic allocation of modulator and demodulator signal 

processing resources, and to support wireless modulation standards of different 

bandwidths. 

BACKGROUND 

The basestations used by the providers of current day multiple channel wireless 

communication services, :such as celluiar mobile telephone (CMT) and personal 

communication systems (PCS), typicaliy designate signal processing equipment for each 

single receiver channel. This is probably a result of the fact that each basestation is 

configured to provide communication capability for only a limited predetermined number 

of channels in the overall frequency spectrum that is available to the service provider. 

A typical basestation may thus contain several racks of equipment which house 

multiple sets of receiver and transmitter signal processing components that service a 

prescribed subset of the available channels. For example. in an Advanced Mobile Phone 

Service (AMPS) cellular system, a typical basestation may service a pre-selected number 

of channels. such as 48. of the total number, such as 416. of the channels available to the 

service provider. 

Certain types of wireless service providers would prefer, however. iO employ 

equipment that would be more flexible. both in terms of where it-can be located. as well 

as in the extent of the available bandwidth coverage provided by a particular transceiver 

site. This is particularly true in rnral areas where cellular coverage may be concentrated 

along a highway. and for which the limited capacity of a conventional 48 channel 
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transceiver may be inadequate. This may also be true in other instances, where relatively 

large, secure, and protective structures for multiple racks of equipment are not necessarily 

available or cost effective, such as for PCS applications. 

One way to resolve this difficulty is to implement a basestation transceiver using a 

high speed analog-to-digital (/VD) converter and equipment which makes use of efficient 

digital filtering algorithms such as the Fast Fourier Transform (FFT). to separate the 

incoming signal energy into multiple ones of the desired channels. On the transmit side, 

this basestation implementation includes an inverse FFT processing combiner which 

outputs a combined signal representative of the contents of the communication channel 

signals processed thereby. In this manner, relatively compact, lightweight. inexpensive, 

and reliable digital integrated circuits may be used to cover the entire channel capacity 

offered by the service provider, rather than only the subset of the available channels. 

Thus unlike prior art basestations, the wideband digital basestation is capable of 

receiving any channel. While this provides a certain number of advantages as described 

above. it also poses a number of unique problems to the service provider. 

Perhaps most importantly, there exists a rn:ed to d'ficientiy support a varying 

number of active channels and the required connections into the public switched 

telephone network. 

These connections should be made in such a way as to simplify call control. 

Indeed, it would be desirable for as many of the call set up control functions required by 

such a basestation were handled to the maximum extent possible by the basesta!ion itself. 

By so simplifying the network interface. the Mobile Telephone Switching Office 

(MTSO) and/or Mobile Switching Center (MSC) through which the basestation is 

connected to 1he Public Switched Telephone Network (PSTN) may be freed, as much as 

possible. from the details of maintaining a proper connection from the PSTN to the 

remote subscriber unit. 

Secondly. the basestation should make efficient use of the available resources 10 

process each ca!L ln particular, while the wideband channelizer separates the signals into 

channels. certain other signal processing resources such as demodulators and modulators 

are also required. 

Using the wideband front end, any channel in the bandwidth available to the 

service provider is availahle at any time. However_ it is desirable for such a basestation 
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to only activate as many of the other, per-channel resources as is required to support the 

present call density. 

By making the basestation's implementation of call processing resources as 

modular as possible, the basestation could initially be configured to support a limited 

number of channels. Then, as the demand for services grows, additional cham1els could 

be supported by the addition of the necessary resources. 

In other instances, the basestation should be reconfigurable in the event of an 

change or expansion in one type of service. For example, given the emergence of several 

air interface standards such as code division multiple access (CDMA) as well as time 

division multiple access (TDMA) standards for cellular, it is desirable for a given 

wideband basestation to be able to support each such standard. thereby reducing the 

number of such basestations that need to be deployed. However, it would be desirable if 

the resources allocated to one particular air imerface, when no longer needed. could then 

be made available to process signals formatted using the other air interface. That is. as 

the demands of one type of service or the other come and go, !he basestation should be 

automatically reconfigured, without requiring an investment in new or differem 

basestation resources. 

Thus, several difficulties exist with a wideband digital basestation that can 

process at any time. any one of many channels in the RF bandwidth available to a service 

provider. 

SUMMARY OF THE INVENTION 

Briefly. the invention is a wideband transceiver basestation for a wireless 

communication system. The receiver portion of the basestation includes a digital 

channelizer which provides digital samples of multiple wireless channel signals. and a 

time division multiplexed (TDM) data bus. to provide switching functionality between 

the various channel outputs and other basestation receiver resources such as digital 

demodulators. 

On the transmitter side. basestation signal processing resources such as digital 

modulators are also connected to a multichannel digital combiner over the TDM bus. 

Thus, the same flexibility in switching functionality is provided between transmitter 

signal processing resources and the transmitter channel inputs. 
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A synchronization and clock generation circuit has the capability of selecting the 

number of time slots, as well as the bus frame rate, to be used on the TDM bus. The 

number of time slots and the bus frame rate depend upon, respectively, the number of the 

channel signals and the bandwidth of each of the channel signals provided by the 

channelizer. 

More particularly, the wideband basestalion transceiver includes a receive antenna 

and one or more digital tuners that provide wideband digital signal energy to a digital 

channelizer. The digital channelizer, in tum, produces a plurality of channel signals, with 

each channel signal representing the signal energy in one of the radio frequency channels. 

The channel signals each consist of a series of digital samples. 

The digital samples of each channel signal are, in turn. connected to a time 

division multiplex: (TDM) bus. A basestation controller grants access to the TDM bus by 

each channel signal in a predetermined timeslot, in a predetermined order. 

The samples of the digital channel signals are then forwarded to am available one 

of the associated receiver resources, such as a demodulator. The demodulators. typically 

implemented in a digital signal processor (DSP). are then connected to an outgoing 

landline such as a Tl line to a telephone switching office (MTSO) or mobile switching 

center (MSC) for further connection into the PSTN. 

Accordingly, when the basesrntion is to support a particular number of channel 

signals simultaneously, each channel signal having a bandwidth as dictated by a 

particular modulation or air interface standard to be suppmted. the TDM bus reconfigured 

accordingly, to provide the required number of bus time slots. as well as the frame repeat 

rate required to support the desired per-channel sampling rate. 

When it is desired that the basestation support a protocol which has a larger 

number of narrower bandwidth channels, the bus timing circuits are reconfigured to 

provide a correponding:ly larger number of time slots at a slower frame rate. and, 

likewise. when the basestation is to support a protocol which has a smaller number of 

wider bandwidth channels. the bus timing circuits are again reconfigured to provide a 

smaller mmrnber of time slots at a higher frame rate. 
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As a result of the switching functionality provided by the TDM bus, the 

basestation is thus capable of supporting different signalling protocols, or air interface 

standards, which have different channel bandwidths. 

The invention provides other advantages as well. 

For example. the basestation may efficiently service both code division multiple 

access (CDMA) and time division multiple access (TDMA) signals at the same time. ln 

such an arrangement. there are at least two digital channelizers, with one allocated to 

separating the incoming RF energy into the channel bandwidths required by TDMA, and 

another channelizer dedicated to separating the energy into the bandwidth required by 

CDMA. As the channels are activated, they are then serviced by the pool of demodulator 

resources, by allocating the correct number of additional time slots to accommodate each 

standard. 

If, for example. a wideband CDMA mobile unit goes off line, the timeslots as 

modulators and demodulators freed thereby can be aliocated to processing TDMA 

signals. This results in automatic on-demand redistribution of basestation resources to 

one signaling standard or another, without intervention by an MTSO. MSC. or the service 

provider in any way. 

Such a system architecture also exhibits scalability. in the sense that additional 

DSP processors may be added to support additional channels as traffic increases. without 

having to change the RF front configuration. This is unlike the prior art where each 

basestation had a fixed channel allocation. and. to add capacity. one must add additional 

narrowband receivers and transmitters. 

As a result a basestation according to the invention permits a wireless service 

provider much greater flexibility in planning implementations, as different and even 

future protocols can be supported. 

BRIEF DES'CRJPTION OF THE DRAWINGS 

For a fuller understanding of the advantages provided by the invention, reference 

should be had to the following detailed description together with the accompanying 

drawings. in which: 

Fig. l is a block diagram of wideband digital basestation making use of a time 

division multiplex (TDM) bus according to the invention; 
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Fig. 2 is a more detailed block diagram showing addressable bus drivers and 

receivers which permits access to the TDM bus; 

Fig. 3 is a detailed diagram of an addressable bus driver using a dual-port random 

access memory (DP-RAM); 

Figs. 4A and 4B are timing diagrams showing the frame length and number of 

time slots on the TDM bus for two differem channel bandwidths; 

Fig. 5 is a detailed diagram of an addressable bus driver using a first-in. first-out 

(FIFO) memory; 

Fig. 6 is a detailed diagram of an addressable bus receiver using a FIFO: 

Fig. 7 is a detailed diagram of an addressable bus transmitter using a FIFO: 

Fig. 8 is a sequence of operations performed by a basestation control processor i:1 

setting up a connection; and 

Fig. 9 is an alternate embodiment of the ;rivention making use of multiple tuners 

and channelizers to support multiple air :1terface standards while making maximum use 

of basestation resources, 

DET'.4.JLED DESCRIPTION OF A PREFERRED EMBODJMEJ\T 

Fig. 1 is a block diagram of a wideband wireless digital bascstation l O according 

to the invention. Briefly, the basestation 10 consists ofa receive antenna l l. one or more 

wideband digital tuners 12, one or more digital channelizers 14. a time division multiplex 
-· ·----=-·· - ..... ,, 

(TDM) bus l 6. a control bus 17., a plurality of digital signal processors (DSPs). a first 
~--------

/ 

subset of which are programmed to operate as demodulators 18- l-L 18-i-2 ..... 18-1-P 

(collectively. demodulators l 8-l ); a second subset of which are programmed to operate as 

modulators l 8-2-1. i 8-2-2 ..... l 8-2-Q; and a third subset l 8•-u of which are presently idle. 

transport signal (T- l) encoder 20. a T-1 decoder 22. one or more digital combiners 24. 

one or more wideband digital exciters 26, a power amplifier 28. a transmit antenna 29. a 

basestation control processor (controller) 30, and a TDM synchronization clock generator 

More particularly, the basestation exchanges radio frequency (RF) signals with a 

number of mobile subscriber terminals (mobiles) 40a, 40b. The RF carrier signals are 

modulated with voice and/or data (channel) signals which are to be coupled to the public 

switched telephone network (PSTN) by the basestation i 0. The particular modulation m 
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used may be any one of a number of different wireless (air interface) standards such as 

the well known Advanced Mobile Phone Service (AMPS), time division multiple access 

(TDMA) such as IS-54B, code division multiple access (CDMA) such as IS-95. 

frequency hopping standards such as the European Groupe Speciale Mobile (GSM), 

personal communication network (PCN) standards, and the like. Indeed, in a manner that 

will be described below, the basestation 10 may even be configured to simultaneously 

process RF signals fomiatted according to more than one such air interface at the same 

time. 

On the receive side (that is, with respect to the basestation l 0), RF modulated 

signals are first received at the receive antenna l I. and forwarded to the wideband digital 

tuner 12. The digital tuner l 2 downconverts the RF signal received at the antenna to a 

intermediate frequency (IF) and then performs an analog to digital (AID) conversion 10 

produce a digital composite signal l 3. 

Digital tuner 12 is wideband in the sense that it covers a substantial portion of the 

bandwidth available to the wireless service provider who is operating the basestation l 0. 

For example. if the air interface irnplememed by the basestation lO is JS-54B. the 

wideband digital tuner may downconvert as much as a !2.5 MegaHertz (MHz) bandwidth 

in the 800-900 MHz range which contains as many as 416 receive and transmit channel 

signals, each having an approximately 30 kiioHertz (kHz) bandwidth. 

The digital channelizer l 4 implements a channel bank to separate the 

downconverted composite digital signal l 3 to a plurnliay, N. of digital channel signals 15. 

This digital sampled signal is then further fihered to separate it into the individual 30 

kHz channel signals. The digital channelizer l 4 can thus be considered as a bank of digital 

filters with each filter having a 30 kHz bandwidth. The digital channelizer 14 may 

implement the filter bank using any of several different filter structures. and no particular 

digital filter structure is critical to the operation of the invention. However, in one preferred 

embodiment, the digital channelizer 14 consists ofa set ofconvolutional digital filters and a 

fast Fourier Transform (FFT) processor. The convolutional digital filters make use of 

multirate digital filter techniques. such as overlap and add. or polyphase, to efficiently 

implement a digital filter bank by grouping samples of the downconverted signal together. 

multiplying the sample groups by a convolutional function, and then forwarding the samples 

to lhe FFT for conversion into the n individual channel signals. Such filter banks may 
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imp[emented using any of the techniques as are described in the textbook by Crochiere, R.E .. 

and Rabiner, LR., entitled "Multirate Digital Signal Processing" (Englewood Cliffs. New 

Jersey: Prentice-Hall, J 983), pages 289-399. 

In any event, the channelizer 14 provides N individual digital channel signals ] 5, 

wherein each of the N outputs represent information in one of the radio frequency 

channels originated by the mobile 40. Usually, one-half of the channels are used for 

transmitting signals and one-half for receiving signals. Thus. in the IS-54B example 

being described. N is 208. and thus there are 208 receive and 208 transmit channels 

implemented. hy the basestation l 0. 

These N digital channel signals are then provided over the time division multiplex 

(TDM) bus 16 to a plurality of digital signal processors (DSPs) I 8-l- L l 8-1-2 ..... l 8-1-P 

(collectively, dernodulator-DSP 18- 1 ). ln a manner thar will be understood in greater 

detail shortly. the TDM bus 16 operates as a time division multiplexed cross-bar switch. 

That is. any one of the N digital channel signals 15 may be connected ao any one of the 

demodulator DSPs 18-l via the TDM bus 16. 

The exact nature of the timing of the TOM bus 16. that is. the number of time 

slots available for eaech frame of data samples outpm by the digital channelizer 14, and 

thus the manner in which the N digital channel signals are transferred over the TDM bus 

16. changes depending upon the number of channel signals. N. The manner in which the 

base station l O accomodates these changes in the timing of the TOM bus 16 will be 

decribed in greater detail below. 

The DSPs l 8-l are each programmed to remove the modulation on each channel 

signal 15 as specified by the air interface standard supported by the basestation l 0. There 

typically is not a one-to-one correspondence between the number of DSPs 18-1 and the 

number of charmel signals, N. provided by the channelizer 14. For example. the DSPs 

may each process a number. such as 24. of digital channel signals 15 at the same time. 

The basestation controller 30. using the VME bus and TOM synchronization 

clock generator 32, manages access by individual digital channel signals l 5 to the TOM 

bus l 6. in a manner that will be described shortly. 

The outputs of the digital signal processors 18-L representing demodulated audio 

or data signals, are then forwarded over the VME bus l 7 to the encoder 20, The VME 
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bus 17 is a well known industry standard relatively high frequency bus for 

interconnecting digital processors and components. 

PCTfOS96/0llOO 

The encoder 20, in turn, reformats the demodulated signals as necessary for 

transmission to a local Mobile Telephone Switching Office (MTSO). The demodulated 

signals may be reformatted according to any one of a number of well~known time 

multiplex telephone signal transport protocols. such as the so-caiied Tl span (or El). The 

Tl signals are then processed by the MTSO in an known fashion, to ultimately complete 

a telephone cali from the subscriber unit 40 to a desired destination. such as another 

telephone subscriber who is connected to the Public Switched Telephone Network 

(PSTN). 

Since each Tl span has a limited capacity, there may he more than one Tl signal 

necessary to accommodate all of the channels serviced by the basestation l 0. In the 

example being discussed, each Tl signal may be formatted to carry up to 96 lS-54B 

bandwidth-compressed signals to the MTSO, assuming that the demodulated signals 

remain as compressed audio. Thus, as few as five TI lines can be used to carry all of the 

4 l 6 transmit and receive channels. When not all of the channels are busy, however. on as 

many of the Tl line resources as are necessary are connected to the MTSO. in a manner 

that will be understood shortly. 

In other words. the demodulated signals output by the DSPs 18- l may each be 

sub-rate (e.g .. sub-DS0 frequency signals) which still contain additional encoding other 

than the air interface standard, such as impressed by a bandwidth compression scheme. 

which is not removed by the basestation l 0. Rather, to minimize the required m.imber of 

time slots used by the Tl signals, such compression may be removed at the MTSO. 

The signal flow on the transmit side of the basestation l O is analogous. Signals 

are received from the MTSO and provided to the Tl decoder 22, which removes the Tl 

formatting. 

The unformatted Tl signals are then coupled to the DSPs l 8 over the bus l 7. A 

subset of the DSPs 18-2-L l 8-2-2 .... , l 8-2-·Q (collectively. modulators 18-2) then 

modulate these signals and presents them to the TDM bus 16. Ultimately. these are then 

each coupled to one of the N digital channel signals 23 input to the combiner 24. As was 

true in the receive direction. being a cross-bar svvtich, the TDM bus l 6 permits any one of 

the modulator DSPs l 8-2 to be connected to any one of the channel signal inputs 23. 
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Although each modulator DSP 18-2 typically processes multiple channel signals. 

each such channel signal generated by the modulator DSP 18-2 is typically assigned one 

or more unique time slots on the TDM bus 16, with no two channel signals thus 

occupying the same time slot Similarly, no two channel signals on the receive side ever 

occupy the same timeslot on the TDM bus 16. 

As for the demodulators DSPs 18-1, the number of time slots assigned per frame 

on the TDM bus l 6 varies, depending upon the channel bandwidth of the moduation 

standard implemented. 

Other DSPs 18-u may be unused at a particular point in time. However. these 

unused DSPs remain as an available resource to the basestation l 0, should a new mobile 

40 request access. The manner in which DSPs are allocated at the time of setting up a 

call will be described in detail below. 

The digital combiner 24 combines the TDM bus outputs to produce a composite 

IF digital signai 25 representing the N channels to be transmitted. The digital combiner 

24 then feeds this combined signal to a digital exciter 26, which generates an RF signal 

27. This RF signal 27 is then amplified by the pmver amplifier 28 and fed to the transmit 

antenna :29. 

ln order to set up each call, the basestation control processor 32 must e;,,;change 

certain control infom1ation with the MTSO. For example. when a mobile unit 40 wishes 

to place a call. the mobile unit 40 indicates this by transmitting on one or more control 

signal channels. These control signals may be exchanged in one of several ways. As 

shown. the control signals may be in-band or out of band signals present in one or more 

of the channel signals output by the channelizer l 4 or input to the combiner 24. 

A!temmively. a separate control signal tra..'l.sceiver 35 may be used to receive and transmit 

such control signaling. 

l n either event. the base station l O forwards the request for access by the mobile 

40 to the lvffSO. to set up the end to end connection. Upon receiving an indication from 

the MTSO that ,he connection can be made at the remote end, the basestation IO then 

performs a number of steps. to insure that the appropriate data path through the TDM bus 

is then enabled to support communication with between the newly enabled mobile 40 and 

the MTSO. 
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For example, the MTSO typically returns a pair of Tl span line and Tl time slot 

identifiers. These inform the basestation controller 30 on which outgoing Tl line and 

time slot to place the received signal, and on which incoming Tl line and time slot it can 

expect to obtain the transmit signal for the mobile 40. 

However, before proceeding with a detailed explanation of this call set-up 

process, a bit more detail of the operation of the TDM bus l 6 will be provided. As 

shown in Fig. 2, the digital channelizer 14 consists of a convolutional digital filter 140, a 

fast Fourier transform (FFT) 142, as we1l as a TDM dual port (DP) driver l 44. 

The operation of the convolutiona1 filter 140 and FFT 142 is not critical to the 

present invemion, and is explained in the co-pending application. It is sufficient here to 

say that the convolutional filter l 40 and FFT 142 make use of multirate digital signal 

processing techniques, such as overlap and add or polyphase. m efficiently implement a 

digital filter bank by (]) grouping samples of the downconverted signal 13 together and 

multiplying them by a weighting function. and then (2) forwarding them to the FFT l 42 

for conversion into the N individual channel signals. 

An exemplary DSP demodulator 18-!- l and modulator l 8-2-1 are also shown in 

Fig. 2. The demodulator DSP l 8-1-l includes a TDM first-in first-out (FIFO) driver 180 .. 

L a TDM FIFO receiver l 82-l, a DSP central processing unit l 84-l and program 

memory 186-l. Similarly, the modulator DSP l 8-2-l includes a TDM FffO driver l 80-

2, a TDM FIFO receiver 182-2. a DSP central processing unit 184-2 and program 

memory l 86-2. 

Indeed. the modulator and demodulator DSPs may share the same hardware 

architecture, with the only difference being the in the program which is enable in the 

program memory l 86, which in tum may control whether the TDM receiver or TDM 

driver hardware is enabled. 

Thus, in the DSP demodulator 18-1-L only the TDM receiver 182-is enabled (as 

indicated by the dashed lines around the driver 180- I )s since the demodulator 18-1-1 only 

receives data from the TDM bus l 6. Likewise, only the TDM driver 180-2 is enabled in 

the DSP modulator l 8-2-1. since it only transmits data on the TDM bus 16. 

On the transmit side, the digital combiner 24 consists of a TDM dual port (DP) 

receiver 244. an inverse FFT 242, and deconvolutionai digital filter 240. ln a manner 

that is described below, the TDM DP receiver 244 reads each of the data samples off the 
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TOM bus 16 in their assigned time slot. and provides them to the inverse FFT 242 in the 

required order. 

The samples are then operated on by the inverse FFT 242 and deconvolutional 

filter 240, to provide the composite digital signal 25 (Fig. l }, 

Returning attention now to the channelizer 14, a detailed diagram of the TDM DP 

driver 144 is shovvn in Fig. 3. Briefly, it operates to assert the output samples from the 

FFT 142 in the proper time slots on the TDM bus 16. In order to simply the 

implementation of the TDM bus 16, these time slots are fixedly assigned to particular 

channels (such as in ascending order by frequency and time slot number). Thus. a sample 

of a given one, k. of the N channel signals, will always appear in a particular time slot k, 

when it is active. 

The DP driver 144 consists of a TDM slm counter 200, a first Dual Port Random 

Access Memory (DP-RAM) referred to as the enable DP-RAM 202. a second DP-RAM 

referred to as the data DP-RAM 204. and a driver 208 having an enable input EN. 

As is conventional, each of the DP-RAMs have two separate address and data 

ports for reading and ·writing data, namely. input address and data ports Al and Dl. and 

output address and data ports AO and DO. 

In operation, the TDM slot counter 200 receives a pair of signals generated by the 

TDM synchronization circuit 32 (Fig. l ). The first signal. TDM CLK. is a digital clock 

signal identifying the clock periods, or time slots. on the TDM bus l 6. The second signal 

is a TDM FRA.rv1E SYNC signal. indicating when a new frame srnrts on the TDM bus l 6 

The TDM slot counter 200, which is a standard digital counter. receives the TDM 

FRAME SYNC signal at a reset input R, and the TDM CLK signal at a clock inpm 

(denoted by a chevron in the Figures). Thus, the TDM slot counter 200 continuously 

keeps track of which consecutively numbered s:lm on the TDM bus 16 is presently active. 

According to the invention, the manner in which the signals are multiplexed onto 

the TDM bus l 6 is changed. depending upon ,he bandwidth of channels in ,he 

modulation scheme being supported. ln particular. the number of time slots per frame on 

the TDM bus 16 is adjusted. depending upon the bandwidth of the modulation of the air 

interface which is implemented. 

Thus. for different air interface :standards, the TDM slot counter 200 will receive 

different TDM CLK and different TDM FRAME SYNC signals. Turning attention 
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briefly to Figs, 4A and 4B, this concept will be better understood. As shown in Fig. 4A. 

for the lS-54B TDMA standard, the channelizer l 4 provides 208 channels, each having a 

30k.Hz bandwidth. The desired complex~valued (e.g., in-phase and quadrature) sampling 

rate of each TDMA channel is approximately 40kHz, so that the frame rate, that is. the 

rate at which each group of208 samples is asserted on the TDM bus 16, is also set to 

40kHz. 

Accordingly, in order to support IS-54B channels, the TDM FRAME S)'NC 

signal is controlled by the TDM synchronization clock generator 32 to reset the TDM 

slot counter 200 every l/40 kHz, or every 25µs. and the TDM CLK signal is set to clock 

the complex-valued samples. one from each of the 208 channels. every 25 µs / 108: in 

other words. to provide approximately one TDM time slot every 121 ns. 

As shown in Fig. 4B. for the IS-95 CDMA standard. the channelizer provides 1 0 

channels, each having a 1.25 Mhz bandwidth. The desired complex-valued sampling rate 

of each channel is approximately 1.67 MHz. so that the frame rate is 600 n.s, 

Accordingly. in order to support IS-95 channels. the TDM FRAME S'YN"C signal 

is controlled to reset the TDM slot counter 200 every 600 ns. and the TDM CLK signal is 

set to clock the complex-valued samples, one from each of the l 0 channels. every 600 ns 

/ 10, or to provide approximately one TDM time slot every 60 ns. 

As shown in Fig. L the TDM synchronization clock generator receives 

appropriate signals from the basestation controller 30 via the VMS bus 17 indicming the 

desired TDM CLK and desired TDM FRAME SYNC rate. 

The manner in which data may be asserted on the TDM bus 16 in any of the time 

slots will now be described in detail. ln particular, the enable RAM 202 generates an 

enable signal 203 indicating when the TDM DP driver 144 may assert data on the TDM 

bus 16. The AI and DI inputs to the enable DP-RAM 202 are typically written into by the 

basestation controller 30 during the process of setting up a new cal!. ln particular. as 

shown in the table depicting the contents of the enable DP-RAM 202. a location in the 

RAM is associated ,,ith each time slot on the TDM bus l 6 (e.g .. if the TDM bus 

contained 512 time slots. then the RAM 202 has 5 l 2 locations). 

A logical "O" in the associated enable DP-RAM 202 location indicates that the 

TDM driver is inactive in the time slot, that is. no data is to he asserted at that time. A 
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logical "1 ·' in the associated location indicates that the time slot has been assigned to this 

particular TDM driver 144. 

Thus, to enable a connection through the TDM bus l 6, one step for the 
---.., 

basestation controller 30, via thlVME b,lls 17, is to write a logical "1" into the DP-RAM 

202 location ';x'' associated with the newly enabled digital channel signal "x". In the 

example. shown, a "I" has been v.rritten at locations "27" and "30'', indicating that this 

particular TDM driver 144 is now active in timeslot numbers 27 and 30. 

The data DP-RAM 204 acts as a buffer. writing the digital channel signal samples 

output by the FFT at the DI input of the data DP-R.t\M 204. The DP-RAM 204 then 

stores the darn samples untli addressed by the TDM slot counter at the output side. 

A data dual port (DP) RAM 204 is as a buffer in the case of processing the FFT 

output. This is because although the samples do come in bursts. or frames. the samples 

are not necessarily provided by the FFT l 42 in the same order as they must be output 

onto the TDM bus 16. This is a particular phenomenon of at least one of the channelizer 

algorithms used. Thus, an address associated with each output sample from the FFT is 

used to determine at which location each sample is written in the data DP-R.,,-\M 204. 

However. the input data is already in the correct order for the TDM FIFO driver 

180-2 used by the DSP modulator. Such a TDM driver l 80-2 can thus use a first-in first 

out memory (FIFO) 210 in the piace of a data DP-RAM. As shown in Fig. 5. the 

configuration and operation of such as TDM FIFO driver 180-2 is somewhat similar to 

the DP driver l 44. 

In particular. the TDM slm counter 200. enable DP-RAM 202 and driver 208 

operate in the same way as for the embodiment of Fig.3. The only difference is in the 

connection of the clock signals to the FIFO 2l0. On the input side. a clock signal is 

provided by 1he data source (e.g .. the DSP processor 184-2) to cause data to be stored in 

the FIFO. The signal from the enable DP-RAM 202 is used to clock the FIFO output. 

DO. 

A detailed diagram of the TDM FJFO receiver 182-i is shown in Fig. 6. It 

includes a TDM slot counter 200. enable DP-RAM 202. bus receiver 2 l 2. and FLFO 214. 

The TDM slot counter 200 and enable DP-RAM 202 operate as for the TDM FIFO driver 

180-l shown in Fig. 5. to identify when the receiver 212 is to be active. The FIFO 214 is 

connected to the output of the receiver 2 I 2. having its input pon connected to the enable 
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DP-RAM 202 output The output side of the FIFO is clocked as needed by the 

destination for the data (such as the DSP processor] 84- l in Fig. 2). 

The TDM DP receiver 244 is shown in detail in Fig. 7. As for each of the other 

driver/receivers, it includes a TDM slot counter 200, enable DP-RAM 202. 1t includes a 

data DP-RAM 220 operating similarly to the data DP-RAM in the TDM DP driver 144 

(Fig. 3) and bus receiver 218. 

With this background in mind, the details of how the base station comrol processor 

30 effects the switching operation of the TDM bus 16 can now be better understood. 

Fig. 8 is a flowchart of these operations. This sequence of steps is initiated (step 

300) when the basestation controller JO receives control signals from the mobile 40 (Fig. 

l) indicating that the mobile wishes to have access w the PSTN. The controller 30 then 

determines whether a free transmit and receive frequency (step 302) are available among 

the N channels. 

An available modulator DSP and demodulator DSP resource are then identified 

(step 303) by examining a list 33 of free DSP resources maintained in a memory portion 

31 of the basestation controller 30 (Fig. i ). The list 33 is updated by removing the two 

DSPs once allocated. 

Access to an MTSO Tl channel (e.g .. access to one or more Tl time slots as 

needed on a particular Tl span line) is then requested from the MTSO by issuing the 

appropriate MTSO control signaling (step 304). The MTSO then returns Tl span and 

time slot identifiers to be used for the transmit and receive channels for this connection. 

In the next step (306). the appropriate destination and source information is 

written into the various TDM bus drivers and receivers. 

ln particular, given a receive channel identification, a receive channel signal time 

slot on the TOM bus is thus identified. The corresponding location of the enable DP

RAM 202 in the TDM DP driver 144 associated with this time slot is then set to a logical 

"l '" in the manner already described. 

Next. a logical "1" is also written into the enable DP-RAM in the TDM recei\·er 

l 82- l associated with the DSP demodulator l 8- l which was identified as being an 

available resource. If the per-channel bandwidth is greater than that which can be 

supported by a single timeslot, then a sufficiem number of logical "l "s are written into 

the appropriate locations. 
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Also, now given a transmit channel identification, the free DSP modulator l 8-2 is 

enabled {step 306) to use the TDM bus l 6, by writing a logical "l" imo the enable DP

RAM of the TDM drlver J 80-2 connected to the available one of the DSP modulators 

l 8-2. To complete !he connection, a logical "l" is also v.ritten into the location of the 

TDM DP receiver 244 associated with the identified transmit channel. 

Finally (step 308), the basestation controller 30 issues control signals to the 

mobile 40 and MTSO to indicate that the connection has been set up. 

The invention can also be used to advantage in implementing a basestation l 0 

which simultaneously services mobiles 40 which use different air interface standards. 

That is, the basestation l 0 may at the same time process signals from a first mobile 40a 

which uses TDMA (IS-54B) signaling, as well as a second mobile 40b which us.es 

CDMA signaling (lS-95 ). 

As shown in Fig. 9. to support this implementation. the basestation IO includes a 

pair of wideband digital tuners 12-L l 2-2. The first digital tuner l 2- l downconverts a 

bandwidih, such as 5 MHz. from an RF bandwidth which is occupied by TDMA signals. 

A second digital tuner section i 2-2 downconverters a bandwidth. such as 7.5 MHz. which 

is occupied by CDMA signals. 

Next the tuners 12-l. 12-2 fonvard the do,vnconverted signals to respective 

channelizers l 4-L 14-2. The TDMA channelizer l 4-1 is configured to separate the 

received signal into the 30 kHz bandvvidth channels specified by lS-S4B. Likewise. the 

CDMA lS-95 channelizer 1.+-2 is configured to provide l 25 Ml lz chanm:ls as specified 

by that standard. 

The TDM synchronization clock generator 32 is appropriately set to provide a 

sufficient number of time slots on the TDM bus 16 to permit transmission of both the 

required number of samples from the TDMA channelizer l4- l as well as the required 

number of samples from the CDMA channelizer l 4-2. 

The moduiators and demodulators are then grouped according !O the air interface 

modulation they must deal with. For example, at any given instant in time. a certain 

number of DS Ps 18- l · T will have been al located to operate as demodulators for the 

TDMA channeis provided by the TDMA channelizer 14-l. A different set of DSP 

processors l 8- i -C will be serving as demodulators for the CDMA channels provided by 

the CDMA channelizer 14-~. The active modulator DSPs will likewise be so allocated. 
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Thus, assuming that each of the DSPs 18 can be configured to execute either a 

TDMA modulation/demodulation program or a CDMA modulation/demodulation 

program by simply accessing the cor.ec( program memory, the available DSP resources 

and TDM bus time slots are only allocated as needed. 

In other words. the DSPs (and associated Tl connections, for that mat!er) are 

allocated according to user demand automatically, and without intervention by the service 

provider. Thus. for exampl!i\ as more customers migrate to using CDMA. additional 

CDMA channels are automatically made available and processed by the DSPs, at the 

expense of the unused TDMA channels. 

A number of advantages can now be see for a basestation l O configured according 

to the invention. 

When the basestation is to receive and transmit channel signals having a 

bandwidth as dictated by a particular modulation or air interface standard to. the TDM 

bus is reconfigured accordingly, to provide the required number of bus time slots. as well 

as to provide a frame repeat rate approraite to support the required per-channel sampling 

rate. 

When. at a different time, the basestation is to support a protocol having a larger 

number of narro\ver bandwidth channels. the bus timing circuits are reconfigured to 

provide a correpondingly larger number of time slots at a slower frame rme. Likewise. 

when the basestation is to support a protocol which has a smaller number of wider 

band\vidth channels. the bus timing circuits are again reconfigured to provide a smaller 

numnber of lime slots at the higher required frame rate. 

By disposing the TDM bus l 6 between the output of the wideband digital 

channelizer 14 and the demodulator DS Ps I 8- L the demodulator DSPs l 8- l may be 

allocated only as needed. Similarly, the modulator DSPs 18-2 are allocable as needed, 

since the TDM bus l 6 is disposed between them and the digital combiner 24 as welL 

Thus, if the basestation 10 is expected to service only a small number of channels. 

a correspondingly small numb,~r of modulator and demodulator DSPs can be installed in 

the basestation l 0. As the basestation 's demands increases. these additional Rf channels 

can be serviced by simply adding more DSPs. and without having to reconfigure the Rf 

front end. 
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Another advantage is provided in that this switching functionality is distributed at 

the basestation level as much as possible. in particular, unlike certain prior cellular signal 

switching techniques, the MTSO need not be concerned with the details of how the 

mobile units 40 are connected through the basestation. Indeed, the MTSO need not even 

know or care about which transmit and receive frequencies have been assigned to a 

particular mobile. All the MTSO need provide is identification of a Tl transport line and 

time slot on \Vhich it expects to receive and provide signals from and to the mobile. 

Furthermore. because the basestation may efficiently allocate its 

demodulator/modulator resources, a number of different air interface standards may be 

supported by lhe basestation at the same time. without the need to determine in advance 

an exact plan for allocating receiver/transmitter resources for each air interface type. 

Upon detecting a request by a new mobile for access, the basestation simply determine-,; 

the type of air interface used by the mobile. and then signals the appropriateiy 

programmed DSPs. or even initiates the DSPs to run a different modulator/demodulator 

program. as required to support the additional mobile. 

While ,ve have shown and described several embodiments in accordance with the 

present invention. it is to be understood that the invention is not limited thereto. but is 

susceptible to numerous changes and modifications as known to a person skilled in the 

art. and we therefore do not wish to be limited to the details shown and described herein 

but intend to cover all such changes and modifications as are obvious to one of ordinary 

skill in the art. 

What is claimed is: 

DEF0002092 

IPR2020-00033 Page 01898



W096/28946 
-19-

CLAIMS 

l. A basestation for processing signals in a multiple mobile subscriber unit wireless 

communication s:ystem comprising: 

an antenna for receiving signals from a plurality of the mobile units as a composite radio 

frequency, RF, signal; 

wideband digital tuner means. connected to the antenna, for downconverting a selected 

bandwidth of the RF signal to an intermediate frequency, IF, signal and for performing an analog 

to digital conversion on ahe IF signal. to provide a wideband digital tuner output signal: 

digital channelization means. being connected to receive the wideband tuner output 

signaL and providing multiple digital channel signal outputs. each digital channel signal output 

having a predetermined channel bandwidth. and each digital channel signal corresponding to one 

of the signals received from one of the mobile units: 

a plurality of digital signal processing means, for providing digitally processed channel 

signal outputs; and 

time division multiplex switching means. disposed between the multiple digital channel 

signal outputs and the plurality of digital signal processing means. the switching means for 

interconnecting any one of the multiple digital channel signal outputs to any one of the plurality 

of digital signal processing means: and 

time division multipex synchronization timing means. connected to control the 

time division multiplex means, to provide. at a fmme rate which depends upon the 

predetermined bandwidth of the channel signals. a plurality of time slots, the numer of 

time slots depending upon the number of digital channel signals. 

2. The basestation of claim l wherein the signals received from the mobile units contain 

modulation. and the digital signal processors include demodulators to remove the modulation. 

J. The basestation of claim I additionally comprising: 

signal-transport encoding means. connected to the output of the digital signal processing 

means. for encoding the digitally processed channel outputs for further transmission to a mobile 

telephone switching office. MTSO. 
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4. The basestation of claim 3 wherein the signal-transport encoding means is a Tl 

encoder. 

5. The basestation of claim l additionally comprising: 

second digital channelization means. being connected to receive the wideband 

tuner output signal, and providing a second set of multiple digital channel signal outputs, 

each one of the second set of the digital channel signal outputs having a predetermined 

channel bandwidth which is different from the predetermined channel band\'liidth of said 

above mentioned first digital channel signals. and each one of the second set of digital 

channel signals corresponding to one of the signals received from one of the mobile units. 

6. The basestation of claim l additionally comprising: 

second wideband tuner means, connected to the antenna. for downconverting a second 

selected bandwidth of the RF signal to a second intermediate frequency. lF. signal. and for 

perfonning an analog to digital conversion on the second IF signal. to provide a second wideband 

digital tuner output signal; and 

second digital channelization means. being connected to receive the second wideband 

tuner output signal. and providing a second set of multiple digital channel signal outputs. each 

one of the second set of the digital channel signal outputs having a predetermined channel 

bandv,1idth which is different from the predetermined channel bandwidth of snid above 

mentioned first digital channel signals, and each one of the second set of digital channel signals 

corresponding to one of the signals received from one of the mobile units. 

7. A basestation as in claim 6 wherein the first and second set of digital channel signals 

are modulated in accordance with first and second standards, respectively. 

8. A basestation as in claim 7 wherein the digital signal processors include a first 

set of digital signal processor means for demodulating said first set of digital channel 

signals. and a second se! of digital signal processors for demodulating said second set of 

digital channel signals. 
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9. A basestation as in claim 7 wherein said first and second standards are each different 

one of a time division multiplex, TDMA, code division multiplex. CDMA. Advanced Mobile 

Phone System, AMPS. Personal Communications System , PCS. or Groupe Especiale Mobile. 

GSM. 

l 0. A basestation as in claim l additionally comprising: 

basestation controller means. connected to the lime division multiplex switching 

means and the digital signal processing means. for maintaining a list of unused digital 

signal processing means that are not presently interconnected through the time division 

multiplex switching means to one of the digital channel outputs, and for dynamically 

allocating digital signal processing means from the list of unused digital signal processing 

means to be interconnected to one of the digital channel outpuas only when the digital 

channel outpua contains an active signal being transmitted by the mobile unit which has 

not yet been assigned to one of the digital signal processing means. 

l l. A basestation as in claim l wherein the time division multiplex s,vitching means 

further comprises: 

a time division multiplex. TDM, data bus including data lines; 

basestation contrnlier means, connected to the TDM bus. and to generate TDM bus 

synchronization signals and driver address signals. the TDM bus synchronization signals used to 

identify access timeslots on the TDM bus; and 

TDM bus driver means. connected to the TDM bus. the basestation controller means. and 

at least one of the digital channel signals, for receiving the TDM bus synchronization signals and 

the driver address signals. for storing the driver address signals, and for asserting the digital 

channel signal on the TDM bus when the value of driver address signals corresponds to the value 

of the bus synchronization signals. thereby indicating that a timeslot associated with the digital 

channel signal is currently active. 

i 2. A basestation ns in claim l I wherein 1he basestation controller means, 

connected to the TDM bus. additionally generates receiver address signals:, and the time 

division multiplex switching means addhionally includes: 
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TDM bus receiver means, connected to the TDM bus. the basestalion controller 

means, and at least one of the digital signal processor means. for receiving the TDM bus 

synchronization signals and the receiver address signals, for storing the receiver address 

signals. and for reading a signal asserted on the TDM bus and providing such asserted 

signal to the digital signal processor means when the value of receiver address signals 

corresponds to the value of the bus synchroni:c.ation signals. indicating that a timeslot 

associated with the digital signal processor is currently active. 

I 3. A wideband basestation as in claim 6 wherein the first and second channelizers each 

comprise: 

a convolutional digital filter, connected to receive the respective one of the digitized 

wideband signals; and 

a fast Fourier transform, FFT, processor. connected to receive the output of the 

convolutional digital filter. and to provide the digital channel signals. 

l 4. A basestation as in claim 1 additionally comprising: 

a second plurality of digital signal processing means, connected to receive digital 

input signals from a communication signal source: 

n wideband digital combiner, being connected to receive a second plurality of 

digital channel signals, and to provide a composite digital signal for transmission; 

\\herein the time division multiplex switching means is also disposed between the 

second plurality of digital signal processors and the wideband digital combin(.'r. the 

switching means connecting any one of the second set of digital signal processors to any 

one of the digital channel signais input to the combiner: 

a wideband digital exciter, connected to receive the composite digital signal and 

to provide a combined RF signal; and 

a transmit antenna. connected to receive the (;ombined RF signal and the radiate 

the combined RF signal. 

l 5. A basestation as in claim 14 additionally comprising: 

basestation controller means, connected to the time division multiplex switching 

means and the fast and second plurality of digital signal prncessing means, for 
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maintaining a list of all unused digital signal processing means that are not presently 

interconnected through the time division multiplex switching means to one of the digital 

channel outputs, and for dynamically allocating digital signal processing means from the 

list of unused digital signal processing means to function as one of the first or second 

digital signal processing means on.ly when the digital channel output contains an active 

signal being transmitted by the mobile unit which has not yet been assigned to one of the 

digital signal processing means. or when the digital inputs from the communications 

source are active. 

16. A wideband basestation transceiver including: 

a wideband digital tuner t.hat provides a wideband digital signal at an output; 

a digital channelizer. connected to the wideband tuner. to produce a plurality of sampled 

channel signals, with each channel signal representing signal energy in one of a plura[i1y of radio 

frequency channels serviced by the basestation; 

a time division multiple-access. TDM, data bus; 

means for selectively connecting the digital samples of each channel sign.al. in mrn. to the 

TDM bus; 

basestation controller means. for controlling the means for selectiveiy connecting the 

digital samples of each channel signal to the TDM bus, by so connecting each channel signal in a 

predetermined timeslot. in a predetermined order; 

means. coupled to the TDM bus. for selecting the digital samples in a particular r.irneslot. 

and for generating a reconstructed channel signal thereby; 

means for allocating a demodulator to be coupled to the reconstructed channel signal 

when the associated radio frequency channel is active, the demodulator providing a demodulated 

channel signal: 

means for allocating a Tl line encoder to the demodulated channel signal. to format the 

demodulated channel signal for transmission over a Tl span line; 

means for coupling the Tl line to a mobile telephone switching office, MTSO. or mobile 

switching center. MSC, for further connection into the public switched telephone network. 

PSTN; and 
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A synchronization and clock generation circuit has the capability of selecting the 

number of time slots, as well as the bus frame rate, to be used on the TDM bus. The 

number of time slots and the bus frame rate depend upon, respectively, the number of the 

channel signals and the bandwidth of each of the chanriel signals provided by the 

channelizer. 
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D E S C R I P T I O N 

MULTI-RATE AND MULTIPLE-MODULATION FORMAT DATA RECEIVING APPARATUS AND 
METHOD OF DEINTERLEAVING DATA 

Technical Field 

The present invention relates to a data receiving 

apparatus and a method of deinterleaving data for 

reproducing data transmitted by a modulation mode at a 

10 frame speed (or transmission rate) and by an 

interleaving mode arbitrarily selected from 

predetermined modulation modes, frame speeds and 

interleaving modes. 

15 

Background Art 

Hitherto, NTT system and POCSAG system have been 

known as paging (wireless paging) systems, 

•rhe POCSAG system employs, for example, binary FSK 

(Frequency Shift Keying) method as a modulation mode and 

sets a frame speed to 512 bps (Bit/Second). When paging 

20 is performed, a paging service company transmits digital 

data, which has been FSK-modulated 1 to the called pager, 

at the rated frame speed. Thus 1 a service for 

communicating messages has been performed. 

Meanwhile, the progress of the mobile communication 

25 technique made recantly has resulted in the 

communication service charge being reduced. Thus, the 

mobile communication has been widely used in business, 

personal, and in particular, among the young, thus 

resulting in subscribers being increased. As a result, 
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addresses for the subscribers are in short and the 

traffic has been always congested. Thus, the 

conventional POCSAG system has encountered difficulty in 

providing service satisfactory for the subscribers. 

Since the paging service has been in a great demand 

and the serviceable menus have been increased recently, 

there arise a necessity of improving the paging system. 

As a result, employment "RCR S'J:D-43'' in future has been 

decided as the next standard system. 

10 The foregoing paging system (hereinafter called 

"STD-43") will briefly be described. The structure of 

data, which is employed in STD-43, is shown in FIG. 32. 

Referring to FIG. 32, symbol "'A" shows the structure of 

data which is transmitted at a period of one hour and 

15 "B" shows one cycle of the data structure "A'". Symbol 

"C" shows the structure of data in one frame of the 

cycle structure "B". Symbol "'D" shows the block 

structure of one frame. The data structure »A" is 

composed of 15 cycles respectively given numbers "No. 0" 

20 to "No. 14". 

The cycle structure "B" is composed of 128 frames 

respectively given numbers •No. 0" to "No. 127", which 

are transmitted at a period of four minutes. One frame 

has a data length of 1.875 seconds. Data in one frame 

25 of the frame structure cycle is sectioned into 8 section 

corresponding to the contents of data. 

The eight section of the data contents is, as 
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indicated in the data structure "C" and the block 

structure "D", composed of sync structure Dl composed of, 

when viewed from the leading end, synchronization l 

(Sl)Cl, frame information (Fl) C2 and synchronization 2 

5 (S2)C3 and arranged to be transmitted at 115 ms 

(milliseconds); and interleaved block structure D2 

composed of block information (El) C4, address field 

(AF)CS, vector field (VF)C6, message field [MF)C7 and 

idle blocks (IB)CB and arranged to be transmitted at a 

10 frame speed of 160 ms for each block so that 11 blocks 

are transmitted. 

In the synchronizing signal section D, the 

synchronization 1 (Sl)Cl is composed of 112-bit 2-level 

FM data (binary-FSK-modulated data, i.n detail) at 1600 

15 bps, the synchronization 1 (Sl)Cl containing frame 

pattern data including information of frame receiving 

timing, timing for receiving 1600 bps symbol data and 

the transmitted type selected from the fallowing four 

frame types/rates with which the interleaving block 

20 portion Dl is interleaved/transmitted: 

25 

1. 2-Level FM 1600bps (Binary FSK 

Modulation/1600 bps) 

2. 2-Level FM 3200bps (Binary FSK 

Modulation/3200 bps) 

3. 4-Level FM 3200bps (Quadruple FSK 

Modulation/3200 bps) 

4. 4-Level FM 6400bps (Quadruple FSK 
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Modulation/6400 bps) 

The frame information (Fl) C2 is composed of 32-bit 

2-level FM data at 1600 bps and includes data (four 

bits) of cycle number cf the cycle of the data structure 

5 "A" to which this frame belongs, data (7 bits) of the 

frame number of the cycle to which this frame belongs, 

and information of indication of plural transmitted 

operations and the number of the transmitted operations. 

The interleaved block structure D2 formed of the 

10 synchronization 2 (S2)C3 and the block information (Bl) 

C4 to the idle blocks (IB)C8 is data which is 

transmitted by means of the frame type specified by the 

synchronization l (Sl)Cl. The synchronization 2 (S2)C3 

is a block for supplying timing information to the 

15 interleaved block structure D2 transmitted by the 

modulation method and the frame speed specified by the 

synchronization l (Sl)Cl to enable the called pager to 

fetch the interleaved block structure D2. 

The block information (BI)C4 is data disposed in 

20 block fO of the interleaved block structure D2 and 

composed of one word. The block information (EI)C4 

includes block information 1 for storing information of 

the word number (2 bits) which is used as the start 

point of address field (AF)C5 and the end point of the 

25 present field, to be described later, the word (6 bits) 

which is used as the start point of vector field (VF)C6 

and the like, and block information items 2, 3 and 4 so 
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that ID of the simulcast system and 1 if the frame number 

i.s zero, information of the actual time, time zone and 

system message are stored. 

The address field (AF)C5 is a field for storing 

S address data of the called pager, the data to be stored 

being short address (32 bits) or long address (64 bits). 

The vector filed (VF)C6 and the address field 

(AF)C5 form a pair and the vector field (VF)C6 is a 

field for storing the word at which the own message data 

10 is started in a message field (MF)C7 to be described 

later, the word length cf own message data (hereinafter 

simply referred to message length) and information of 

the data format of the own message data. 

The message field (MF)C7 is a field for storing 

15 massage data corresponding to information specified by 

the vector field (VF)C6. The idle blocks (IB)CB is an 

unused block to which a pattern composed of "1" or "0" 

is set. 

The signal format shown in FIG. 32 is 1 in parallel. 1 

20 interleaved/transmitted in a time sequential manner in 

independent four phases "a", "b", "c" and ''d". '.['hat is, 

if STD-43 is employed, the paging service company uses 

any one of the above-mentioned four phases or two to 

four phases to enable data in one frame having different 

25 contents to be multiplexed so as to be transmitted 

simultaneously. 

In STD-43, the relationship between the phases of 
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the frame speeds is regulated as follows: 

1600 bps: any one of phases "a", "b" 1 "c" and "d" 

is used {multiplex degree: 1) 

3200 bps: a pair of phases "a• and •c• or a pair of 

5 "b" and "d" is used (multiplex degree: 2) 

6400 bps: all of the phases "a", "b", "c" and "d"' 

are used {multiplex degree: 4) 

The block structure of the interleaved block 

structure D2 will now be described. Referring to FIG. 

10 32, one block is structured such that the frame speed is 

160 ms. One block stores, in parallel, 8 rows (one row 

is called one word) for one phase, each row being 

composed of the following 32 bits: 

15 

Information (Information Bit): 21 bits 

Parity[Check Bit): 10 bits 

CK(Even-Number Parity Bit): 1 bit 

The number of bits of data in one block is 

different. depending upon the frame speed. The 

relationship between the frame speeds and the number of 

20 bits of data in one block is as follows: 

1600 bps: 1 phase X B words X 32 bits= 256 bits 

3200 bps: 2 phases X 8 words X 32 bits - 512 bits 

6400 bps: 4 phases X 8 words X 32 bits 1024 b.i.ts 

The structure of bit data in one block at each 

25 frame speed will now be described with reference to 

F1G. 33 to 35, FIG. 33 shows the structure of bit data 

in one block at the frame speed of 1600 bps, FIG. 34 
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shows the structure of bit data in one block at the 

frame speed of 3200 bps and FIG. 35 shows the structure 

of bit data in one block at the frame speed of 6400 bps. 

In the case where the interleaved block structure 

5 D2 is transmitted at 1600 bps, the structure of bit data 

in one block shown in FIG. 33 is employed. The 

transmitted order of bit data is, in a direction 

indicated by an arrow {-J shown in FIG. 33, as W(word)Oal, 

Wla1, W2a1, ... , W5a32, W6a32 and W7a32. 

10 In the case where transmitted at 3200 bps is 

pe.rformed, the structure of bit data in one block as 

shown in FIG. 34 is employed. The transmitted order of 

bit data is, in a direction indicated by an arrow 8 

shown in FIG. 34, as W0a1, WOcl, Wla1, ... , W6c32, W7a32 

15 and W7c32 (in the case of 2-level FM), as WOal and WOcl, 

Wlal and Wlcl, W2al and W2cl, ... ,W6a32 and W6c32, W7a32 

and W7c32 (in the case of 4-level FM). In the case 

where transmitted at 6400 bps i.s performed 1 the 

structure of bit data in one block as shown in FIG. 35 

20 is employed. The transmitted order of bit data is, in a 

direction indicated by an arrow B shown in FIG. 35, as 

WOal and WObl, WOcl and WOdl, Wlal and Wlbl, Wlcl and 

Wldl, ... , W6a32 and W6b32, W6c32 and W6d32, W7a32 and 

W7b32, W7c32 and W7d32 {in the case of 4-level FM). 

25 As described above, STD-43 involves the number of 

bits of data in one block which is received at each 

frame speed and the interleaving mode being different. 
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Also in the case of the frame speed of 3200 bps, the 

structure of bit data becomes different depending upon 

whether the modulation mode is 2-level FM or 4-level FM. 

When a paging service company employs paging system 

5 STD-43, one frame type is selected from four types of 

the frame types/rates in the synchronization l (Sl}Cl of 

the sync structure Dl. Thus, the number of bits of data 

in one frame which i.s transmitted to the called pager 

can arbitrarily be changed. 

10 Therefore, if the called pager uniformly receives, 

amplifies and digitizes data, which has been transmitted 

in the wireless manner, to simply convert 2-level FM 

serial data into parallel data as has been performed by 

the conventional POCSAG system, m,:laningless serial data 

15 is unintentionally transmitted. Thus, a data 

reproducing method adaptable to STD-43 and capable of 

rearranging bit data to correspond to the received frame 

type must be provided for the pager. 

The following methods of reproducing r·eceived data 

20 to be provided for the pager have been suggested: 

(1) A method in which plural types of hardware 

units (decoders) adaptable to the respective frame 

speeds and the multiplex degree are mounted on the 

pager; any one of the mounted hardware unit is selected 

25 so that data transmitted at any one of the frame speeds 

is received; and bit data of the interleaved block 

structure D2 of above data is reproduced in accordance 
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with the multiplex degree and by the selected 

deinterleaving circuit. 

(2) One type of hardware is mounted on a pager; and 

software for performing control to rearrange bit data in 

5 the interleaved block structure D2 in accordance with 

the frame type of the received data is installed so that 

received data is reproducing. 

In the case where method (1) is employed, the pager 

is provided with a plurality of S/P conversion circuits 

10 for converting the serial data to the parallel data in 

accordance with the frame type of received data; and a 

rearranging circuit for rearranging the parallel data in 

order to separate data into each phase. 

In the case where method (2) is employed, one S/P 

15 conversion circuit and the rearranging circuit are 

provided which are controlled by software. However, in 

the above-mentioned case (1), the number of hardware 

units which receive and reproduce data and which must be 

provided for. the pager increases. What is even worse, 

20 since the structure of each of the circuits has a 

complicated structure, the size of the reception 

processing circuit after it has been mounted cannot be 

reduced. In the case of (2), the software must perform 

a heavier task and therefore the structure of the system 

25 becomes too complicated. 

Disclosure of the Invention 

Accordingly, the present invention is achieved to 
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solve expected problems to arise for a pager for 

receiving and reproducing data when STD-43 standard is 

employed and, thus, it is an object of the present 

invention to provide a data receiving apparatus and a 

5 method of :reproducing received data which can keep the 

balance between hardware and software for use to receive 

and reproduce data and reduce the size of the hardware 

and the load which must be borne by the software. 

Another object of the present invention is to 

10 provide a data receiving apparatus and a method of 

reproducing received data capable of adapting the above

mentioned data transmission method, keeping the balance 

of load distributed to hardware and software, and 

reducing the size of the circuit and load, which must be 

15 borne by a CPU, 

20 

25 

In order to achieve the above-mentioned objects, 

according to the present invention, there is provided a 

data receiving apparatus comprising: 

receiving means for receiving data; 

plural reproducing means capable of reproducing 

received data having a format which can be recognized by 

said data :receiving apparatus; 

format data receiving means for receiving format 

data; and 

selection means for selecting one of said plural 

reproducing means in accordance with the format data 

received by said format data receiving means. 
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Therefore, the load distributed to the hardware and 

the software can be balanced so that the size of the 

circuit and the load of the CPU are reduced. 

'l'he format data denotes a frame speed and the 

5 reproducing means is selected in accordance with the 

received frame speed. The reproducing process rate of 

the reproducing means is controlled in accordance with 

the frame speed received by the format data receiving 

means. 

10 

15 

The format data denotes a modulation mode and the 

reproducing means is selected in accordance with the 

received modulation method. The received data is 

converted to parallel data in accordance with the 

modulation method. 

The format data denotes a frame speed and a 

modulation mode and the reproducing means is selected in 

accordance with the received frame speed and the 

modulation method. The reproducing process rate of the 

reproducing means is controlled in accordance with the 

20 frame speed received by the format data receiving :means. 

The received data is converted to parallel data in 

accordance with the modulation method. 

The data reproducing process rate of the 

reproducing means is controlled in accordance with a 

data interleaving mode. Received data is converted into 

parallel data in accordance with the data interleaving 

mode. 
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Si.nee the received data is converted into parallel 

data in accordance with the data interleaving mode, the 

load distributed to hardware and software can be 

balanced, and thus the size of the circuit and load, 

5 which must be borne by a CPU, can be reduced. 

Plural registers used for converting the received 

data into parallel data are provided. 

When parallel data is divided into predetermined 

units so as to be sequentially stored, stored parallel 

10 data are read sequentially in the storing order so as to 

be supplied to the selected reproducing means, and 

reproduced parallel data is stored in the storage 

position from which the same has been read, the 

operation required to transfer data in the data 

15 transmission process is performed by, for example, a DMA 

circuit in place of the CPU. Thus, the load of the CPU 

can furthermore be reduced. 

When data which is reproduced in one·oper.ation by 

the reproducing means selected by the selection means is 

20 stored in data storage means, when reproducing timing of 

the reproducing means selected by the selection means is 

detected, parallel data is sequentially transmitted from 

the data storage means to the reproducing means and 

simultaneously parallel data transmitted from the 

25 conversion means is sequentially stored by the data 

storage means, the operation required to transmit and 

receive data in the data transmitted process is 
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performed by, for example, a D.MA circuit in place of the 

CPU. Thus, the load of the CPU can furthermore be 

reduced. 

The format data received by the format data 

5 receiving means is stored until the format data is 

received next. 

An ID code of paging of the data receiving 

apparatus is stored 1 if the ID code is detected in 

reproduced data while continuing the reproducing 

10 operation of the reproducing means, the detected ID code 

and the stored ID code are compared with each other. If 

the ID codes do not coincide with each other, the 

reproducing operation of the reproducing means is 

interrupted. 

1.5 By providing an interface, the data receiving 

operation of the data receiving apparatus is controlled 

in accordance with control data supplied from a 

connected external device through the interface. 

Therefore, even if data which cannot be processed by 

20 only the data receiving apparatus, it can be processed 

under control of the connected external device. 

According to another aspect of the present 

invention, there is provided a method of deinterleaving 

data in which data received by plural rearranging 

25 circuits are reproduced into data comprising the 

following steps of: 

receiving format data; and 
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selecting one of said plural rearranging circuits 

in accordance with received format data. 

According to the above method, a rearranging 

circuit is selected from the plural rearranging 

5 circuits in accordance with information of the data 

format if information (synchronization l(Sl)Cl} of the 

data format is received. Thus, received data is 

reproduced by the selected rearranging circuit. 

Therefore, the load of the process distributed to 

10 the hardware and the software can be balanced. Thus, 

the size of the circuit and the load of the CPU can be 

reduced. 

Brief Description cf the Drawings 

FIG. 1 is a block diagram showing a circuit of a 

15 pager which is a first embodiment of a data receiving 

apparatus according to the present invention; 

20 

FIG. 2 is a circuit diagram showing an example of 

the internal structure of the received data buffer 

circuit 304 shown in FIG. 1; 

FIG. 3 shows the correspondence between input to 

registers 3042 (Ra to Rh) and output from latches 3043 

(La to Lh) with respect to 64-bit data supplied to the 

received data buffer circuit 304 shown in FIG. 2; 

FIG. 4 shows the correspondence between input to 

25 the registers 3042 (Ra to Rh) and output from the 

latches 3043 (La to Lh) with respect to the bit data 

(phase "a") in a range o: fer one block, thE=..1 frame type 
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of which is 1600 bps (2-level FM) and which is 

transmitted at a frame speed of 1600 bps as shown in 

FIG. 32 and received by the received data buffer circuit. 

304 shown in FIG. 2; 

5 FIG. 5 shows the correspondence between input to 

the registers 3042 (Ra to Rh) and output from the 

latches 3043 (La to Lh) with respect to the bit data (a 

pair of phases "a" and "c") in a range "al", which is 

transmitted at the first time, in the range a for one 

10 block, the frame type of which is 3200 bps (2-level FM) 

and which is transmitted at a frame speed of 3200 bps as 

shown in FIG. 34 and received by the received data 

buffer circuit 304 shown in FIG. 2; 

FIG. 6 shows the correspondence between input to 

15 the registers 3042 (Ra to Rh) and output from the 

latches 3043 (La to Lh) with respect to the bit data (a 

pair of phases "a" and "c") in a range "a 2" which is 

transmitted at the second time, in the range u for one 

block, the frame type of which is 3200 bps (2-level FM) 

20 and which is transmitted at a frame speed of 3200 bps as 

shewn in FIG. 34 and received by the received data 

buffer circuit 304 shown in FIG. 2; 

FIG. 7 shows the correspondence between input to 

the registers 3042 (Ra to Rh) and output from the 

25 latches 3043 (La to Lh} with respect to the bit data (a 

pair of phases "a" and "c") in a range "al", which is 

transmitted at the first time, in the range a for one 
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block, the frame type of which is 3200 bps {4-level FM) 

and which is transmitted at a frame speed of 3200 bps as 

shown in FIG. 34 and received by the received data 

buffer circuit 304 shown in FIG. 2; 

5 FIG. 8 shows the correspondence between input to 

the registers 3042 (Ra to Rh) and output from the 

latches 3043 (La to Lh) with respect to the bit data (a 

pair of phases "a" and "c") in a range "ci: 2", which is 

transmitted at the second time, in the range o: for one 

10 block, the frame type of which is 3200 bps (4-level FM) 

and which is transmitted at a frame speed of 3200 bps as 

shown in FIG. 34 and received by the received data 

buffer circuit 304 shown in FIG. 2; 

FIG. 9 shows the correspondence between input to 

15 the registers 3042 (Ra to Rh) and output from the 

latches 3043 (La to Lh) with respect to the bit data in 

a range "a l", which is transmitted at the first time, 

in the range a: for one block, the frame type of which 

is 6400 bps (4-level FM) and which is transmitted at a 

20 frame speed of 6400 bps as shown in FIG. 35 and received 

by the received data buffer circuit 304 shown in FIG. 2; 

FIG. 10 shows the correspondence between input to 

the registers 3042 (Ra to Rh) and output from the 

latches 3043 (La to Lh) with respect to the bit data in 

25 a range "a: 2", which is transmitted at the second time, 

in the range a for one block, the frame type of which 

is 6400 bps (4-level FM) and which is transmitted at 
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a frame speed of 6400 bps as shown .i.n FIG. 35 and 

received by the received data buffer circuit 304 shown 

in FIG. 2; 

FIG. 11 shows the correspondence between input to 

5 the registers 3042 (Ra to Rh) and output from the 

latches 3043 (La to Lh) with respect to the bit data in 

a range " a 3", which is transmitted at the third time, 

in the range a for one block, the frame type of which 

is 6400 bps (4-level FM) and which is transmitted at a 

10 frame speed of 6400 bps as shown in FIG. 35 and received 

by the received data buffer circuit 304 shown in FIG. 2; 

FIG. 12 shows the correspondence between input to 

the registers 3042 (Ra to Rh) and output from the 

latches 3043 (La to Lh) with respect to the bit data in 

15 a range "a 4", which is transmitted at the fourth time, 

in the range a for one block, the frame type of which 

20 

is 6400 bps (4-level F'M) and which is transmitted at a 

frame speed of 6400 bps as shown in FIG, 35 and received 

by the received data buffer circuit 304 shown in FIG. 2; 

FIG. 13 is a diagram showing an example of the 

structure of memory areas of the RAM 403 shown in 

FIG. 1; 

FIG. 14 is a block diagram showing an example of 

the structure of the deinterleaving circuit 5 shown in 

25 FIG. 1; 

FIG. 15 is a diagram showing a rearranging 

operation which is performed by a rearranging 
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circuit 502; 

FIG. 16 is a diagram showing the rearranging 

operation which is performed by a rearranging circuit 

503; 

FIG. 17 a diagram showing the rearranging operation 

which is performed by a rearranging circuit 504; 

FIG. 18 is a circuit diagram showing an example of 

the internal.structure of the address comparison circuit 

6 shown in FIG. 1; 

FIGS. 19A and 19B are a flow chart showing a data 

receiving operation which is performed by the pager 

according to the first embodiment of the present 

invention; 

FIG, 20 is a flow chart showing the data receiving 

15 operation which is performed by the pager according to 

the first embodiment of the present invention; 

FIGS. 21A and 21B are a flow chart showing the data 

receiving operation which is performed by the pager 

according to the first embodiment of the present 

20 inventioni 

FIG. 22 is a flow chart showing the data receiving 

operation which is performed by the pager according to 

the first embodiment of the present invention; 

FIG. 23 is a flow chart showing a reproducing 

25 operation which is performed by the deinterleaving 

circuit 5 of the pager according to the first embodiment 

of the present invention; 
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FIG, 24 is a block diagram showing a circuit of a 

pager according to a second embodiment of the data 

receiving apparatus according to the present invention; 

FIG. 25 is a diagram showing an example of the 

5 structure of memory areas in the Rl'u'IIJ: 404 shown in 

FIG, 24; 

FIGS. 26A and 26B are a flow chart showing a data 

receiving operation which is performed by the pager 

according to the second embodiment of the present 

10 invention; 

FIG. 27 is a flow chart showing the data receiving 

operation which is performed by the pager according to 

the second embodiment of the present invention; 

FIG. 28 is a flow chart showing the data receiving 

15 operation which is performed by the pager according t:o 

the second embodiment of the present invention; 

FIG. 29 is a flow chart showing the data receiving 

operation which is performed by the pager according to 

the second embodiment of the present invention; 

20 FIG. 30 is a timing chart showing a data 

transmitting and receiving operations which .i.s performed 

by a DMA circuit 11 when the data receiving operation is 

performed; 

FIG. 31 is a block diagram showing the structure of 

25 a circuit of a modification of the second embodiment of 

the present invention~ 

FIG. 32 is a diagram showing an example of the 
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structure of transmitted data which is employed by pager 

system "RCR STD-43"; 

FIG. 33 is a diagram showing the structure of one 

block of an interleaved block struc!:.ure D2 when the 

5 frame speed is 1600 bps (phase "a"); 

10 

FIG. 34 is a diagram showing the structure of one 

block of an interleaved block structure 02 when the 

frame speed is 3200 bps (a pair of phases "a" and "c"); 

and 

FIG. 35 is a diagram showing the structure of one 

block of the interleaved block structure D2 when the 

frame speed is 6400 bps. 

Best Mode of Carrying Out the Invention 

A preferred embodiment of a data receiving 

15 apparatus and a method of reproducing received data 

according to the present invention will now be described 

with reference to the accompanying drawings. Note that 

the embodiments employ the data structure C and block 

20 

structure D shown in FIG. 32. 

(First Embodiment) 

FIG. 1 is a block diagram showing the structures of 

circuits in a pager which is a first embodiment of a 

data receiving apparatus according to the present 

invention. The pager comprises an antenna 1, a receiver 

25 circuit 2, a decoder section 3, a control section 4, a 

deinterleaving circuit 5 1 an address comparison circuit 

6, a display unit 7 1 a notifying section 8 and a power 
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supply circuit 9. 

The antenna 1 receives data transmitted from a 

transmitting station of, for example, a pager service 

company in the format shown in FIG. 32 to supply the 

5 received data to the receiver circuit 2. 

The receiver circuit 2 is connected to the decoder 

section 3 and arranged to be operated in response to a 

control signal supplied from the decoder section 3 so as 

to demodulate and wave-detect the received data. The 

10 receiver circuit 2 fetches the synchronization 1 (Sl)Cl 

to select and output serial bit data in accordance with 

the 2-level FM or 4-level FM modulation method. That is, 

when the 2-level FM modulation is performed, only "d" is 

output. When 4-level FM modulation is performed, MSB 

15 signal of 4-level FM bit data is output to "d" and LSB 

signal is output to "e". 

Data included in the frame pattern data obtained by 

fetching the synchronization 1 (Sl)Cl and relating to 

the modulation method, is supplied to a level 

20 determining circuit 301 through the output "d", while 

data relating to the frame speed is supplied to a frame 

speed determining circuit 302. The decoder :section 3 

determines the frame pattern of the interleaved block 

structure D2 following the synchronization 2 (S2)C3 in 

25 response to a line selection signal "a" output from the 

level determining circuit 301, a shift clock signal "b" 

output from the frame speed determining circuit 302 and 
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a data trigger '"c" output from the timing control 

circuit 303. Moreover, the decoder section 3 converts 

the detected digital data into B-bit parallel data in 

accordance with the modulation method so as to supply 

5 the obtained 8-bit parallel data to a bus line "B". 

The decoder section 3 includes the level 

determining circuit 301 1 the frame speed determining 

circuit 302, a timing control circuit 303 and a received 

data buffer circuit 304. Each of the level determining 

10 circuit 301 and frame speed determining c.ircuit 302 has 

a buffer memory (not shown), The buffer memories store 

control data output from a CPU 401 of the control 

section 4 when initialization is performed, data 

included in the received frame type data which relates 

15 to the modulation method and data relating to the frame 

speed. Moreover, the buffer memories store control data 

output from the CPU 401 of the control section 4. 

The level determining circuit 301 receives serial 

bit data "d" (data of the synchronization l (Sl)Cl) 

20 output from the receiver circuit 2 to determine the 

modulation method of the received data so as to generate 

the line selection signal "a". 

The frame speed determining circuit 302 receives 

the serial data "d" (data of the synchronization l 

25 (Sl)Cl) output from the receiver circuit 2 so as to 

determine the frame type of the received data. 

Specifically, the frame speed determining circuit 302 
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determines the frame type among the following four 

types: 

1. 1600bps 2-Level FM (Binary FSK 

Modulation/1600 bps) 

2. 3200bps 2-Level. }'M (Binary FSK 

modulation/3200 bps) 

3. 3200bps 4-Level FM (Quadruple FSK 

modulation/3200 bps) 

4. 6400bps 4-Level FM (Quadruple FSK 

10 modulation/6400 bps) 

After the frame speed determining circuit 302 has 

determined the frame type, it generates the shift clock 

signal "b". 

The timing control circuit 303 has a buffer for 

15 temporarily storing timing control information obtained 

from the CPU 401 when the synchronizing signal portion 

Dl has been received. Thus, the timing control circuit 

303 controls bit-synchronization and the frame

synchronization of the decoder section 3 . .Moreover, the 

20 timing control circuit 303 generates the data trigger 

"c" for controlling an output timing of 8-bit parallel 

data from the received data buffer circuit 304. 

The received data buffer circuit 304 converts 

serial bit data (outputs "d• and "e") output from the 

25 receiver circuit 2 into 8-bit parallel data so as to 

output the 8-bit parallel data to the bus line "B". 'l'he 

received data buffer circuit 304 converts the above bit 
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data in unit of 64 bits in accordance with the line 

selection signal "a" output from the level determining 

circuit 301, the shift clock signal "b" output from the 

frame speed determining circuit 302 and the data trigger 

5 "c" output from the timing control circuit 303 so as to 

sequentially output 8-bit parallel data. 

The control section 4 includes a CPU 401, a ROM 402 

and a RAM 403 and controls the overall operation of the 

pager in accordance with a control program stored in the 

10 ROM 402. 

The CPU 401 has a buffer memory 4011 for 

temporarily storing the frame pattern data read from, 

for example, the synchronization l (Sl)Cl, a buffer 

memory 4012 for temporarily storing data (cycle number, 

15 frame number and number of plural output operations) 

read from the frame information (Fl)C2, a buffer memory 

4013 for storing block information (BI)C4 and data (the 

start word of the address field (AF)C4, vector field 

(VF)C5,and own message data in the message field (MF)C6, 

20 and the message length of own message data in the 

message field (MF)C6) read from the vector field (VF) CS, 

a buffer memory 4014 for storing reproduced data in unit 

of one block so as to correct errors and a clock 

generator 4015 for generating clocks for use to adjust 

25 the timing of the receiving process and the like. 

The CPU 401 controls circuit sections connected 

with each data by data and clocks contained in the above 
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one frame. 

The ROM 402 stores various programs for operating 

the CPU 401 and ID information for storing information 

of the frequency bands which must be received by the own 

5 pager, frame data and address data, which are ID codes 

of the own pager, and phase data indicating the phase in 

which the ID codes are stored. 

As shown in FIG. 13, the RAM 403 has a work area WA 

for use in an operation of the CPU 401, a data reading 

10 memory area RDA for use in reproducing the received data 

and a memory area ¥MA for use in a process for st.or ing 

the received message data. 

The memory area RDA is a memory area for 

temporarily storing 8-bit parallel data output f:rom the 

15 decoder section 3 before it has been output to a 

deinterleaving circuit 5 to be described later. When 

the output timing to the deinterleaving circuit 5 has 

been detected under control of the CPU 401, the number 

of bits of data (16 bits if the frame speed is 3200 bps 

20 and 32 bits if the frame speed is 6400 bps) which can be 

reproduced is sequentially output to the deinterleaving 

circuit 5. 

The deinterleaving circuit 5, for each phase, 

reproduces 16-bit data of 3200 bps (2-level FM), 16-bit 

25 data of 3200 bps (4-level FM) and 32-bit data of 

6400 bps {4-level FM) in accordance with the 

corresponding frame pattern so as to output reproduced 
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data to the bus line "B". 

The address comparison circuit 6 operates in 

accordance with the data trigger "c" output from the 

timing control circuit 303 and which compares and 

5 collates whether address data, which is included in the 

reproduced address field (AF)CS, coincides with address 

data of the cwn pager. 

The display unit 7 is a circuit section formed by, 

for example, a liquid crystal panel, a display buffer or 

10 a driver so as to display information, such as a message, 

on a liquid crystal panel. 

The notifying section 8 is composed of notifying 

means including, for example, an LED (Light Emission 

Diode) which is turned on or allowed to flicker to 

15 notify the receipt of message, a speaker which produces 

sound for notifying the same, a vibrator which is 

vibrated to notify the same. 

The power supply circuit 9 supplies electric power 

to the overall circuits of the pager when a power switch 

20 (not shown) is switched on. 

The decoder section 3 will now be described in 

detail. FIG. 2 is a circuit diagram showing the 

internal structure of the received data buffer circuit 

304 in the decoder section 3. The received data buffer 

25 circuit 304 shown in FIG. 2 has eight registers 3042 

consisting of registers Ra to Rh for, in unit of 8-bit 

from BO to B7, sequentially storing serial bit data 
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output from the receiver circuit 2 through the outputs 

"d" and "e~; eight latches 3043 consisting of La to Lh 

respectively corresponding to the foregoing registers 

3042; and a line selection circuit 3044. 

5 A principle of the operation of the decoder section 

3 to convert serial bit data to 64-hit data in 8-bit 

parallel will now be described. FIG. 3 shows 

correspondence between the inputs to the registers 3042 

(Ra to Rh) and the outputs from the latches 3043 (La to 

10 Lh) with respect to the 64-bit data input to the 

received data buffer circuit 304 in one input operation. 

As can be understood from table shown in FIG. 3, 

serial bit data supplied to 87 of the register Rh of the 

registers 3042 shown in FIG. 2 is, as 8-bit parallel 

15 data, output to D7 of the latch Lh of the latches 3043. 

Serial bit data supplied to B4 of the register Rd of the 

registers 3042 is, as B-bit parallel data, output to D3 

of the latch Le of the latches 3043. 

FIGS. 4 to 12 show correspondence between the 

20 inputs to the registers 3042 (Ra to Rh) and the outputs 

from the latches 3043 (La to Lh) with respect to bit 

data in a range a among bit data in one block shown in 

FIGS. 32 to 35 in cases of frame types/rates 1600 bps 

(2-level FM: when phase "a" has been received) 1 3200 bps 

25 (2-level FM: when the pair of phases "a" and "c" has 

been received), 3200 bps (4-level FM: when the pair 

of phases "a" and "c" has been received) and 6400 bps 
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(4-level ). 

In the received data buffer circuit 304, the shift 

clock signal "b" output from the frame speed determining 

circuit 302 is supplied to each of the registers 3042, 

5 while the line selection signal "a" output from the 

level determining circuit 301 is supplied to the 

received data buffer circuit 304. The data trigger "c" 

output from the timing control circuit 303 is supplied 

to each of the latches 3043. 

10 When 2-level FM bit data has been output from the 

receiver circuit 2, the registers 3042 (Ra to Rh), which 

are input registers, fetch 64-bit data through the 

output "d". When 4-level FM bit data has been output 

from the receiver circuit 2, the registers 3042 fetch 

15 MSB (upper bi.ts) of 64-bit data through the output "d" 

and LSB {lower bits) through the output "e". 

Thus-fetched bit data is controlled by the line 

selection signal "a" output fiom the level determining 

circuit 301, the shift clock signal ''b" output from the 

20 frame speed determining circuit 302 and the data trigger 

"c" output from the timing control circuit 303 as 

follows so that bit data is output as 8-bit parallel 

data corresponding to the respective frame types/rates. 

1. In a case where the frame type is 1600 bps 

25 (2-level FM: when phase "a" has been received"): 

When bit data, the frame type of which is 1600 bps 

(2-level FM), has been fetched, the bit data 
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sequentially output from the receiver circuit 2 through 

the output "d" as W(word)Oal, Wlal, W2al, W3al, ... , in 

a direction indicated by an arrow /3 shown in FIG. 33 is, 

as shown in FIG. 4, :fetched by BO of the register 3042 

5 (Ra) to B7 of the register 3042 (Rh) in the vertical 

directional order as W(word)Oal, Wlal, W2al, W3al, ... , 

W5a8, W6a8 and W7a8. When the data trigger "c" has been 

supplied, 64 bits are, in unit of 8-bit 1 output to the 

bus line B through DO to D7 of the latches 3043 (La to 

10 Lh). 

Since 8-bit parallel data of this frame type has 

been received in a single phase, the process for 

reproducing data is completed at this time. Thus, data 

is, as it is, output to the buffer memory 4014 through 

15 the bus line "B". Then, the CPU 401 performs an error 

correction process. 

Moreover, since 8 bits X 8 columns, that is 1 

8-byte data, output from the received data buffer 

circuit 304 in one output operation uses only one phase, 

20 bit data in one block is converted into 8-bit parallel 

data for one block: by performing the foregoing operation 

four times for each 64 bits in the case shown in FIG. 32. 

2. In a case where the frame type is 3200 bps 

(2-level FM: when the pair of phases "a" and "c" has 

25 been received): 

In the case where the frame type is 3200 bps 

(2-level FM), bit data in the phases "a" and •c• is 
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multiplexed and fetched. Therefore, paralleled data is 

allowed to pass through the RDA of the RAM 403, and then 

subjected to the so-called data reproducing process in 

the deinterleaving circuit 5 so that the received data 

5 is separated for each phase. Then, reproduced data is, 

through the bus line "B", stored i.n the buffer memory 

4014, and then subjected to the error correction process 

in the CPU 401. 

As for a portion in the range a which is indicated 

10 by al, bit data sequentially output from the receiver 

circuit 2 through the output "d" as WOal, WOcl, 

15 

20 

Wlal, ... , in a direction indicated by an arrow B shown 

in FIG. 34 is, as shown in FIG. 5, fetched by BO of the 

register 3042 (Ra) to B7 of the register 3042 (Rh) in 

the vertical directional order as WOal, WOcl, Wlal, .. .. ~ t 

W6c4, W7a4 and W7c4. When the data trigger. '"c" has been 

supplied, 64 bits are, in unit of 8-bit, output to the 

bus line "B" through DO to D7 of the latches 3043 (La 

to Lh). 

As for a portion in the range a which is indicated 

by a: 2, bit data sequentially output from the receiver 

circuit 2 through the output "d" as WOa5, W0c5, 

WlaS, ... , in a direction indicated by an arrow B shown 

in FIG. 34 is, as shown in FIG. 6, fetched by BO of the 

25 register 3042 (Ra) to 87 of the register 3042 (Rh) in 

the vertical directional order as WOaS, WOcS 1 Wla5 1 " o • I 

W6cB, W7a8 and W7c8. When the data trigger "c" has been 
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supplied 1 64 bits are, in unit of 8-bit, output to the 

bus line "B" through DO to D7 of the latches 3043 (La 

to Lh). 

3. In a case where the frame type is 3200 bps 

5 (4-level FM: when the pair of phases "a" and "c" has 

been received): 

In the case where the frame type is 3200 bps 

(4-level FM), bit data in the phases "a" and "c" is 

multiplexed and fetched. Therefore, paralleled data is 

10 allowed to pass through the RDA of the RAM 403, and then 

subjected to the so-called data reproducing process in 

the deinterleaving circuit 5 so that received data is 

separated for each phase. Then, reproduced data is, 

through the bus line "B", stored in the buffer memory 

15 4014, and then subjected to the error correction process 

in the CPU 401, 

In this case, each one bit included in the phase 

"a" and the phase "c" i:s taken so that 2 bits (one 

symbol) are obtained. Therefore, serial bit data is 

20 supplied in such a manner that one bit data in the phase 

·a• and that in the phase "c", respectively are, as MSB 

and LSB, supplied in parallel to the received data 

buffer circuit 304 through the outputs d and e of the 

receiver circuit 2. 

25 Therefore, data in the LSB of one symbo1 data is 

stored in the front portion from Ra to Rd of the 

registers 3042, while data in the MSB of the same is 
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stored in the rear portion from Re to Rh. 

As for a portion in the range a which is indicated 

by al, bit data in the MSB sequentially output from the 

receiver circuit 2 through the output "d" as WOal, Wlal, 

5 W2al, ... , in a direction indicated by an arrow B shown 

in FIG.34 is, as shown in FIG. 7, fetched by BO of the 

register 3042 (Re) to B7 of the register 3042 (Rh) in 

the vertical directional order as WOal, Wlal, W2al, ... , 

W5a4, W6a4 and W7a4. When the data trigger "c" has been 

10 supplied, 32 bits are, in unit of 4-bit, output to the 

bus line "B'" through 04 to D7 of the latches 3043 {La 

to Lh). 

Simultaneously, bit data in the LSB sequentially 

output from the receiver circuit 2 through the output 

15 "e" as WOcl, Wlcl, W2c1, ... , in a direction indicated 

by an arrow B shown in FIG. 34 is, as shown in FIG. 7, 

fetched by BO of. the register 3042 (Ra) to B7 of the 

register 3042 (Rd) in the vertical directional order as 

WOcl, Wlcl, W2cl, .. , , W5c4, W6c4 and W7c4. When the 

20 data trigger "c" has been supplied, 32 bits are, in unit 

of 4-bit, output to the bus line "B" through DO to 03 of 

the latches 3043 (La to Lh). 

As for a portion in the range a which is indicated 

by~ 2, bit data in the MSB sequentially output from the 

25 receiver circuit 2 through the output "d" as W0a5, W0c5, 

Wla5, , ... , in a direction indicated by an arrow B 

shown in FIG.34 is, as shown in FIG. 8, fetched by BO of 
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the register 3042 (Re) to B7 of the register 3042 {Rh) 

in the vertical directional order as WOaS, W1a5, 

W2a5, ... , W5a8, W6a8 and W7a8. When the data trigger 

"c" has been supplied, 32 bits are, in unit of 4-bit, 

5 output to the bus line "B'' through D4 to D7 of the 

latches 3043 (La to Lh). 

Simultaneously, bit data in the LSB sequentially 

output from the receiver circuit 2 through the output 

•e• as WOcS, Wlc5, W2c5, ... , in a direction indicated 

10 by an arrow~ shown in FIG. 34 is, as shown in FIG. 8, 

fetched by BO of the register 3042 (Ra) to B7 of the 

register 3042 (Rd) in the vertical directional order as 

woes, Wlc5, W2c5, ... , W5c8, W6c8 and w7c8. When the 

data trigger "c" has been supplied, 32 bits are, in unit 

15 of 4-bit, output to the bus line "B" through DO to D3 of 

the latches 3043 (La to Lh). 

Since data of 8 bits X 8 columns, that is, 8-byte 

data, which is output from the received data buffer 

circuit 304 in one output operation uses the phases "a" 

20 and "c", bit data for one block is converted into 8-bit 

parallel data for one block by performing the foregoing 

operations by eight times for each 64-bit data as shown 

in FIG. 34. 

4. In a case where the frame type is 6400 bps 

25 (4-level FM): 

In the case where the frame type is 6400 bps 

( 4-level FM), all of the phase "a", phase "b", phase "c" 
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and phase "d" are multiplexed and fetched. Therefore, 

paralleled data is allowed to pass through the RDA of 

the RAM 403, and then subjected to the so-called data 

reproducing process in the deinterleaving circuit 5 so 

5 that received data is separated for each phase. Then, 

reproduced data is, through the bus line •e•, stored in 

the buffer memory 4014, and then subjected to the error 

correction process in the CPU 401. 

In the case of 6400 bps (4-level FM), each one bit 

10 included in the phase "a" and the phase "b" is taken so 

that 2 bits (one symbol) are obtained. Moreover:, each 

one bit included in the phase "c" and the phase "d" is 

taken so that 2 bits (one symbol) are obtained. 

Therefore, serial bit data is supplied in such a manner 

15 that one bit data in the phase "a" and that in the phase 

"c", are, MSB, and that in the phase "b" and that in the 

phase "d" are, as LSB I supplied through the outputs "d ·• 

and "e" of the receiver circuit 2. 

'l'herefore, data in the LSB of one symbol data is 

20 stored i.n the front portion from Ra to Rd of the 

registers 3042, while data in the MSB of the same is 

stored in the rear portion from Re to Rh. 

As for a portion in the range o which is indicated 

by a 1, bit data in the MSB sequentially output from the 

25 receiver circuit 2 through the output "d" as WO al, WOc 1 1 

Wlal 1 ••• , in a direction indicated by an arrow {:3 shown 

in FIG. 35, is 1 as shown in FIG. 9, fetched by BO of 
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the register 3042 (Re) to B7 of the regis~er 3042 (Rh) 

in the vertical directional order as WOal, WOcl, 

Wlal, ... , W6c2 1 W7a2 and W7c2. When the data trigger 

•c" has been supplied, 32 bits are, in unit of 4-bit, 

5 output to the bus line "B" through D4 to D7 of the 

latches 3043 (La to Lh). 

Simultaneously, bit data in the LSB sequentially 

output from the receiver circuit 2 through the output 

"e" as WObl, WOdl, Wlbl, ... , in a direction indicated 

10 by an arrow B shown in FIG. 35 is fetched by BO of the 

register 3042 (Ra) to B7 of the register 3042 (Rd) in 

the vertical directional order as WObl, WOdl, Wlbl, ... , 

W6d2, W7b2 and W7d2. When the data trigger "c" has been 

supplied, 32 bits are, in unit of 4-bit, output to the 

15 bus line "B" through DO to D3 of the latches 3043 (La 

to Lhi. 

As for a portion in the range a which is indicated 

by a 2, bit data in the MSB sequentially output from the 

receiver circuit 2 through the output "d" as W0a3, W0c3, 

20 Wla3, , .. , in a direction indicated by an arrow {3 shown 

in FIG .. 35, is, as shown in FIG. 10, fetched by BO of 

the register 3042 (Re) to B7 of the register 3042 (Rh) 

in the vertical directional order as W0a3, WOcJ, 

Wla3, ... , W6c4, W7a4 and W7c4. When the data trigger 

25 "c" has been supplied, 32 bits are, in unit of 4-bit, 

output to the bus line ·e· through D4 to D7 of the 

latches 3043 [La to Lh). 
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Simultaneously, bit data in the LSB sequentially 

output from the receiver circuit 2 through the output 

•e• as W0b3, W0d3, Wlb3, ... , in a direction indicated 

by an arrow fJ shown in FIG. 35 is fetched by BO of the 

5 register 3042 (Ra) to B? of the register 3042 (Rd) in 

the vertical directional order as WOb3 1 WOdJ, Wlb3, ... , 

W6d4, W7b4 and W7d4. When the data trigger "c" has been 

supplied, 32 bits are, in unit of 4-bit, output to the 

bus line "B '' through DO to D3 of the latches 3043 ( La 

10 to Lh}. 

As for a portion in the range a which is indicated 

by a 3 1 bit data in the MSB sequentially output from the 

receiver circuit 2 through the output "d" as W0a5, WOc5, 

Wla5, ... , in a direction indicated by an arrow B shown 

15 in FIG. 35, is, as shown in FIG. 11, fetched by BO of 

the register 3042 (Re) to 87 of the register 3042 (Rh) 

in the vertical directional order: as WOa5, W0c5, 

Wla5, ... , W6c6, W7a6 and W7ct. When the data trigger 

"c" has been supplied, 32 bits are, in unit of 4-bit, 

20 output to the bus line "B" through D4 to D7 of the 

latches 3043 (La to Lh). 

Simultaneously, bit data in the LSB sequentially 

output from the receiver circuit 2 through the output 

"e" as W0b5, WOd5, Wlb5, ... , in a direction indicated 

25 by an arrow~ shown in FIG. 35 is fetched by BO of the 

register 3042 (Ra) to B? of the register 3042 (Rd) in 

the vertical directional order as WObS, WOd.5, Wlb5, ... , 
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W6d6, W7b6 and W7d6. When the data trigger •c» has been 

supplied, 32 bits are, in unit of 4-bit, output to the 

bus line "B" through DO to D3 of the latches 3043 (La 

to Lh). 

5 As for a portion in the range a which is indicated 

by a 4, bit data in the MSB sequentially output from the 

receiver circuit 2 through the output "d" as WOa7, W0c7, 

Wla7, ... , in a direction indicated by an arrow B shown 

in FIG. 35, is, as shown in FIG. 12, fetched by BO of 

10 the register 3042 {Re) to B7 of the register 3042 (Rh) 

in the vertical directional order as W0a5, woes, 

Wla5, ... , W6c6, W7a6 and W7c6. When the data trigger 

"c" has been supplied, 32 bits are, in unit of 4-bit, 

output to the bus line ·e• through • 4 to D7 of the 

15 latches 3043 {La to Lh). 

Simultaneously, bit data in the LSB sequentially 

output from the receiver circuit 2 through the output 

"e" as W0b7, W0d7, Wlb7, ... , in a direction indicated 

by an arrow B shown in FIG. 35 is fetched by BO cf the 

20 register 3042 (Ra) to 87 of the register 3042 (Rd) in 

the vertical directional order as WOb7, WOd7, Wlb7, ... , 

W6dB, W7bB and W7d8. When the data trigger "c" has been 

supplied, 32 bits are, in unit of 4-bit, output to the 

bus line "B" through DO to D3 of the latches 3043 (La 

25 to Lh). 

Since data cf 8 bits X 8 columns I that is, 8-byte 

data, which is output from the received data buffer 
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circuit 304 in one output operation uses all of the 

phases "a", "b", "c" and "d", bit data for one block is 

converted into 8-bit parallel data for one block by 

performing the foregoing operation by 16 times for each 

5 64 bits as shown in FIG. 32. 

The deinterleaving circuit 5 will now be described. 

The deinterleaving circuit 5 is separately provided from 

the decoder section 3 and controlled by the CPU 401 to 

reproduce the received interleaved block structure 02 in 

10 accordance with the received frame type so as to output 

the reproduced interleaved block structure D2 to the 

buffer memory 4014. 

FIG. 14 is a block diagram showing an example of 

the structure of the deinterleaving circuit 5. The 

15 deinterleaving circuit 5 shown in FIG. 14 comprises 

shift registers 501A, 501B, 501C and 501D, rearranging 

circuits 502, 503 and 504 and a selector circuit 505. 

Each of the shift registers 501A, 501B, 501C and 

501D has a memory, the capacity of which is B bits, and 

20 receives data from the selector circuit 505 in unit of 

8-bit. The shift registers 501A and 5018 have output 

terminals connected to addresses D and l of the 

rearranging circuit 502 and to addresses 4 and 5 of the 

rearranging circuit 504. The shift registers 501C and 

25 501D have output terminals connected to addresses 2 and 

3 of the rearranging circuit 503 and to addresses 6 and 

7 of the rearranging circuit 504. 
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The selector circuit 505 has an output terminal 

connected to the shift registers 501A, 501B, 501C and 

5010 and arranged to determine a rearranging circuit by 

selecting the address, to which data is input, the 

5 selection being performed under control of the CPU 401. 

The selector circuit 505 output data supplied from the 

RDA to each shift register corresponding to th€~ output 

of the rearranging circuit. 

The rearranging circuit 502 treats data, the frame 

10 type of which is 3200 bps (2-level FM), such that it 

fetches 1-byte data from each of the shift registers 

501A and 501B to rearrange 2-byte data. 'I'hen, the 

rearranging circuit 502 sequentially output, to the bus 

line "B", reproduced data in unit of 1-byte, that is, in 

15 unit of 8-bit, in the total sum of 2 bytes. 

The rearranging circuit 503 treats data, the frame 

type of which is 3200 bps (4-level FM), such that it 

fetches I-byte data from each of the shift registers 

501C and 501D to rearrange 2-byte data. Then, the 

20 rearranging circuit 503 sequentially output, to the bus 

line "B", two type data in unit of I-byte, that is, in 

unit of 8-bit. 

The rearranging circuit 504 treats data, the frame 

type of which is 6400 bps (4-level FM), such that it 

25 fetches 1-byte data from each of the shift registers 

501A, 501B, 501C and 501D to rearrange 4-byte data to 

sequentially output 4-byte reproduced data in unit of 

DEF0000621 

IPR2020-00033 Page 01967



W097114828 PCT/JP96/03755 

40 

1-byte, that is, in unit of 8-bit, to the bus line "B". 

The operation of the deinterleaving circuit 5 will 

now be described. FIGS. 15 to 17 are diagrams 

respectively showing the rearranging operations of the 

5 rearranging circuits 502, 503 and 504 provided to 

correspond to the frame types/rates. Referring to 

FIGS. 15 to 17, a portion of 8-bit data RD, stored in 

the shift registers 501A to 501D so as to be rearranged 

and output, which corresponds to four bits including DO 

10 to D3 of the input data WR is referred to LSB, while a 

portion corresponding to four bits including D4 to D7 is 

referred to MSB. 

1. In the case of 3200 bps {2-level FM): 

As shown in r'IG. 15 1 the rear.ranging circui.t 502 is 

15 supplied with 8-bit data (DO to D7) stored in the shift 

register 501A and B-bit data (DO to D7) stored in the 

shift register 501B by two supplying operations. Then, 

the rearranging operation is performed such that four 

odd-order bits (00 1 D2, D4 and D6) of 8-bit data 

20 supplied to address l are rearranged to LSB of address 1 

and four even-order bits (Dl, DJ, D5 and D7} are 

rearranged to LSB of address O so as to be reproduced 

and output to the bus line "B". 

On the other hand, four odd-order bits (DO, D2, D4 

25 and D6) of 8-bit data supplied to address Oare 

rearranged to MSB of address O and four even-order bit~ 

(Dl, 03, D5 and 07) are rearranged to MSB of address l 
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so as to be reproducing and output to the bus line "B". 

As described above, the rearranging circuit 502 is 

able to reproduce 16-bit (8 bits X 2) data. 

2, In the case of 3200 bps (4-level FM): 

As shown in FIG. 16, the rearranging circuit 503 is 

supplied with 8-bit data (DO to D7) stored in the shift 

register 501C and 8-bit data (DO to D7) stored in the 

shift register 501D by two supplying operations. Then, 

the rearranging operation is performed such that MSB (D4r 

10 D5r D6 and D7) of 8-bit data supplied to address 2 are 

rearranged to MSB of address 2 and LSB (DO, Dl, D2 and 

DJ) are rearranged to MSB of address 3 so as to be 

reproduced and output to the bus line "B". 

On the other hand, MSB (D4, D5, D6 and D7) of 8-bit 

15 data supplied to address 3 are rearranged to LSB of 

address 2 and LSB (DO, Dlr D2 and D3) are rearranged to 

LSE of address 3 so as to be reproduced and output to 

the bus line "B". 

20 

3. In the case of 6400 bps (4-level FM): 

Addresses 4, 5, 6 and 7 of the rearranging circuit 

504 are, as shown in FIG. 17, supplied with B-bit data 

(DO to 07) respectively stored in the shift registers 

501A to 501D in four supplying operations, When the 

rearranging operation is performed, D5 and D7 in the MSB 

25 portion are fetched from input 8-bit data in each of 

addresses 4f 5, 6 and 7. Then, each of 2-bit data is 

assigned from LSB portion of address 4 which is output 
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to the bus line •e• so that 8-bit data at address 4 is 

formed. 

Similarly, D4 and D6 in the MSB portion are fetched 

from input 8-bit data in each of addresses 4, 5, 6 and 7. 

5 Then, each of 2-bit data is assigned from LSB portion of 

address: 5 which is output to the bus line "B" so that 

8-bit data at address 5 is formed, 

Similarly, D3 and Dl in the LSB portion are fetched 

from input B-bit data in each of addresses 4 1 5, 6 and 7, 

10 Then, each of 2-bit data is assigned from LSB portion of 

address 6 which is output to the bus line "B" so that 

8-bit data at address 6 is formed, 

Similarly, D2 and DO in the LSB portion are fetched 

from input 8-bit data in each of addresses 4, 5, 6 and 7. 

15 Then, each of 2-bit data is assigned from LSB portion of 

address 7 which is output to the bus line "B" so that 

8-bit data at address 7 is formed. 

As described above, the rearranging circuit 504 

is able to reproduce 6400 bps (4-level FM) 32-bit 

20 (8 bits X 4) of 8-bit parallel data. 

The address comparison circuit 6 will now be 

described. FIG. 18 is a circuit diagram showing an 

example of the internal structure of the address 

comparison circuit 6. The address comparison circuit 6 

25 has, for example, an address register 601 for previously 

storing the own address data (21 bits), a comparison 

circuit 602 for comparing received/reproduced address 
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data with address data which is stored in the address 

register 601 and a shift register 603 for outputting, to 

the bus line "B", an 8-bit coincidence signal "f", which 

is a result of the comparison performed by the 

5 comparison circuit 602. 

The operation will now be described. The address 

field (AF)C5 of data reproduced by the deinterleaving 

circuit 5 has formatted address data which must be 

compared and collated with address data previously 

10 stored in the own pager. 

When the comparison circuit 602 has 1 in unit of 

8-bit, fetched data (data structure in the reproduced 

address field (AF)CS) supplied from the bus line •e• and 

which is a subject of comparison, the comparison circuit 

15 602 compares the fetched data and address data supplied 

from the address register 601 (by using, for example, an 

EXOR circuit). By totaling the result of the comparison 

of each bit, a final result of the comparison is 

obtained (by using, for example, a NOR circuit). The 

20 result of the comparison is output to the shift register 

603. The shift register 603 sequentially fetches the 

results of the comparison from the comparison circuit 

602 so that the 8-bit coincidence signal "f" denoting 

the comparison result of the 8-byte address is output. 

25 The overall operation of the circuit for receiving 

and reproducing data according to the first embodiment 

will now be described. FIGS. 19 to 22 are flow charts 
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of the main operation of the pager. FIG. 23 is a flow 

chart of the operation of the deinterleaving circuit 5. 

The main operation of the pager will now be 

described. FIGS. 19 to 22 are flow charts of the 

5 operations of the CPU 401 and the decoder section 3 to 

be performed from a moment at which the power source of 

the pager has been turned on to a moment of completion 

of an operation for receiving data for one frame wherein 

the operations of the CPU 401 and the decoder section 3 

10 are linked to each other. Note that the operation of 

the decoder section 3 is described as step R ... and that 

of the CPU 401 is described as step C .... 

When a predetermined number of bit data has been 

stored in the RDA of the RA.i"'! 403 1 which can be 

15 reproduced by the deinterleaving circuit 5 and CPU 401 

has detected the timing at which the deinterleaving 

circuit 5 can perform a reproducing process, the CPU 401 

always output data to the deinterleaving circuit 5 

through the bus line "B". The CPU 401 fetches data from 

20 the decoder section 3 to write this data to the RDA and 

performs an operation for correcting an error of data 

one preceding block stored in the buffer memory 4014 so 

as to read the contents. 

Therefore, if address data included in the received 

25 address field (AF)CS has been determined to be non

coincidence on the basis of the coincidence signal 

supplied from the address comparison circuit 6 1 control 
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is performed such that the operations of the decoder 

section 3 and the receiver circuit 2 are interrupted. 

Referring to FIGS. 19 to 22, data receiving and 

reproducing processes will now be described. When the 

5 CPU 401 has detected at step Cl that the electric power 

has been supplied by the operation of a power supply 

switch (not shown), the CPU 401 allows electric power to 

be supplied to the respective circuit sections connected 

to the CPU 401 and initializes the sections. At this 

10 time, also the operation of the decoder section 3 is 

started when the initializing operation has been 

performed so that control data for controlling the 

received data buffer circuit 304 corresponding to each 

frame pattern is set to the frame speed determining 

15 circuit. 302 and the level determining circuit 301. Then, 

the decoder section 3 is brought into a standby state at 

the frequency band and the phase set by ID-ROM (steps Rl 

and R2). In this standby state, the CPU 401 starts an 

internal timer {not shown) to perform intermittent 

20 reception in a period from 1.875 seconds (one frame) to 

10 seconds at intervals of 30 seconds for two minutes 

until synchronization is detected when the 

synchronization 1 (Sl)Cl of the synchronizing signal 

portion Dl is received (step CJ). Then, synchronization 

25 detection is performed by receiving the synchronization 

1 (Sl)Cl until a predetermined time has been elapsed 

(steps C4 and C6). 
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If synchronization has been detected, the operation 

proceeds to step CS so that the timer is reset, and 

frame pattern data set by the synchronization 1 (Sl)Cl 

is stored in the buffer memory 4011. If no 

5 synchronization is detected in two minutes and the lapse 

of the predetermined time has been confirmed, the pager 

is moving or stays in an area outside the service zone. 

Therefore, the operation proceeds to step C7 in which 

the fact that the pager exists outside the service zone 

10 is displayed on display unit 7. Moreover, an out-of

zone notification interruption signal for interrupting 

out-of-zone notification, which is output by the 

notifying portion 8 when the pager exists outside the 

zone, is output. 

15 When the decoder section 3 has received the 

synchronization l (Sl)Cl, the decoder section 3 fetches 

it and causes the level determining circuit 301 to store 

data included in frame pattern data set by the 

synchronization 1 (Sl)Cl and relating to the modulation 

20 method (step R3). Moreover, the decoder section 3 

causes the frame speed determining circuit 302 ta store 

data included in the frame pattern data set by the 

synchronization l (Sl)Cl and relating to the frame speed 

(step R4). The received frame pattern data is also 

25 output to the CPU 401. 

The decoder section 3 continues the intermittent 

reception at steps R2, RJ and R6 until the out-of-zone 
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notification interruption signal is received by the CPU 

401 at step C7. When the out-of-zone notification 

interruption signal has been received, the operation 

proceeds to step R7 in which the operation of the 

5 receiver circuit 2 is interrupted. 

After step R4 has been performed, the decoder 

section 3 receives frame information (Fl)C2 at step RS, 

and then output, to the CPU 401, the received cycle 

number, the received frame number and this timing 

10 information for obtaining the own frame from the frame 

information (Fl)C2. The CPU 401, at step C8 1 recognizes 

the position of the own frame in accordance with the 

frame information 42B (FI) and timing information 

supplied from the decoder section 3 to interrupt 

15 operation of the receiver circuit 2 to the timing for 

the own frame comes. The process at step CB is 

continued to the timing for the frame precedes to the 

own frame by one ( step C9). The control cf interrupting 

the operation of the receiver circuit 2 is pEirformed by 

20 the decoder section 3 under control of the CPU 401 (step 

R8). The process at step R8 is repeatedly performed 

until a re-drive signal is input (step R9). 

If the frame ti.ming 1 which i.s preceding to the own 

frame by one, is detected at step C9, the CPU 401 

25 re-drives the decoder section 3 at step ClO. When the 

decoder section 3 is instructed to re-drive from the 

CPU 401 (step R9), it re-drives the decoder section 3 
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(step RlO) in which the decoder section 3 waits for 

input of a re-drive control signal for the receiver 

c:ircui t 2 from the CPO 401 ( step Rll) . When the 

re-drive control signal for the receiver circuit 2 has 

5 been supplied from the CPU 401, the receiver circuit 2 

is re-driven at step R12. 

The CPU 401 re-drives the decoder section 3 (step 

ClO), and then 1 at step Cll, sets address data read from 

the ID-ROM of the ROM 402 to the address register of the 

10 address comparison circuit 6. At step Cl2, the CPU 401 

determines an output timing of the final block of the 

frame, which is preceding to the own frame by one. When 

the timing of the final block has been detected, the CPU 

401 outputs an operation control signal to the receiver 

15 circuit 2 (step Cl3). 

When the receiver circuit 2 has been re-driven, the 

decoder section 3 establishes synchronization by the 

synchronization 1 (Sl)Cl of the own frame received at 

step R13. Moreover, the decoder portion 3 causes the 

20 level determining circuit 301 to store data among frame 

pattern data of the own frame relating to the modulation 

method and that relating to the frame speed (step Rl6), 

Simultaneously, the received frame pattern data is also 

output to the CPU 401. 

25 Then, the decoder section 3 fetches, decodes and 

outputs frame information (Fl)C2 at step R14. Since the 

frame type data is, at step Rl3, also output to the CPU 
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401, the CPU 401 causes the buffer memory 4011 to 

re-store the frame type data at step Cl4. At step CJ.5, 

whether or not the frames coincide with each other is 

determined in accordance with the decoded frame 

5 information (Fl)C2. If non-coincidence is detected, the 

operation returns to step C8 in which frame timing, 

which is preceding to the own frame by one, is waited 

for. If coincidence is detected, the operation proceeds 

to step C16 in which the own frame is confirmed, 

10 continuous reception is controlled and the address of 

the rearranging circuit :i.s determined by the 

deinterleaving circuit 5. 

The decoder section 3 outputs frame information 

(Fl)C2 to the CPU 401 at step R14, and then, at step RlS, 

15 waits for input of an interruption signal which is 

generated when the frame non-coincidence is detected. 

If the interruption signal has been supplied, the 

operation returns to step RB in which the operation of 

the receiver circuit 2 is interrupted. If the 

20 interruption is not supplied, the operation proceeds to 

step R16. At step R16, the synchronization 2 (S2)C3 is 

received, and then the timing control circuit 303 

confirms synchronization of the reception of the 

interleaved block structure D2 and performs fine 

25 adjustment. At step Rl7, received data is rearranged by 

the received data buffer circuit 304 so that the 

rearranged data is output as 8-bit parallel data. 
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Then, the operation proceeds to step R18 in which block 

information (BI)C4, address field {AF)CS and vector 

field (VF)C6 set by the synchronizing signal portion D1 

are input and the reception is continued. 

5 At step Cl6f the CPU 401 also performs a process 

for supplying a selection control signal for selecting 

any one of the rearranging circuits 502, 503 and 504 

which is to be connected to the selector circuit 505 of 

the deinterleaving circuit 5 in accordance with the 

10 frame type of the subject frame by determining the 

address to be employed (the operation proceeds to step 

Dl shown in FIG. 23). 

After the operation at step Cl6 has been completed, 

the CPU 401 determines at step C17 whether or not the 

15 received frame type is 1600 bps ( 2-level FM). If the 

frame type is 1600 bps (2-level FM), the operation 

proceeds to step S38 in which the start word of the 

address field {AF)CS is read from the block information 

(BIJC4 so as to be stored in the buffer memory 4013. 

20 Then, the operation proceeds to step CJ9, 

If a determination has been performed at step C17 

that data is output with a frame type except 1600 bps 

(2-level FM), the operation proceeds to step Cl8 in 

which received data is sequentially stored in the RDA of 

25 the RAM 403 until the number of bits of data is stored 

to permit the reproducing process to be performed and 

the timing of the reproducing process comes (step C19). 
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When a determination has been performed that the number 

of bits of data, which permits the reproducing process 

can be performed, has been stored and the timing of the 

reproducing process has come, the operation proceeds to 

5 step C20 in which data is read from the RDA to supply 

data to the deinterleaving circuit 5. Thus, the 

deinterleaving circuit 5 starts performing the process 

for reproducing data (refer to step D4 shown in FIG. 23). 

The operation of the deinterleaving circuit 5 shown 

10 in FIG. 23 will now be described. At step Dl, the 

selector c:i.rcuit 505 determines the address of the 

rearranging circuit for storing 8-bit data in accordance 

with the selection control signal for the rearranging 

circuit determined at step C16. Then, an operation for 

15 waiting for input of 8-bit parallel data starts (step 

D2), If input of 8-bit parallel data has been confirmed 

at step DJ, the operation proceeds to step D4 in which 

the input 8-bit parallel data are sequentially stored in 

the shift register 501 (A to D). Then, 8-bit parallel 

20 data are output to the address of the rearranging 

circuits from the respective shift registers at step D5 

as described with reference to FIGS. 15 to 17. Data 

reproduced by each of the rearranging circuits is, at 

step D6, again output to the bus line nB•. After the 

25 reproducing process at step D6 has been completed, 

operations at steps C21, C25 and C35 are performed. 

After the reproducing process at step D6 has been 
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completed, the CPU 401 stores this data in the buffer 

memory 4014 to subject the same to the error correction 

process. At step C21, the start word of the address 

field (AF)CS is read in accordance with the block 

5 information (BI)C4 to store it in the buffer memory 4013. 

Then, the operation proceeds to step C22. 

At step C22, the CPU 401 stores the received data 

in the RDA of the RAM 403. At step C23, the CPU 401 

determines whether a predetermined number of bits of 

10 data, which permits the reproducing process can be 

performed, has been stored and the timing of the 

reproducing process has come. If the storage of the 

predetermined number bits of data and the reproducing 

timing are confirmed at step C23, the received data are 

15 sequentially read from the RDA so as to be output to the 

deinterleaving circuit 5, at step C24. When data has 

been supplied to the deinterleaving circuit 5 through 

the bus line •e», the deinterleaving circuit 5 

reproduces data, the frame type of which is that except 

20 1600 bps (2-level FM) and are stored in the shift 

register 501 (A to D) at step D3. 

Then, when the reproduced data is fetched from the 

deinterleaving circuit 5 through the bus line "B'', the 

CPU 401 stores this data in the buffer memory 4014 to 

25 subject the same to the error correction process. Then, 

the CPU 401 outputs address data included in the address 

field (AF)C5 to the address comparison circuit 6 (step 
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C25). At this time, the address comparison circuit 6 

compares the received address data fetched through the 

bus line ~•BtJ at the timing of the data trigge.r !,cu with 

the address data in the address register 601. Then, the 

5 coincidence signal "f" denoting the coincidence or mm

coincidence is output to the CPU 401. 

The CPU 401 instructs the decoder section 3 to 

fetch data. If the CPU 401 has detected coincidence of 

addresses because it has received the coincidence signal 

10 "f" from the address comparison circuit 6 at step C26, 

the operation proceeds to step C28. If the coincidence 

of addresses is not detected, the operation proceeds to 

step C27 in which the CPU 401 outputs an interruption 

signal to the decoder section 3. When the interruption 

15 signal has been supplied to the decoder section 3 from 

the CPU 401, the operation returns to step RB in which 

the operation of the receiver circuit 2 is interrupted. 

If the coincidence signal ''f" is not supplied, the 

operation proceeds to step R20. At steps R20 and R21, 

20 reception is continued until the interruption signal is 

received from the CPU 401. 

At step C28 1 data of vector field (VF)C6 is read 

from the RDA following thr:, address field (AF)C5 so that 

the start word and the number of words in the message 

25 field (MF)C7 a:r.e determined. At step C29, a process for 

interrupting the operation of the receiver circuit 2 

until the start word of own message data appears is 
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performed. When the interruption control starts, only 

own message data can be fetched in accordance with the 

determined start word. Since the decoder section 3 

receives the interruption signal at step R21, the 

5 decoder section 3 interrupts the operation of the 

receiver circuit 2 at step R22 and the above-mentioned 

state is maintained until the re-drive signal is 

received. 

When the CPU 401 has confirmed the timing for 

10 receiving the start word of own message data at step C30, 

the CPU 401 outputs the re-drive signal to the decoder 

section 3 at step C31 in order to re-drive the receiver 

circuit 2. Thus, the receiver circuit 2 receives data. 

At step C32, the CPU 401 sequentially stores received 

15 data in the RDA through the decoder section 3. When 

the decoder section 3 has received the above-mentioned 

re-drive signal output at step C31 {step R23), the 

receiver circuit 2 is re-driven (step R24). 

After data storage in the RDA has been started at 

20 step C32, the CPU 401 determines at step C23 whether a 

predetermined number of bits of data, which permits the 

reproducing process can be performed, has been stored 

and the timing of the reproducing process has come. If 

the storage cf the predetermined number bits of data and 

25 the reproducing timing are confirmed at step C32 1 the 

received data (message data) are sequentially read from 

the RDA so as to be output to the deinterleaving circuit 
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5, at step C35. When the deinterleaving circuit 5 

performs the data reproducing process, data in the next 

block is stored in the RDA. Then, the operation 

proceeds to step C35. 

When data reproduced by the deinterleaving circuit 

5 has been output to the bus line ~e• 1 idle blocks 

(IB)C8 is detected at step C35. When the idle blocks 

(IB)C8 is detected, an interruption signal is output to 

the decoder section 3 in order to interrupt the 

10 operation of the receiver circuit 2 to the timing for 

receiving the own frame. In order to control the 

reception notification at step C37, the CPU 401 causes 

the notifying section 8 to notify the reception and 

reproduces and displays a message in accordance with the 

15 received own message data, and then the operation 

returns to step C9. Thus, the CPU 401, at step C9, 

waits for the timing of the frame, which precedes to the 

own frame by one. When the receiver circuit 2 has been 

re-driven at step R24, the decoder section 3 continues 

20 the reception operation until the operation is 

interrupted by the CPU 401 at step CJ6 (steps R25 and 

R26), When the interruption signal has been received at 

step R26, the operation proceeds to step R27 in which 

the operation of the receiver circuit 2 is interrupted. 

25 Then, the decoder section 3 completes the receiving 

operation. 

Thus, the operations of the CPU 401 and the decoder 
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section 3 have been described so that they are linked 

to each other to receive data with the frame pattern 

except 1600 bps (2-level FM} in accordance with a result 

of the determination performed at step Cl7. If the 

5 frame type of the received data is determined as 

1600 bps (2-level FM) at step C17, the receiving 

operation, which is performed by the CPU 401 1 is shifted 

to step C38 in which an operation, in which the 

reproducing operation is not performed, is started. 

10 At step C38, the block information (BI)C4 is 

fetched into the buffer memory 4014 so as to be 

subjected to the error correction process. Then, the 

start word of the address field (AF)CS is stored. The 

CPU 401, at step C39, outputs address data, which is 

15 stored in the address field (AF)CS, to the address 

comparison circuit 6. Thus 1 the address comparison 

circuit 6 compares the received address data fetched 

through the bus line "'B" at the timing of the supplied 

data trigger "c" with the address data in the address 

20 register 601. Then, the address comparison circuit 6 

outputs the coincidence signal ttf" to the CPU 401. 

When the CPU 401 has detected the coincidence 

signal "f" denoting the coincidence of the addresses 

supplied from the address comparison circuit 6 at step 

25 C40, the CPU 401 shifts the operation to step C41. 

If the coincidence signal "f• is not detected, the 

CPU 401 shifts the operation to step C27 in which 
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an interruption signal is output to the decoder 

section 3. When the decoder section 3 has received the 

interruption signal from the CPU 401, the operation 

returns to step R8 in which the operation of the 

5 receiver circuit 2 is interrupted. If the coincidence 

signal "f" is not detected, the operation proceeds to 

steps R20 and R21 in which reception is continued until 

the interruption signal is supplied from the CPU 401. 

At step C41, data of the vector field (VF)C6 is, 

10 following the address field (AF)CS, supplied from the 

receiver circuit 2 so that the start word of own message 

data and the number of words in the message field (MF)C7 

are determined. At step C42, control is performed such 

that the operation of the receiver circuit 2 is 

15 interrupted until the start word of own message data is 

detected. When the interruption control has started, 

only own message can be fetched in accordance with the 

determined start word. Since the decoder section 3 

receives the interruption signal at step R21, it 

20 interrupts the operation of the receiver circuit 2 at 

step R22 and maintains this state until the re-drive 

signal is supplied. 

When the CPU 401 has confirmed timing for receiving 

the start word of own message data at step C43, the CPU 

25 401 outputs the re-drive signal to the decoder section 3 

in order to re-drive the receiver circuit 2 (step C44). 

Thus, the receiver circuit 2 receives data, and the CPU 
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401 sequentially reads own message data in unit of 8-bit 

(step C45) and detects the idle blocks {IB)C8 (step C46). 

When the re-drive signal output at step C31 has been 

supplied at step R23, the decoder section 3 re-drives 

5 the receiver circuit 2 (step R24). 

If the idle blocks (IB)CB has been detected at step 

C45, an interruption signal is output to the decoder 

section 3 in order to interrupt the operation of the 

receiver circuit 2 to the timing for receiving a next 

10 own frame (step C36). The CPU 401, at step C37, causes 

the notifying section 8 to perform the notification 

process and reproduces and displays the message in 

accordance with the received message data in order to 

control notification of reception. 1'hen, the CPU 401 

15 returns the operation to step C9. As described above, 

the CPU 401, at step C9, waits for timing for the frame, 

which is preceding to the own frame by one. After the 

receiver circuit 2 has been re-driven at step R24, the 

decoder section 3 continues the receiving operation 

20 until the operation is interrupted by the CPU 401 at 

step C36 (steps R25 and R26). When the interruption 

signal has been received at step R26, the operation 

proceeds to step R27 in which the operation of the 

receiver circuit 2 is interrupted. Then, the decoder 

25 section 3 completes the receiving operation. 

As described above, according to the first 

embodiment, when information (synchronization l (Sl)Cl) 
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indicating the frame type has been received, the frame 

type of the data is determined. In accordance with the 

determined frame type, a suitable rearranging circuit is 

selected from the plural rearranging circuits. 

5 Therefore, load distribution to the hardware and 

software can be balanced. As a result, the size of the 

circuit a.nd the load of the CPU can be reduced. 

(Second Embodiment) 

The first embodiment has the structure such that 

10 the data receiving operation .is performed by the CPU 401 

as follows. When a predetermined number of data bits 

have been stored in the RDA in the RAM 403, which can be 

reproduced and the timing for performing the reproducing 

process comes, a suitable rearranging circuit is 

15 selected from the plural rearranging circuits in the 

deinterleaving circuit 5 in accordance with the frame 

type of the received data. The addresses of the data 

reproduced by the selected rearranging circuit are 

subjected to a comparison processing. If the 

20 coincidence is detected, own data of the message field 

is fetched so that the reproducing process is performed. 

However. 1 according to the f.i.r.:st embodiment, the CPU 

401 controls the data transfer among the RAM 403, the 

deinterleaving circuit 5 and the address comparison 

25 circuit 6, complicated control of data transfer is 

required in addition to the main operation for 

reproducing data. Therefore, there sometimes arises 
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a problem in that the data processing rate is lowered. 

Accordingly, a pager according to a second 

embodiment is provided wi.th a Dfl'J.A (Di.rect Memory Access) 

circuit 11. Thus, when the CPU 401 performs the data 

5 receiving operation, as shown in FIG. 30, the DY.A. 

circuit 11 controls data transfer among the CPU 401, the 

RAM 404 1 the deinterleaving circuit 5 and the BCH 

decoder 10 for performing the error correction process. 

Thus, load which must be borne by the CPU 401 for 

10 transferring data is intended to be reduced. 

15 

Referring to FIGS. 24 to 32, the second embodiment 

of the present invention will now be described. In the 

second embodiment, the data structure C and the block 

structure D shown in FIG. 32 are employed. 

FIG. 24 ls a block diagram showing the structure of 

circuits in the pager which is the second embodiment of 

the data receiving apparatus according to the present 

invention. The same elements as those of the pager 

according to the first embodiment and shown in FIG, 1 

20 are indicated by the same reference numerals and the 

same elements are omitted from description. 

The pager according to this embodiment comprises 

the antenna 1, the receiver circuit 2, the decoder 

section 3, the control section 4, the deinterleaving 

25 circuit 5, the address comparison circuit 6, the display 

unit 7, the notifying section 8, the power supply 

circuit 9, the BCH decoder 10, the DMA circuit 11 and 
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a key input section 12. 

The control section 4 controls the overall 

operation of the pager in accordance with a control 

program stored in the ROM 402 and comprises the CPU 401, 

5 the ROM 402 and a RAM 404. The CPU 401 has the buffer 

memory 4011 for temporarily storing the frame pattern 

read from, for example, the synchronization l (Sl)Cl, 

the buffer memory 4012 for temporarily storing data 

(cycle number, frame number and number of plural output 

10 operations) read from the frame information (Fl)C2, the 

buffer memory 4013 for storing the block information 

(BI)C4 and data read from the vector field (VF)C5 (the 

start word of the own message data and the number of 

words of message data in the address field (AF)r the 

15 vector field (VF) and the message field (MF)) and the 

clock generator 4015 for generating clocks for use to 

adjust the timing of the receiving process and the like. 

The CPU 401 controls circuit sections connected to the 

CPU 401 by using the data contained in one frame and the 

20 1 • 
CJ..OCKS. 

The RAM 404, as shown in FIG. 25, has a work area 

WA for enabling the CPU 401 to be operated, a memory 

area BDM (Block Data Memory) which is used to reproduce 

the received data and so that 11-block addresses of the 

25 received data for one frame supplied from the decoder 

section 3 at the time of performing the receiving 

operation are assigned in unit of block, and a memory 

DEF0000643 

IPR2020-00033 Page 01989



W097/24828 PCT/JP96/0J7:55 

62 

area .M.1'ffi for storing the received message data. 

The BDM stores data for one frame, which is bei.ng 

received and reproduced, by assigning the address. 

Data thus-stored is, under control of the DMA 

5 circuit 11, to be described later, output to the 

deinterleaving circuit 5. Data reproduced by the 

deinterleaving circuit 5 is re-stored in the same 

storage address, and then output so as to be subjected 

to an error correction process in the BCH decoder 10. 

10 In a case where the block data includes an address 

field, data subjected to the error correction process in 

the address comparison circuit 6 is again output so as 

to be subjected to a comparison of the address data is 

then subjected to the address comparison process. If 

15 the coincidence is detected, data is re-stored in the 

same address. If the non-coincidence is detected, dat.a 

is not stored in the DBM and deleted. 

The BCH decoder 10 corrects an error ~n data by 

using a 10-bit BCH code and even-number parity bits 

20 included in data for one block reproduced by the 

deinterleaving circuit 5, and then output the error bit 

number to the CPU 401. 

The DMA (Direct Memory Access) circuit 11 controls 

data transfer among the CPU 401, the RAM 404, the 

25 deinterleaving circuit 5, the address comparison circuit 

6 and the DMA circuit 11 through the bus line "E". 

The key input section 12 is composed of a main 
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switch, cursor keys and memory keys to output signals 

denoting the operations of the key operations to the 

CPU 401. 

The overall operation of the second embodiment will 

5 now be described. 

FIGS, 26 to 29 are flow charts of the main 

operation of the pager. FIG. 30 is a timing chart of 

the operations in the DMA circuit 11 for reading and 

writing data between the BDM and the other circuits. 

10 When the CPU 401 has detected at step ClOl that the 

electric power has been supplied by the operation of a 

power supply switch (not shown), the CPU 401 allows 

electric power to be supp1ied to the respective circuit 

sections connected to the CPU 401 and initializes the 

15 sections. At this time, also the operation of the 

decoder section 3 is started when the initializing 

operation has been performed so that control data for 

controlling the received data buffer circuit 304 

corresponding to each frame pattern is set to the frame 

20 speed determining circuit 302 and the level determining 

circuit 301. Then, the decoder section 3 is brought 

into a standby state at the frequency band and the phase 

set by ID-ROM {steps R101 and R102). In this standby 

state, the CPU 401 starts an internal timer (not shown) 

25 to perform intermittent reception in a period from 1,875 

seconds (one frame) to 10 seconds at intervals of 30 

seconds for two minutes until synchronization is 
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detected when the synchronization l (Sl}Cl of the 

synchronizing signal portion Dl is received (step Cl03). 

'l'hen 1 synchronization detection is performed by 

receiving the synchronization 1 (Sl)Cl until a 

5 predetermined time has been elapsed {steps Cl04 and 

C106). 

If synchronization has been detected, the operation 

proceeds to step ClOS in which the timer .is reset, and 

frame pattern data set by the synchronization 1 (Sl)Cl 

10 is stored in the buffer memory 4011. If no 

synchronization is detected in two minutes and the lapse 

of the predetermined time has been confinued, the pager 

is moving or stays in an area outside the service zone. 

Therefore, the ope.ration proceeds to step Cl07 in which 

15 the fact that the pager exists outside the service zone 

is displayed on display unit 7. Moreover, an out-of

zone notification interruption signal for interrupting 

out-of-zone notification, which is output by the 

notifying portion 8 when the pager exists outside the 

20 zone, is output, 

When the decoder section 3 has received the 

synchronization l (Sl)Cl, the decoder section 3 fetches 

it and causes the level determining circuit 301 to store 

data included in frame pattern data set by the 

25 synchronization 1 (Sl)Cl and relating to the modulation 

method (step R103). Moreover 1 the decoder section 3 

causes the frame speed determining circuit 302 to store 
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data included in the frame pattern data set by the 

synchronization l [Sl)Cl and relating to the frame speed 

(step R104). The received frame pattern data is also 

output to the CPU 401. 

The decoder section 3 continues the intermittent 

reception at steps R102, R103 and Rl06 until the out-of

zone notification interruption signal is received by the 

CPU 401 at step C107. When the out-of-zone notification 

interruption signal has been received, the operation 

10 proceeds to step Rl07 in which the operation of the 

receiver circuit 2 is interrupted. 

After step R104 has been performed, the decoder 

section 3 receives frame information (Fl)C2 at step R105, 

and then output, to the CPU 401, the received cycle 

15 number, the received frame number and this timing 

information for obtaining the own frame from the frame 

information (Fl)C2. The CPU 401, at step C108, 

recognizes the position of the own frame in accordance 

with the frame information 428 (FI) and timing 

20 information supplied from the decoder section J to 

interrupt operation of the receiver circuit 2 until the 

timing for the own frame comes. The process at step CB 

is continued to the timing for the frame which precedes 

to the own frame by one (step Cl09). The control of 

25 interrupting the operation of the receiver circuit 2 is 

performed by the decoder section 3 under control of the 

CPU 401 (step RlOB). The process et step RlOB is 
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repeatedly performed until a re-drive signal is input 

( step R109) . 

If the frame timing 1 which is preceding to the own 

frame by one, is detected at step Cl09, the CPU 401 

5 re-drives the decoder section 3 at step CllO. When the 

decoder section 3 is instructed to re-drive from the CPU 

401 (step R109), it re-drives the decoder section 3 

(step RllO) in which the decoder section 3 waits for 

input of a re-drive control signal for the receiver 

10 circuit 2 from the CPU 401 (step Rlll). When the 

re-drive control signal for the receiver circuit 2 has 

been supplied from the CPU 401, the receiver circuit 2 

is re-driven at step R112. 

The CPU 401 re-drives the decoder section 3 (step 

15 CllO), and then, at step Clll, sets address data read 

from the ID-ROM of the ROM 402 to the address register 

of the address comparison circuit 6. At step Cll2, the 

CPU 401 determines an output timing of the final block 

of the frame, which is preceding to the own frame by one. 

20 When the timing of the final block has been detected, 

the CPU 401 outputs an operation control signal to the 

receiver circuit 2 (step Cll3). 

When the receiver ciL~uit 2 has been re-driven, the 

decoder section 3 establishes synchronization by the 

25 synchronization 1 (Sl)Cl of the own frame received at 

step Rl13. Moreover, the decoder portion 3 causes the 

level determining circuit 301 to store data among frame 
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pattern data of the own frame relating to the modulation 

method and that relating to the frame speed (step R116). 

Simultaneously, the received frame pattern data is also 

output to the CPU 401. 

Then, the decoder section 3 fetches, decodes and 

outputs frame information (Fl)C2 at step Rll4. Since 

the frame type data is, at step R113, also output to the 

CPU 401, the CPU 401 causes the buffer memory 4011 to 

re-store the frame type data at step C114. At step Cl15, 

10 whether or not the frames coincide with each other is 

determined in accordance with the decoded frame 

information (Fl)C2. If non-coincidence is detected, the 

operation returns to step Cl08 in which frame timing, 

which is preceding to the own frame by one, is waited 

15 for. If coincidence is detected, the operation proceeds 

to step CllG in which the own frame is confirmed, 

continuous reception is controlled and the address of 

the rearranging circuit is determined by the 

deinterleaving circuit 5. 

20 The decoder section 3 outputs frame information 

(Fl)C2 to the CPU 401 at step Rll4, and then, at step 

R115, waits for input of an interruption signal which is 

generated when the frame non-coincidence is detected. 

If the interruption signal has been supplied, the 

25 operation returns to step RlOB in which the operation of 

the receiver circuit 2 is interrupted. If the 

interruption is not supplied, the operation proceeds to 

DEF0000649 
IPR2020-00033 Page 01995



W097/24828 PCT/JP96/03755 

68 

step R116. At step R116, the synchronization 2 (S2)C3 

is received, and then the timing control circuit 303 

confirms synchronization of the reception of the 

interleaved block structure D2 and performs fine 

5 adjustment. At step R117, received data is rearranged 

by the received data buffer circuit 304 so that the 

rearranged data is output as 8-bit parallel data. Then, 

the operation proceeds to step Rl18 in which block 

information (BI)C4, address field (AF)CS and vector 

10 field (VF)C6 set by the synchronizing signal portion DI 

are input and the reception is continued. 

At step C116, the CPU 401 also performs a process 

for supplying a selection control signal for selecting 

any one of the rearranging circuits 502, 503 and 504 

15 which is to be connected to the selector circuit 505 of 

the deinterleaving circuit 5 in accordance with the 

frame type of the subject frame by determining the 

address to be employed. 

After the operation at step C116 has been completed, 

20 the CPU 401 determines at step C117 whether or not the 

received frame type is 1600 bps (2-level FM). If the 

frame type is 1600 bps (2-level FM), the operation 

proceeds to step Cl27 in which the start word of the 

address field (AF)CS is read from the block information 

25 (Bl)C4 so as to be stored in the buffer memory 4013. 

Then, the operation proceeds to step C128. 

If a determination has been performed at step Cl17 
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that data is output with a frame type except 1600 bps 

(2-level FM], the operation proceeds to step CllB in 

which the 8-bi.t parallel data is stored in the BDA of 

the RAM 404 with the addresses being assigned. 

When it is determined that the number of data bits, 

which permits the reproducing process can be performed, 

has been stored, the DMA circuit 11 sequentially reads 

the data from the BDM and supplies the data to the 

deinterleaving circuit 5. Thus, the deinterleaving 

10 circuit 5 performs the data reproducing process and 

re-stores the reproduced data at the read address. Whem 

the data of one block is reproduced, the data of one 

block are read from the BDM and are supplied to the BCH 

decoder IO. The error-corrected data of one block are 

15 re-stored at the read addresses. 

Then, the CPU 401, at step Cl19, on the basis of 

the block .information (BI)C4, reads the start word of 

each of the address field {AF)C5 and the vector field 

(VF)C6 of data subjected to the error correction process. 

20 Then, the operation proceeds to step C120. 

Then, the CPU 401 instructs to perform a comparison 

of address data stored in the BDM of the RAM 404. 

The OMA circuit 11 reads address data included in the 

reproduced address field (AF)C5 which has been stored in 

25 the BDM so as to output the same to the address 

comparison circuit 6. The address comparison circuit 6, 

at the timing of the data trigger "c", compares the 
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address data received through the bus line "B" with the 

address data in the address register 601. Then, the 

address comparison circuit 6 outputs, to the CPU 401, a 

coincidence signal "f" denoting whether address data 

5 items coincide with each other. 

The CPU 401 instructs the decoder section 3 to 

fetch data. Moreover, when the CPU 401 has detected the 

coincidence of addresses because it has received the 

coincidence signal "f" from the address comparison 

10 circuit 6 at step Cl20, it shifts the operation to step 

Cl21. If the address coincidence is not detected, the 

operation proceeds to step C123 in which an interruption 

signal is output to the decoder section 3, When the 

decoder section 3 has been supplied with the 

15 interruption signal from the CPU 401, the operation 

returns to step RlOB in which the operation of the 

receiver circuit 2 is interrupted. If the coincidence 

signal "f" is not supplied, the operation proceeds to 

step Rl20 in which the receiving operation is continued. 

20 At step Cl21, the start word and the number of 

words of own message data in the message field (MF)C7 

are determined in accordance with vector data in the 

vector field (VFJC6. At seep C122, data for one frame 

is sequentially fetched, and then storage address is 

25 assigned. Then, data is sequentially stored in the BDM 

of the RAM 404. 

Simultaneously with the receiving operation 
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performed by the CPU 401, data which is sequentially 

stored in the BDM is repeatedly written to and read 

from both of the deinterleaving circuit 5 and the BCH 

decoder 10. 

5 At step C124, the idle blocks (IB)CB is detected. 

When the idle blocks (IB)CB has been detected, an 

interruption signal is output in ordar to interrupt the 

operation of the receiver circuit 2 to the timing for 

receiving a next own frame. The CPU 401, at step Cl26, 

10 performs control of the reception notification by 

performing processes for reproducing and displaying 

message in accordance with the received message data 

subjected to the notifying process in the notifying 

section 8. Then, the operation returns to step Cl09. 

15 As described above, the CPU 401 waits for a frame timing 

which precedes to the own frame by one. Note that the 

receiving operation of the decoder section 3 is 

continued (step R121) until interruption of the 

operation is instructed from the CPU 401 at step C125. 

20 If the interruption signal is supplied at step R121, the 

operation proceeds to step Rl22 in which the operation 

of the receiver circuit 2 is interrupted. Then, the 

decoder section 3 completes the receiving operation. 

The operations of the CPU 401 and the decoder 

25 section 3 have been described in which they are linked 

to each other to receive data with the frame pattern 

except 1600 bps in accordance with a result of the 
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determination performed at step Cll7. If the frame type 

of received data is detected as 1600 bps (2-level FM) at 

step Cll7, the receiving operation 1 which is performed 

by the CPU 401, is shifted to step C127 in which an 

5 operation, in which the reproducing operation is not 

performed, is started. 

At step Cl27 block information (BI)C4 is output to 

the BCH decoder 10 so as to be subjected to the error 

correction process, and then stored in the BDM of the 

10 R,\M 404, Then, the start words of each of the address 

field (AF)C5 and the vector field (VF)C6 are stored in 

the buffer memory 4013, 

The CPU 401, at step C128, outputs address data, 

which is included in the address field (AF)CS, to the 

15 address comparison circuit 6. The address comparison 

circuit 6 compares the address data supplied through the 

bus line "B" at the timing of the data trigger "c" and 

the address data in the address register 601. Then, the 

address comparison circuit 6 outputs the coincidence 

20 signal "f" to the CPU 401, 

At step C129, the CPU 401 detects the coincidence 

signal "f" supplied from the address comparison circuit 

6. If the addresses coincide with each other, the 

operation proceeds to step Cl30. If the coincidence is 

25 not detected, the operation proceeds to step Cl23 in 

which an interruption signal is output to the decoder 

section 3. When the decoder section 3 has received the 
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interruption signal from the CPU 401, the operation 

returns to step Rl08 in which the operation of the 

receiver circuit. 2 is interrupted. If the coincidence 

signal "f" is not detected, the operation proceeds to 

5 step Rl31 in which the receiving operation is continued. 

10 

At step Cl30, the start word and the number of 

wards of own message data in the message field {MF)C7 

are determined in accordance with data of the vector 

field (VF)C6. 

The CPU 401 causes the receiver circuit 2 to 

continue the data receiving process in which data is 

sequentially stored in the BDM in unit of one block. 

Moreover, the CPU 401 causes the DMA circuit 11 to 

continue the data transfer processes (step Cl31). Then, 

15 own message data are sequentially read, and then the 

idle blocks (IB)C8 is detected (step C132). 

If the idle blocks (IB)CB is detected at step Cl32, 

the CPU 401 outputs an interruption signal to the 

decoder section 3 in order to interrupt the operation of 

20 the receiver circuit 2 to the timing for receiving a 

next own frame ( step C 125) . In order to control the 

reception notification at step Cl25, the notification 

process is performed by the notifying section 8 and the 

message is reproduced and displayed in accordance with 

25 received own message data. Then, the operation returns 

to step Cl09. As described above 1 the CPU 401, at step 

C109, waits for the frame timing, which is preceding to 
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the own frame by one. When the interruption signal has 

been supplied to the decoder section 3 at step Rl21, the 

operation proceeds to step R122 in which the operation 

cf the receiver circuit 2 is interrupted. Then, the 

5 decoder section 3 completes the receiving operation. 

The operation, which is performed by the DMA 

circuit 11 will now be described with reference to a 

timing chart shown in FIG. 30. The timing chart shown 

in FIG. 30 shows the operation of the DMA circuit 11 for 

10 transfer data for one block (block #0) when data, the 

frame type of which is, for example, 6400 bps (4-level 

FM) has been received. Data 1 the frame type of which is 

6400 bps (4-level FM), and which has been received by 

the receiver circuit 2 is decoded into parallel data by 

15 the decoder section 3 for each 8 bits. When parallel 

data has been output to the bus line "B", addresses are 

assigned and sequentially stored in the BDM formed in 

thE:': RAM 404 under control of the CPU 401.· 

The DMA circuit 11, is turned on simultaneously 

20 with the reproducing process, sequentially makes 

accesses to data among 8-bit parallel data being stored 

in the BDM. The data of the block #0 having a 

predetermined number of bits which can be reproduced are 

sequentially read and supplied to the deinterleaving 

25 circuit 5. After the data reproducing process has been 

completed by the deinterleaving circuit 5 1 the 

reproduced data is again output to the BDM so as to be 
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written to the same address. 

As described above, when data, the frame type of 

which is 6400 bps (4-level FM), has been received, the 

OMA circuit 11 repeatedly outputs and receives block 

5 data between the BDM and the deinterleaving circuit 5 

until reproducing process for one block is performed 

four times. 

In order to cause the BCH decoder 10 to BCH-decode 

(correct an error) data written back to the BDM by the 

10 DY.LA circuit 11, the CPU 401 causes the DMA circuit 11 to 

read data again from the BDM so as to output the same to 

the BCH decoder 10. After the BCH decoder 10 has 

completed the error correction process, corrected data 

is again output to the BDM so as to be written to the 

15 same address. 

During the error correction process which is 

performed by the BCH decoder 10, the DMA circu.i.t 11 

makes an access to data in a next block (block #1) which 

is being stored in the BDM to follow an instruction from 

20 the CPU 401 to output the same to the deinterleaving 

circuit 5 so as to be reproduced. In the case shown in 

FIG. 30, a process is being performed with which data is 

output to the deinterleaving circuit 5 relating to a 

process for reproducing data (second time and third 

25 time) in the next blocks. 

In a case where the corrected block is data (block 

#1 or block #1 and block #2) in the address field (AF)CS, 
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the CPU 401 reads address data in data which is written 

back to the BDM by the OMA circuit 11 and outputs the 

same to the address comparison circuit 6 so as to be 

compared with the address data of ID information. If 

5 the coincidence signal "f" from the address comparison 

circuit 6 is detected, the address data is written back 

to the BDM. 

Simultaneously with the address comparison process 

which is performed by the address comparison circuit 6, 

10 the following process is repeatedly performed in the DMA 

circuit 11. The reproduced data (data of the block 13) 

is repeatedly transfered from the BDM to the BCH decoder 

10 and the next data (data of the block 4/:4) which is 

output from the decoder section 3 and stored in the BDM 

15 are accessed tn be supplied to the deinterleaving 

circuit 5. 

As described above, according to the second 

embodiment 1 the DMA circuit 11 for con.trolling data 

transfer among the CPU 401, the BDM of the RAM 404, the 

20 deinterleaving circuit 5, the address comparison circuit 

6 and the BCH decoder 10 is provided in addition to the 

structure of the first embodiment so that the lead which 

must be borne by the CPU 401 for transferring data is 

reduced. 

25 FIG. 31 is a circuit diagram showing a modification 

of the second embodiment. As shown in FIG. 31, the 

structure according to this modification comprises 
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a receiver. module 14 formed. of a PC card having an 

interface 15 and a circuit substrate for a personal 

computer, and a portable data terminal 17 having an 

interface 16 for a PC card slot or the like. 

Referring to FIG. 31, the receiver module 14 has 

the antenna 1, the receiver circuit 2, the decoder 

section 3, the buffer memories 4011 to 4014, the clock 

generator 4015, the ROM 402, the RAM 404, the 

deinterleaving circuit 5, the address comparison circuit 

10 6 1 the BCH decoder 10, the DMA circuit 11 and the 

interface 15 capable of output and receiving data in the 

bus line "B". The portable data terminal 17 has the CPU 

4D1 for controlling the data receiving and reproducing 

processes, the display unit 7, the notifying section 8 

15 and a CPU 13 for controlling circuits in the portable 

data terminal 17. 

Although both of the first embodiment and the 

second embodiment of the present invention have the 

structure such that the present invention is applied to 

20 a sole pager adapted to paging system STD-43, the 

present invention is not limited to this system. 

25 

The present invention may be applied to any one of 

information communication terminal, data communication 

device connected to a personal computer and the like. 

For example, the present invention may be applied 

to any pager adapted to a data communication method in 

which information about regulation of the data frame 
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speed or the modulation method can be output. In this 

case, even if a paging service company mixedly uses a 

plurality of paging systems, the pager according to the 

present invention may be applied. 
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C L A I M S 

1. A data receiving apparatus comprising: 

receiving means for receiving data; 

plural reproducing means capable of reproducing 

5 received data having a format which can be recogni.zed by 

said data receiving apparatus; 

format data receiving means for receiving format 

data; and 

selection means for selecting one of said plural 

10 reproducing means in accordance with the format data 

received by said format data receiving means. 

15 

2. A data receiving apparatus according to claim 1, 

wherein said format data denotes a data transmission 

rate, 

3. A data receiving apparatus according to claim 2, 

further comprising control means for controlling a 

reproducing process rate of said selected reproducing 

means in accordance with the for.mat data denoting the 

transmission rate received by said format data receiving 

20 means. 

4. A data receiving apparatus according to claim I, 

wherein said format data denotes a data modulation mode. 

5. A data receiving apparatus according to claim 4, 

further comprising conversion means for converting data 

25 received by said one of plural receiving means into 

parallel data corresponding to the format data denoting 

the data modulation mode. 
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6. A data receiving apparatus according to any one 

of claims 5, wherein said conversion means comprises 

plural registers for used for converting received data 

into the parallel data and corresponding to data 

5 modulation modes. 

7. A data receiving apparatus according to any one 

of claims 5, further comprising: 

data storage means for dividing the parallel data 

output from said conversion means into data items of a 

10 predetermined unit and for sequentially storing divided 

data items; 

reading means for reading the divided data items 

from said data storage means in a storing order and 

supplying read data items to said one of plural 

15 reproducing means selected by said selection means; and 

storage control means for staring the parallel data 

output from said one of plural reproducing means in said 

data storage means at addresses of the divided data 

items read by said reading means. 

20 8. A data receiving apparatus according to any one 

25 

of claims 5, further comprising: 

data storage means for storing data which is to be 

reproduced by one time by said one of plural reproducing 

means selected by said selection means; 

detection means for detecting a data reproduction 

timing of said one of plural reproducing means selected 

by said selection means; and 
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storage control means for sequentially transferring 

the parallel data from said data storage means to said 

reproducing means and sequentially storing the parallel 

data output from said converting means to said data 

5 storage means. 

9. A data receiving apparatus according to claim 1, 

wherein said format data includes first format data 

denoting a data transmission rate and second format data 

denoting a data modulation mode. 

10 10. A data receiving apparatus according to claim 9, 

further comprising control means for controlling a 

reproducing process rate of said selected reproducing 

means in accordance with the first format data received 

by said format data receiving means. 

15 11. A data receiving apparatus according to claim 10, 

further comprising conversion means for converting data 

received by said receiving means into parallel data 

corresponding to the second format data received by said 

format data receiving means. 

20 12. A data receiving apparatus according to claim 11, 

wherein said conversion means comprises plural registers 

for used for converting received data into the parallel 

data and corresponding to data modulation modes. 

13. A data receiving apparatus according to claim 11, 

25 further comprising: 

data storage means for dividing the parallel data 

output from said conversion means into data items of 

DEF0000663 
IPR2020-00033 Page 02009



WO 97/24828 PCT/JP96/0J755 

82 

a predetermined unit and for sequentially storing 

divided data items; 

reading means for reading the divided data items 

from said data storage means in a storing order and 

5 supplying read data items to said one of plural 

reproducing means selected by said selection means! and 

storage control means for storing the parallel data 

output from said one of plural reproducing means in said 

data storage means at addresses of the divided data 

10 items read by said reading means. 

14. A data receiving apparatus according to 

claim 11 1 further comprising: 

data storage means for storing data which is to be 

reproduced by one time by said one of plural reproducing 

15 means selected by said selection means; 

detection means for detecting a data reproduction 

timing of said one of plural reproducing means selected 

by said selection means; and 

storage control means for sequentially transferring 

20 the parallel data from said data storage means to said 

reproducing means and sequentially storing the parallel 

data output from said converting means to said data 

storage means. 

15. A data receiving apparatus according to claim l, 

25 wherein said format data denotes a data interleaving 

mode. 

16. A data receiving apparatus according to 
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claim 15, further comprising conversion means for 

converting data received by said receiving means into 

parallel data corresponding to the format data received 

by said format data receiving means. 

17. A data receiving apparatus according to 

claim 16, wherein said conversion means comprises plural 

registers for used for converting received data into the 

parallel data and corresponding to data modulation modes. 

18. A data receiving apparatus according to 

10 claim 16, further comprising: 

15 

data storage means for dividing the parallel data 

output from said conversion means into data items of a 

predetermined unit and for sequentially storing divided 

data items; 

reading means for reading the divided data items 

from said data storage means in a storing order and 

supplying read data items to said one of plural 

reproducing means selected by said selection means; and 

storage control means for storing the parallel data 

20 output from said one of plural reproducing means in said 

25 

data storage means at addresses of the divided data 

items read by said reading means. 

19. A data receiving apparatus according to 

claim 16, further comprising: 

data storage means for storing data which is to be 

reproduced by one time by said one of plural rr:!producing 

means selected by said selection means; 

DEF0000665 
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detection means for detecting a data reproduction 

timing of said one of plural reproducing means selected 

by said selection means; and 

storage control means for sequentially transferring 

5 the parallel data from said data storage means to said 

reproducing means and sequentially storing the parallel 

data output from said converting means to said data 

storage means. 

20. A data receiving apparatus according to claim 1, 

10 further comprising format data storage means for storing 

the format data received by said format data receiving 

means until format data is received next. 

21. A data receiving apparatus according to claim 1, 

further comprising: 

15 ID code storage means for storing an ID code for 

20 

specifying paging of said data receiving apparatus; 

detection means for detecting the ID code from 

reproduced data while a reproducing process of said 

reproducing means continues; and 

interrupting means for comparing a detected ID code 

with the ID code stored in said ID code storage means 

and for interrupting the reproducing process of said 

reproducing means when a coincidence is not detected. 

22. A data receiving apparatus according to claim 1, 

25 which further comprises an interface for establishing a 

connection with an external device, and in which a 

receiving process of said data receiving apparatus is 

DEF0000666 
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performed in accordance with a control signal supplied 

from said external device through said interface. 

23. A method of deinterleaving data in which data 

received by plural rearranging circuits are reproduced 

5 into data comprising the following steps of: 

receiving format data; and 

selecting one of said plural rearranging circuits 

in accordance with received format data. 
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FIG.3 

REGISTER Rh I Ag I Rf Re I Rd I Re Rb I Ra 

LATCH 

B7 LhD7 LhD6 Lh05 Lh04 Lh03 LhD2 LhD1 LhDO 

66 LgD7 LgD6 Lg05 lgD4 LgD3 LgD2 LgD1 LgDO 

85 LfD7 LfD6 UD5 UD4 UD3 U02 Lf[)1 UDO 

84 le07 LeD6 LeD5 LeD4 Le03 LeD2 LeD1 LeDO 

83 LdD7 LdD6 LdD5 ldD4 Ld03 LdD2 LdDi LdDO 

B.2 Lc07 Lc06 LcD5 LcD4 LcD3 LcD2 LcD1 lcDO 

81 Lb07 Lb06 LbD5 LbD4 Lb03 LbD2 lb01 LbDO 

BO laD7 LaD6 LaD5 LaD4 LaD3 LaD2 la01 LaDO 
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FIG.4 

REGISTER Rh I Rg I Rf I Re J Rd I Re I Rb I Ra 

LATCH 
87 lhD7 LhD6 LhD5 lhD4 LhD3 Lh02 LhD1 LhDO 

W7a8 W7a7 W7a6 W7a5 W7a4 W7a3 W7a2 W7a1 
86 Lg07 Lg06 l~D5 Lg04 Lg03 LgD2 lg01 L~DO 

W6a8 W6a7 W6a6 W6a5 W6a4 W6a3 W6a2 W6a1 
85 UD7 Lf06 LfD5 UD4 Lf03 LfD2 Lf01 UDO 

W5a8 W5a7 W5a6 W5a5 W5a4 W5a3 W5a2 W5a1 
84 leD7 LeD6 Le05 Le04 Le03 leD2 LeD1 LeDO 

W4a8 W4a7 W4a6 W4a5 W4a4 W4a3 W4a2 W4a1 
83 ldD7 LdD6 LdD5 Ld04 ldD3 LdD2 ldDi LdOO 

W3a8 W3a7 W3a6 W3a5 W3a4 W3a3 W3a2 W3a1 
82 LcD7 LcD6 LcD5 LcD4 Lc:03 Lc02 LcD1 LcDO 

W2a8 W2a7 W2a6 W2a5 W2a4 W2a3 W2a2 W2a1 
131 LbD7 LbD6 LbD5 Lb04 lbD3 LbD2 lbDi LbDO 

W1a8 W1a7 W1a6 W1a5 W1a4 W1a3 W1a2 W1a1 
80 laD7 La06 LaD5 LaD4 LaD3 la02 laD1 laDO 

!WOaB WOa7 WOa6 WOa5 WOa4 WOa3 WOa2 WOa1 
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FIG.5 

REGISTER Rh I Rg Rf I Re I Rd j Re Rb I Ra 

LATCH 
B7 LhD7 LhD6 lhD5 LhD4 LhD3 LhD2 lhD1 LhDO 

W7c4 W3c4 W7c3 W3c3 W7c2 W3c2 W7ci W3c1 
86 LgD7 LqD6 Lg05 LgD4 Lg03 lq02 L~D1 Lg_D_Q ___ 

W7a4 W3a4 W7a3 W3a3 W7a2 W3a2 W7a1 W3a1 
65 Lf07 LfD6 LfD5 Lf04 lf03 LfD2 Lf01 UDO 

W6c4 W2c4 W6c3 W2c3 W6c2 W2c2 W6c1 W2c1 
84 LeD7 LeD6 LeD5 Le04 Le03 LeD2 leD1 LeDO 

W6a4 W2a4 W6a3 W2a3 W6a2 W2a2 W6a1 W2a1 
83 ldD7 LdD6 Ld05 LdD4 LdD3 ldD2 LdD1 LdDO 

W5c4 Wic4 W5c3 W1c3 W5c2 W1c2 W5ci Wic1 
82 LcD7 LcD6 lcD5 LcD4 LcD3 Lc02 lcDi LcDO 

W5a4 W1a4 W5a3 W1a3 W5a2 W1a2 W5a1 Wia1 
81 lbD7 Lbb06 Lb05 LbD4 LbD3 lbD2 LbDi LbDO 

W4c4 W0c4 W4c3 WOc3 W4c2 WOc2 W4c1 WOc1 
80 La07 La06 LaD5 La04 La03 LaD2 LaD1 LaOO 

W4a4 WOa4 W4a3 WOa3 W4a2 WOa2 W4a1 WOa1 
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REGISTER Rh Rg I Rf I Re 
! I Rd I Re I Rb Ra 

LATCH 

B7 LhD7 Lh06 Lh05 Lh04 LhD3 Lh02 Lh01 lhDO 
W7c8 W3c8 W7c7 W3c7 W7c6 W3c6 W7c5 W3c5 

86 LgD7 L9D6 LgD5 LgD4 Lg03 L9D2 Lg01 LgQQ_ 
W7a8 W3a8 W7a7 W3a7 W7a6 W3a6 W7a.5 W3a.5 

85 LfD7 LfD6 lfD5 UD4 Lf03 LfD2 UD1 UDO 
W6c8 W2c8 W6c7 W2c7 W6c6 W2c6 W6c5 W2c5 

84 Le07 Le06 LeD5 LeD4 Le03 LeD2 Le01 LeDO 
W6a8 W2a8 W6a7 W2a7 W6a6 W2a6 W6a5 W2a5 

83 LdD7 Ld06 ldD5 LdD4 Ld03 LdD2 Ld01 ldDO 
W5c8 W1c8 W5c7 W1c7 W5c6 W1c6 W5c5 W1c5 

82 
: 

LcD7 LcD6 LcD5 Lc04 LcD3 LcD2 LcD1 LcDO 
W5a8 W1a8 W5a7 W1a7 W5a6 W1a6 W5a5 W1a5 --

Bi lbD7 Lb06 LbD5 LbD4 LbD3 LbD2 lbD1 LbDO 
W4c8 WOc8 W4c7 WOc7 W4c6 W0c6 W4c5 WOc5 

BO LaD7 La06 LaD5 LaD4 LaD3 LaD2 LaD'1 LaDO 
W4a8 W0a8 W4a7 WOa7 W4a6 WOa6 W4a5 W0a5 
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REGISTER Rh Rf I Rf I Re I Rd I Re I Rb I Ra 

LATCH 

87 LhD7 LhD6 LhDS lhD4 lhD3 LhD2 LhD1 LhDO 
W7a4 W7a3 W7a2 W7ai W7c4 W7c3 W7c2 W7c1 

86 LgD7 LgD6 LgD5 LQ04 lgD3 LgD2 Lg01 LgDO 
W6a4 W6a3 W6a2 W6ai W6c4 W6c3 W6c2 W6c1 

85 Lf07 UDS LfD5 UD4 Lf03 lfD2 UD1 lfDO 
W5a4 W5a3 W5a2 W5a1 W5c4 W5c3 W5c2 W5c1 

84 LeD7 LeD6 LeD5 le04 Le03 LeD2 Le01 LeDO 
W4a4 W4a3 W4a2 W4a1 W4c4 W4c3 W4c2 W4c1 

83 LdD7 LdD6 Ld05 LdD4 LdD3 LdD2 LdD1 LdDO 
W3a4 W3a3 W3a2 W3ai W3c4 .W3c3 W3c2 W3c1 

82 LcD7 Lc06 lcD5 LcD4 LcD3 LcD2 LcD1 lcDO 
W2a4 W2a3 W2a2 W2a1 W2c4 W2c3 W2c2 W2ci 

81 LbD7 LbD6 LbD5 lbD4 LbD3 LbD2 LbD1 LbDO 
W1a4 W1a3 W1a2 Wia1 W1c4 W1c3 ·w1c2 Wic1 

BO La07 LaD6 LaD5 La04 la03 La02 LaDi laDO 
WOa4 W0a3 WOa2 WOa1 WOc4 WOc3 WOc2 WOc1 

MSB 
• I LSB 
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FIG.a 

REGISTER Rh I Rg Rf I Re I Rd Re I Rb I Ra 
i 

LATCH 
87 LhD7 LhD6 LhD5 LhD4 Lh03 LhD2 LhD1 LhDO 

W7a8 W7a7 W7a6 W7a5 W7c8 W7c7 W7c6 W7c5 
86 LgD7 LgD6 LgD5 LgD4 lg03 Lg02 LgDi LgDO 

---
W6a8 W6a7 W6a6 W6a5 W6c8 W6c7 W6c6 W6c5 

85 UD7 UD6 UD5 UD4 LfD3 UD2 LfD1 UDO 
W5a8 W5a7 W5a6 W5a5 W5c8 W5c7 W5c6 W5c5 

84 LeD7 LeD6 LeD5 LeD4 LeD3 LeD2 LeDi LeDO 
W4a8 W4a7 W4a6 W4a5 W4c8 W4c7 W4c6 W4c5 

83 LdD7 Ld06 LdD5 LdD4 LdD3 ldD2 ldDi LdDO 
W3a8 W3a7 W3a6 W3a5 W3c8 W3c7 W3c6 W3c5 

82 lcD7 LcD6 LcD5 LcD4 LcD3 LcD2 LcD1 LcDO 
W2a8 W2a7 W2a6 W2a5 W2c8 W2c7 W2c6 W2c5 

81 LbD7 LbO6 LbD5 LbD4 LbD3 LbD2 lbDi LbDO 
W1aB W1a7 Wia6 Wia5 W1c8 Wic7 W1c6 W1c5 

BO LaD7 LaD6 La05 LaD4 laD3 laD2 LaD1 LaDO 
WOa8 WOa7 W0a6 WOa5 woes W0c7 W0c6 WOc5 

MSB J_ LSB 
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FIG.9 

REGISTER Rh I Ag I Rf I Re Rd I Re Rb I Ra 
i 

LATCH 
137 LhD7 LhD6 LhD5 LhD4 LhD3 LhD2 Lh01 lhDO 

W7c2 W3c2 W7c1 W3ci W7d2 W3d2 W7d1 W3d1 
B6 Lg07 LgDG Lg05 Lg04 lg03 LgD2 LgDi LgDO 

W7a2 W3a2 W7a1 W3a1 W7b2 W3b2 W7b1 W3b1 
135 UD7 LfD6 LfD5 UD4 UD3 UD2 Lf01 UDO 

W6c2 W2c2 W6ci W2ci W6d2 W2d2 W6d1 W2d1 
64 LeD7 LeD6 LeD5 Le04 LeD3 LeD2 LeD1 leDD 

W6a2 W2a2 W6a1 W2ai W6b2 W2b2 W6b1 W2b1 
83 ld07 LdD6 LdD5 LdD4 Ld03 ldD2 LdD1 LdDO 

W5c2 W1c2 W5c1 W1c1 W5d2 W1d2 W5d1 W1d1 
82 LcD7 LcD6 LcD5 Lc04 lcD3 LcD2 LcOi LcDO 

W5a2 W1a2 W5a1 W1a1 W5b2 W1b2 W5bi W1b1 
Bi LbD7 LbD6 LbD5 Lb04 LbD3 LbD2 LbD1 lbDO 

W4c2 W0c2 W4ci WOc1 W4d2 W0d2 W4d1 WOd1 
BO LaD7 LaD6 LaD5 La04 LaD3 LaD2 la01 LaOO 

W4a2 WOa2 W4a"1 WOa1 W4b2 WOb2 W4b1 WOb1 

_____ M_S_B _____ J..,..., ____ L_S_B ____ •i 

DEF0000676 

IPR2020-00033 Page 02022



W097/24828 PCT/JP96f03755 

10/38 

REGISTER I Rh I Rg I Rf I Re J Rd I Re I Rb I Ra 

LATCH 
87 LhD7 lhD6 LhD5 Lh04 LhD3 Lh02 LhD1 LhDO 

i W7c4 W3c4 W7c3 W3c3 W7d4 W3d4 W7d3 W3d3 : 

86 lgD7 LgD6 lgD5 Lg04 lgD3 lgD2 LgD1 lgDO 
W7a4 W3a4 W7a3 W3a3 W7b4 W3b4 W7b3 W3b3 

85 LfD7 LfD6 UD5 UD4 UD3 LfD2 Lf01 UDO 
W6c4 W2c4 W6c3 W2c3 W6d4 W2d4 W6d3 W2d3 

B4 LeD7 Le06 LeD5 Le04 LeD3 Le02 LeD1 leDO 
W6a4 W2a4 W6a3 W2a3 W6b4 W2b4 W6b3 W2b3 

83 ldD7 ldD6 LdD5 LdD4 Ld03 Ld02 LdD1 LdDO 
W5c4 W1c4 W5c3 W1c3 W5d4 Wid4 W5d3 W1d3 

B2 LcD7 LcD6 LcD5 LcD4 LcD3 LcD2 Lc01 LciJO 
W5a4 Wia4 W5a3 W1a3 W5b4 Wib4 W5b3 W1b3 

81 LbD7 LbD6 LbDS Lb04 LbD3 Lb02 LbDi lbDO 
W4c4 WOc4 W4c3 WOC3 W4d4 WOd4 W4d3 WOd3 

BO La07 La06 LaD5 LaD4 la03 LaD2 LaDi laOO 
W4a4 WOa4 W4a3 WOa3 W4b4 WOb4 W4b3 WOb3 

I 
106. 

MSB LSB 
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REGISTER Rh Rg l Rf I Re I Rd I Re I Rb I Ra 

LATCH 
B7 LhD7 LhD6 Lh05 Lh04 LhD3 LhD2 LhD1 LhD0 

W7c6 W3c6 W7c5 W3c5 W7d6 W3d6 W7d5 W3d5 
B6 Lg07 lgD6 LgDS lqD4 Lg03 Lg02 Lg01 LgDO 

W7a6 W3a6 W7a5 W3a5 W7b6 W3b6 W7b5 W3b5 
85 LfD7 LfDG Lf05 LfD4 LfD3 LfD2 LfD1 UDO 

W6c6 W2c6 W6c5 W2c5 W6d6 W2d6 W6d5 W2d5 
84 LeD7 LeD6 LeDS LeD4 LeD3 LeD2 leD1 LeDO 

W6a6 W2a6 W6a5 W2a5 W6b6 W2b6 W6b5 W2b5 
B3 LdD7 ld06 ld05 Ld04 Ld03 LdD2 LdD1 LdDO 

W5c6 W1c6 W5c5 W1c5 W5d6 W1d6 W5d5 W1d5 
82 Lc07 LcD6 LcDS LcD4 lc03 LcD2 Lc01 LcDO 

W5a6 W1a6 W5a5 W1a5 W5b6 W1b6 W5b5 W1b5 
81 LbD7 LbD6 LbDS Lb04 LbD3 Lb02 LbD1 LbDO 

W4c6 WOc6 W4c5 woes W4d6 WOd6 W4d5 WOd5 
BO La07 LaO6 LaDS laD4 LaD3 LaD2 LaD1 LaDO 

W4a6 WOa6 W4a5 WOa5 W4b6 WOb6 W4b5 WOb5 

I- MSB LSB 
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FIG~12 

REGISTER Rh Rf I Rf I Re I Rd 
I I Re I Rb I Ra 

LATCH 

B7 lh07 lh06 lhD5 Lh04 Lh03 lh02 lhDi lhOO 
W7c8 W3c8 W7c7 W3c7 W7d8 W3d8 W7d7 W3d7 

86 Lg07 Lg06 LgD5 lgD4 Lg03 Lg02 Lg01 LgDO 
W7a8 W3a8 W7a7 W3a.7 W7b8 W3b8 W7b7 W3b7 

85 UD7 LfD6 LfD5 LfD4 UD3 UD2 U01 LfDO 
W6c8 W2c8 W6c7 W2c7 W6d8 W2d8 W6d7 W2d7 

84 leD7 le06 LeD5 Le04 Le03 Le02 Le01 LeDO 
W6a8 W2a8 W6a7 W2a7 W6b8 W2b8 W6b7 W2b7 

133 ld07 ldD6 Ld05 LdD4 ld03 LdD2 Ld01 LdDO 
W5c8 W1c8 W5c7 W1c7 W5d8 W1d8 W5d7 W1d7 

82 Lc07 Lc06 Lc05 Lc04 lc03 LcD2 Lc06 LcD6 
W5a8 W1a8 W5a.7 W1a7 W5b8 W1b8 W5b7 W1b7 

Bi Lb07 lbDG LbDS LbD4 LbD3 Lb02 LbD6 lbD6 

I W4c8 WOc8 W4c7 WOc7 W4d8 WOd8 W4d7 WOd7 
BO LaD7 la06 la05 laD4 La.03 La02 la06 La06 

I W4a8 WOa8 W4a7 W0a7 W4b8 WOb8 W4b7 WOb7 

I--~ __ MS_B ____ l~ __ L_SB ___ ~I 
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y WO 92 22162 A (BRITISH TEL[COMM) 10 4.5 
December 1992 

A see abstract 1-3.5,9 
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US 5 158 493 A {NELSON LEONARD E ET AL) l 
Deceooer 1992 
see page 2, line 4 - line 45; claims; 
figures 

US 4 816 820 A (DAVIS WALTER L) 28 March 
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see abstract 
see column 2, line 5 - line 28 
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see claims; figures 

EP 0 344 149 A (MOTOROLA INC) 6 December 
1989 
see column 3, line 8 - line 47 

US 5 196 842 A (GOMEZ FERNANDO A ET AL) 
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US 5 309 154 A (MUN KYUNG T ET AL) 3 May 
1994 
see column 2, line 35 - line 60 

US 5 347 268 A (NELSON LEONARD E ET AL) 
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claims; figure 1 
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(21) International Application Nnmh1.,,i-: PCT/SE98/QO i 97 

(22) Int,mmtional Filing Date: 3 Febrnary 1998 (03J)2.98) 

(30) Priority Data: 
08/801,386 20 February i 997 (20.()2,97) us 

(71) Applicant: TELEFDNAKT!EBOLAGET LM ERICSSON 
(publ) [SE/SE]; S-126 25 Stockholm (SE). 

(72) Inventors: LABONTE, Sylvain; 380, Raymond, St-Bruno de 
Montarville, Quebec J3V 2S7 (CA). TURCOTTE, Eric; 
Apartment l B, 460, Abelard. Verdun, Quebec H3E !B5 
(CA). 

(74) Agent: ERICSSON RADrO SYSTEMS AB; Common Patent 
D~pt., S-164 80 Stockholm (SE). 

27 August l 998 (27.08.98) 

(81) D;;signated States: AL, AM, AT, AU, AZ, BA, BB, BG, BR, 
BY, CA, CH, CN, CU, CZ, DE, DK, EE, ES. FI, GB, GE, 
GH, GM, GW, HU, JD, lL, JS, .JP, KE, KG, KP. KR, KZ, 
LC, LK, LR, LS, LT, LU, LV, MD, MG, MK, MN, rvIW, 
MX, NO, NZ, PL, PT, RO, RU, SD. SE, SG, SJ, SK, SL, TJ, 
TM, TR, TI, UA, UG, UZ, VN, YU, ZW, ARIPO patent 
(GH, GM, KE, LS, MW, SD, SZ. UG, ZW), Ellrasian patent 
(AM, AZ, BY, KG, KZ, MD, RU, TJ, TM), European patent 
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Published 
With international search report. 
Before the expiration of the lime !imitfor amending the claims 
and to be republished in the event of the receipt of amendments. 

(88} Datf of publication ofthe intel'natfonal search nipod: 
12 November 199!! ( 12. I J.98} 

(54) Title: SUPPORT OF MULTlPLE MODULATlON LEVELS FOR A CELLULAR PACKET CON1ROL CHANNEL 

(57) Abstract 

A D--AMPS+ cellular comm11nications air interface (50) is presented wherein a packet data control channel (40, 60) and packet ,iata 
trnffic channel ( 42, 62) are suppmted in addition to the conventional digital control channel (20) ,md digital traffic channel (22, 64), fn 
particular, the packet data control chann,,l and packet data traffic channel support multiple modulation level op,,rntion (high versus low). 
Procedures are provided for mobile station selection, as wel.l as re-selection ( 102, l 10), of either the high or low-level modulation for the 
packet channels. Procedures me further provided for facilitating a fall--forward (158, 164, l9ll, !94) to the high-level modulation packet 
data control channel, or a fal1-backward (222, 232, 254) to the low--level modulation packet data control channel with respect to both uplink 
and downling packet data communications. 
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(21) International Application Number: PCTiUS98/l l l07 

(22) International Filing Date: I June 1998 (0l.06.98) 

(30) Priority Data: 
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(71) Applicant: I:NTELOGIS, INC. [US/1JSJ; Suite !08, 12257 
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(54) Title: J]\:U'ROVED UNIVERSAL LAN POWER LINE CARRlER RF.'.PEATER SYSTEM AND rvrETHOD 

(57) Abstract 

An improved local area network (LAN) to power line carrier (PLC) interface and protocol using FSK is described. This system 
provides improved data symmetry, higher data rates, lower bir error rates, improved synchronization and alignment of dati, as well as 
improved carrier detection, The system provides high speed frequency shift ke.y (FSK) modulation over the power line to achieve high 
data rates. Perfonnance may be further improved by using a novel combination of FSK modulation and differential shift key (DFSK) 
modulation to provide an improved local area network (LAN) to power line carrier (PLC) i11terface and protocol using FSK and DFSK. 
DFSK is described and shown to provide improvements in the modulation and demodulation of data transferred over digital networks. 
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Field of the invention 

.,. 
IMPROVED UNIVERSAL LAN POWER LINE CARRIEH 

REPEATER SYSTEM AND METHOD 

Background of the Invention 

PC'I'/US98/11 107 

This invention reiates to Power Line Carrier (PLC) Local Arna Network (LAN) rnpeaters in which l.At~ 

signal/data are transferred over the existing power lines of a building via power line carrier rather than through 

special cables which must be instailed professionally. A PlC l.AN repeater must {a) interface effectively with the 

LAN and its 1not•cols, (b) achieve data rates over the power lin0s which am at 11:ast an •rdsr of magnitude faster 

than those of prior art PLC systems mid !c) provide acceptable operation to a plurality of users. While many LAN 

·10 {includin11 Arcnet. Token Ring and fiS.485) are in use and may •e serniced by the instant invention, the Ethernet LAr~ 

wiil be examined to ililistrnte the interface and data rate rnquiremsnts for this invention. 

Mme specifically, this invention rniates to systems for PLC LAN repeaters which employ a differnntiai 

frequency shift ksy (DFSK! technique to increase data rates and noise immunity and system reliability. The uss of 

DFSK technology impron!s the performance of PLC LAN rcpE:aters by improving adge rnsolution; rsd,u:in\1 the effocti11e 

15 bandwidth requirements of the transmitted signal, thereby permitting increasE:d data rate or narrower filter bandwidth; 

rn1lucing the temperaturn coefficirnt and tuning requirements by AC coupling of the analog data; reducing startup 

transiems in tho data slicer; rnjm:ting noise on the marking frequency; permitting spm:iai charnctms for comiirnssion 

or control purposes. This invention incorporates a number of other improvements over the exis;ing rnchnology, 

including: improved RF and IF filters to increase the data rate; synchronization of the data rarn clock with the 

20 carrier frequency; a realignment bi1 evary ninth bit; a group krrnwlr:clge (ACKi which is frequency shift keyed {FSK) 

at a lower data rnte; and carrier detection is accomplistrnd without usr: of a Receive Signal Strength Indicator (RSSI), 

using special preamble and start characters. These improvements provide a compiete modulation and demodulation 

system !or PLC wiih significantly enhanced data quality. 

25 

Description of Related Art 

The Ethernet IEEE 802.3 standard provides for mechanical and electrical standards end protocols for multiple 

users to share ("r1etwo;k") data transfer access to a common transmission medium or bus (the ·'ether" of a cable) 

but still maintain acceptaole data access times and trnnsmissrnn rates. A user accesses the network through ilis 

node on the network, which is usually his computer/workstation with e hm dwarn LAN interface physicaily connected 

to the nE:iwmk cable as tha node. Proprietary network suftwarn (such as NetWarn and Windows for Workgrnups) 

30 runs with the workstation's operating system to manage the interface between the user's applications and the 

network. Individual users am provided unique ID/address codes so that an!y messages with the correct address 

preambie may be accepted and routed into their node/workstation while ignoring al! othms. The pro10cols also 

provide tor detecting and managing collisions between the plurality of network users seeking simult::meous access 

to the network so that only one user may sefely transmit data at a time. The software for implementing tiiis Carrier 

35 Sense Multiple Access with Coilision Detection pmtocol (CSMA/CD) is usually divided between firm embedded in the 

Ethernet interface cards and the proprietary workstation softwarn. 
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IN a peer-to-peer network configuration, two or morn workstations may be networked tc1111:1her. Ea1:h user 

may commtmicr.te with any other user with network protocols arbitrating darn collisions when more than on~ user 

seeks to initiate communication at a time. In the Ethernet specification, when a coliision is detected, each user 

interface backs off for a "random" time before rnatternptin!J access 1CSMA/CD). In a cliem-file ser~er confi;1ura1ion, 

5 each user communicates vvith the server as well as directly with other users. Arbitration takes place between the 

users and the server. 

Since a large number of users results in frequent data transfers as well as collision arbitration, the data 

rate of Ethernet must be very high to accommodate acceptable transmission tirrm delays. Consequently, the lEEE 

802.3 standard provides for dat3 transmission at the rate of 1 DMhps in packets of no more than 1,500 bytes. Such 

10 speeds are three orders of rnagnitudll beyond prior art PLC data communicationllMJ ter.imology. 

In addition, Ethernet mechanicai standards wovide for bidirectional communications either by coaxial cable 

/"thin/thick net") or by dual sets of Unshielded Twisted Pairs {one for each direction of data flow) called UTP or 

"10baseT" cable. Coaxial interfaces utilize a transceiver to interface be.ween the bidirectional digitai data 01 one 

computer and the Hf d:11 a modulated signals of the coax/thin net The 10Base T medium accommodates tirn 

15 ilidirectiona! data mare directly bv using 2 sets of twisted pairs (one for transmit and ane for receive data). To 

achieve 1 •Mbps data throughput an interface standard similar to RS-485 (CCITT V.11) is employed, which provides 

for balanced, isolated and low impedance transmitters and differential receivers. The RS-485 standard prmrides for 

up to 32 transmitters and rnceivers networked on the same data line. Bath coaxiai and UTP communications 

interfaces/LAN cards have been reduced to low cost high performance commerciai products sourced by many 

20 companies. 

The problem with lAN systems such as Ethernet is the installation expense for the cables which can exceed 

$10(1 per "node" or user. Often the old comrne1cial strncturns are prohibitively difficult rn retrofit Other companies 

are periodicaily requiring reconfiguration of office space to accommodate changing commercial needs and rnquirn a 

less expmisi11e and more friendly method for connecting and reconfiguring workstatmns to their LAN. And there are 

25 limitations as to tile length of cable one can use. The instant invention provides a cost effective alternative to 

special cable installation by "repeating" the network via power iine carrier data transmission over the AC power lines 

of a premises. 

RF Lil.N repeaters have been offered in the 900 MHz range where sufficient bandwidth is available to 

transmit the 10Mbps signals. Howtm.ir, the 900 MHz systems am not only prnhibitiv1:ly expensive (a1 $600-800 

30 per node) but also exhibit prnpagation problems and interference in commercial buiidings where LAN systems are mr.st 

commonly used and !he software for managing a large number oi users has been unacceptable, which {in addition 

to high cost) has d2trncted seriously from their widespread prolifarntion. 

Summary of the Invention 

The instant invention, however, provides both tne interface for the commercial LAN card/port as well as 

35 the PLC repeater system capable of transferring data packets at sufficiently high rams and with collision 
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dernctian/prnveritian firmware for transparency with respect to small and medium sized LAr~ systems at a c•mpetifive 

cast. 

Tile PLC rnpeater/trn11srecei1rer comprises bath a novel rlata transmitter and advanced data receiver with 

over 91l dB of !Jain, which together am capable of hit1l1 bandwidth/data rate Frequency Shift Key {FSK) transmission 

5 data rates of DC to over 2 Mbps (million bits per second). RF PLC frnguencies of 2-20 MHz combined with sufficient 

transmitter power and receiver sensitivity achieve adequate signal to noise ratios in AC power systems with high 

attenuation and noise. The over-90 dB sensitivity/RF rnnge permits proper data transmission over the 3-phase power 

distribution system in industnal 111,taliations with capacitive loads and electrical equipment inducecl noise. The RF 

carrier frequencies in combination with the receiver sensitivity perrni! the signals ta jump phases in residential 2-phase 

10 and industrial 3-phase distriblltion sysrnms by means of the capacitance batw0en 1ihases in the wiring. Tlrn hitihly 

deviated (greater than 1 OOkHzi FSK signal in combination with the high Rf- carrier frequency and 3 stages of RF and 

IF filrerir,g in the receiver makes 1he data transmission very robust in the presence of electrical interternnce. 

Milltipie transceivers am capable of simultaneous opernti•n at difternnt RF carrier frequencies, permitting 

foll duplex serial communication as well as multiple networks operating without interference on the same power line 

15 bus. 

The LAN interface comprises 2 subsystems: (1 l a bidirnctionili LAN card or part interface {a) for receiving 

(and storing in buffers) outu•ing data packets in the LAN system format from a usm's workstation for transmission 

10 01her LAN users and {b) !or returning data packets in the LAM format to the same workstation cardiport from 

other users, and {2) an asynchronous serial data transceiver (wi,h data buffering) which {al drives the PLC data 

20 transmitter witb the outgoing data packets stored in the butter by the port interface and {bl rnceives incoming d.ita 

from the PLC data rnceiver ori!linating from other users. The serial data transceiver is contrnlled by a system 

cont rniler with firmware iii to arbitrate rnllisians on the power line data bus with other users and (ii) to manage the 

bidirectional tiansfer of date packets: OUTGOING from LAN interface to serial da1a transceiver and INCOMING from 

serial data transceiver har.k to LAN interface. Gmnmerr.ial contrnllers are available fm managing the entire repeater 

25 which contain both the asynchronous PLC serial port and some LAN interface ports such as RS-232 and flS-485, 

as we!I as parallel ports. 

A relatively simple and low cost PLC LAN repeater networks workstations through their standard serial ports 

using software such as NetWare Lite. The PLC lArJ repeater consists of a law cost but competent microcontrnliar 

with (1) an RS-2320 port n 15.2Kr.mid) for r.onnecting a built-in serial port 10 ttm users and (2) an asynchronous 

30 seriai communications port which connects to the PLC transceiver. The onboard controller iirmwarn manages the 

storage and retransmission of data packets in addition to collision arbitrntian and detection on the PLC bus. The 

PLC LAN rnpeater thus converts a two-user RS-232 peer-lo-pe!!, rmtwmk into a more-than-two user network Oike 

RS-435) without the user having to by a \mare expensive and less common) RS-485 type of interface. The data 

rate for PLC bus could be 10 times higher than the limited 115.2 Kbaud or the conventional seria! port. making this 

35 kind at PLC bus network capable of handling much larger data trnffic than is possible with an ordinary RS-232 serial 

port network. 
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Altemiativeiy, personal computers (PCs), printers and other electronic devices can be networked tog!lfhar 

using this invention through standard parallel parts using standard interi ace protocol software and controllers, 

including but not limited to Windows 95. 

The prnlifm~tion of embedded ccntrollers in a plethora of aiectrical/electronic equipmemt can be effectively networked 

5 with control maintenanceisecurity systems via PLC LAN repeater subsystems also embedded in the equipment, which 

repeaters network the serial p01t of tile embedded controllers to a PLC LAN bus via H;e existing power cord of the 

equipment and the power distribution system of a premises. The inventors have applied this same concept at 

embedded PLC LAN repeater to many types at computers and rnlamd products, modems, industrial con1rnl systems 

and utiiity metering equipment. The instant invention facilitates tha higher data rates and transmission integrity 

10 required by thesil systems. 

For tArJs using the RSA85 ports, a high-speed 485 int,nface is provided together with a controller for 

converting the data to PLC trnnsceivr:r compatible rates and format. 

A morn complex confi!Juraiior. for Ethernet illustrates the scope ol apniirntion of the universai repeater and 

utilizes a commercial Ethernet interface chip in combination with a micrncontrnl!er with global hi!Jh speed 

15 communications port for servicing the PLC transceiver. This provides a trnnsparnnt PLC repeater which connects 

ta the standard Ethernet ports of a workstation and, with NO additional software or hardware, permits muitiple users 

to network over the existing power iines ot a premises. 

The versatility of contigurntions aiso supirnrts Tr:ken Ring and Arcrrnt protocols, chiefly because the PLC 

trnnscei\fer is competem enough til handle sufficiently high data rates to permit transparent operation for smaller 

20 segments of Hrn rrn1work. 

Qbjects 

Accordingly, it is an object ol the invention to provide ar. advanced method and system of high data rate 

power line cmrier transmission which supports the data rams rnquirmi by local area networks. 

lt is an object to provide a method and system of interfacing power line carrier repeaters with conventional 

25 network cables or cards to convert LAN data to PLC rnpeater acceptable data and to convert PLC repeater ilata to 

LAN data. 

!t is a further object to provide a method and system of arbitrnting multiple PLC LAN repeaters to µmrnit 

efficient and exclusive amiss to e particular lrequerncy/channel of the power line medium. 

It is an object to provide a PLC transceiver which s1mds data with a bandwidth of DC rn over 2 Mbps and 

30 which is therefore able to transfer wideband analog signals/data ot DC to over 1 MHz bandwidth. 

it is an abject to provide an ~mbedded PLC network repeater system capable ot bei11g interfaced with 

embedded contrnl!ers in equipment for ,mtworking said equipment with outorna1ior., control and diagnostics systems 

and generni network services. 

It is a further object of this invention to prn11ide an embedded PLC network repeater system having an 

35 improved modulation technique, known as Ditferential Frequency Shift Key (DFSKI in conjunction with Frnq1rnncy Shiit 

Key (FSK) which is able to trigger data state changes with much improved resuilltion. 
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A :.t:11 further object of this invention is to provide an embedded PLC network repeater system having a 

OFSK moduiation technique which by centering mare energy around the carrier frequency minimizes the effective 

bandwidth required for a given date rnte. 

A funher object of this invention is to provide an embedded PLC network repeater system employing 

5 improved RF end IF filters to provide wider and flctter pass bands while maintaining svstern data reliability with 

changing data composi1ions. 

10 

15 

Another object of this invention is to prnvid!l an embedded PLC network repeater system employing a 

realignment bit at the end oi each data hyte to aid the rn-synchronirn1ion of the receiver, thereby permitting 

increased data rntes. 

Another object of this invention is to provide an embedded PLC nutwork rnpeat.r sys1em with improved 

carrier detection and acknowledgment techniques. 

An additional object of this ir:vention is to provide an irnprnved modulation and demodulation technique, 

known as Differential Frequency Shift Key {OFSKL for al! networking media or electronic communications systems. 

inclt1ding RF and wired media. 

Additional objects, advantages and novel features of this invention will be set forth in part in the description 

wh:ch follows, and tn part will become apparent to those skilled in the art upon examination of the fo!iowing or may 

be learned by the practice of this invention. The abjects and advantages of this invention may be realized and 

attained by means ai the instruments End combinations panicularly pointed out in the appended claims. 

These and other objects of the invention am achieved IJy an electronics system, which in its present 

20 preferred embodiment employs an irmovaiive Differential Frequency Shift Key (!)FSK) moduiation technique to improve 

30 

the reliability and achievable data rates of Local Arna Network {LAN) cammunir.atian between digital computer 

workstations across Power lines or Power line Carrier iPLC) mediums. While the preferred ambodiment of the 

system is de.signed to operate at data rates of up 10 2 million bits per second (2Mbps), uven higher data rates are 

possible with same envisioned enhancemems, and very high noise, jitter, temperature, and voltage drift immunity. 

Brief Description of the Drawings 

Fi11ure 1 is a diagram of a PLC LAN repeat1,r network. 

Figure 2 is a block diagram of a PLC LAN rn1matm. 

Figure 3 is a schematic of a l.AN to Repeater Interface. 

Figure 4 is a schematic of a PlC Repeater Transceiver. 

Figure 5 is a schematic of a standard quadrature detector far the demodulation of FSK carrier signals. 

Figure 6 is an illustration of the voltage output from the quadrnturn detector buffer ampiifier 5-54 (Vq,.05-

59), showing the variance of the voltage level with hequency change. 

Figure 7a shows the schematic of a OC,coupied FSK data comparator. Figure 7b shows the ideal operation 

of the DC-coupled FSK data comparator. Figure 7c shows the operation of the DC-coupled FSK data comparator 

35 when there is signal drift. 

Figures Ba, 8b, and Be illustrate the operation and disadvantages of tile traditional FSK data slicer 8-70. 
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Fi11ure 9a illustrates the DFSK data detector of the preferred embodiment of the invention which overcorr1es 

Hrn i\mitati[lns of prior detectors. Figure 9b shows the nature ol [JFSK V,ua; signals as they are detected by a 

quadrature detector. Figure 9c shows the effect of temperature ar data composition on the operation of the Of-SK 

data detector. Figurn 9d depicts a further mod:ficmi1m/e11har1cemim1t of the DFSK demodulator. 

5 f·igurn 10 illustrntes a comparison of the frequency spectrum of FSK with DFSK modulation and illustrates 

10 

the improved bandwidth requirements of DFSK over FSl{. 

Figure 11 illustrates ihe implementation of •FSK modulation using a 5-state digital state machine. 

Figure 12 illustrates a state machine improvement where the data rate is synchrnnirnd with the carrier 

frnquency. 

Fi11ure i 3 is a MC1'.i158 rnwivm data book chart for the RSSI response which shows a limiting 

charncterisric RSSI detection schemes and protncels based or, RSSI signals. 

Figure 14 illustrates several improvements achieved with the Acknowledge Comparator. 

Fiiiure1 15 depicts a typical V,oact. data and FSK ACK Data waveform which illustrates how OFSK permits 

the compatible 1m of FSK to produce special characters for group acknowledgment in a network. 

15 Detailed Description of the Preferred Embodiment 

A universal local area network (LMJ) power line carrier (PLC) repeater system and method is described 

which provides: ( 1) a competent LAN repeater interface for com;ertit1!J high•speed LAN data to PLC serial data and 

high 0 speed PLC serial dat;, to LAN data, (2) a high-speed PlC data trnnsce:ver for exchanging PLC data with other 

repeaters. and (3) a control system and method for contrnl!ing the interface and transceiver to arb11rnte data 

20 communications on the PLC bus among the plurality ot PLC repeaters. In the foilowing description, the Ethernet LAN 

PLC repeater is set forth in specific detail in order to provide a thorough understanding of the invention in a non

trivial application. It wiil be apparent to one of ordinary skill in the art that these specific details are beyond what 

is necessary rn practice the presant invention. Ir. other instances, weli-kn•wn circuits, interfaces and software 

structures have nr,t been showr1 in detail in order Mt to unnecessarily obscure the prnsent mvention. 

25 Re!ernnce is first made to Figure 1 in which a plurality of workstations are networked rngether by means 

oi PLC rnpeater sand the AC power system oi a premises. Workstation 1.·1 with its corresponding LAN r.r.rd is 

connected via UTP i "2 tc LAN-PLC repeater 1-3 to the AC power line 1-4 of a premises which constitutes a PLC 

LMJ bus in addition to distributing AC power to the various appliances, equipment and workstations (1-1, 1-7, 1-10) 

at the premises. Data from workstation 1-1 is repeated onto the PlC LM~ bus 1 •4 in proper format for LAN-PLC 

30 repeater 1-5 to receive said data and repeat it in LAN format via UTP i-6 to workstation 1-7 and its rnrrespnnding 

LAN card. Workstations 1-1, 1-7 and 1-10 are operated by commercial LAN software which, al a minimum, supports 

a peer-to-1mm r.onfigurnti•n of users, thus perrnitti11!J message,, and files to be transferred between any two peers 

of the network. The LAN PLC repeater permits said data to be trcrnsierred between workstations "transparently," 

that is, without any additional effort or special instructions/software on the part of the workstation and its operating 

35 system, Therefore, workstation 1-7 receives the data originating from workstation 1-1 and confirms receipt thereof 

back to 1- l via UTP 1-6, repeaters 1 "5, AC power bus 1-4, repeater 1-3 and UTP 1-2. 
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While twn workstEtions networked together peer-10-peer constitute the minimum configuration of a network 

aml do net require sophisticated network arbitrat!an. many commercial network products assume that additi•nal 

worksta1ions, represented by 1-10, may be connected to trrn network. seeking network access simultaneDus with 

other workstations and rnquiring CSMA/CD. in a PLC LAN repeater, arbitration protocols peculiar to the PLC 

5 em1imr.ment need to be serviced transparently to the workstafo11s/usars. 

Figure 1 also illustrates a segmented bus configuratmn comprising both a conventional hard·wired LAN bus 

segment 1-12 network and a PLC LAN imerface 1-11. In this example, thr: LA~J bus 1•12 nmworks physically 

proximate workstations together (not illustrated), while the Pl C bus segment 1-4 could network physic,illy ltlss 

prnximate nr more mobile workstations 1 · 1, 1-7 and 1-10 to the network via PLC-LAN 1ntarface 1-11. Interface 1- i 1 

10 is a!so a "repeater" similar in hardwarn to rnpeater 1-3, but may include scttwarn/firmware which identifies and 

repeats only thusa LA~l packets/data :addrnsse!i t!l wmkslations 1-1, 1-7 and 1-10 011 the PLC Lf\N segment 1-4, 

thBrnby rnducing the data tratfic load 011 said PLC seumant 1 ·4. in large networks involving many workstations, a 

plurality of PLC LAN segments 1-4, each operatmg an its e}clus1ve PLC frequency and servir.ed by its respective PLC

LAN interface 1-11, may be networked together tly means oi the instant invention, while sharing the AC power 

15 distribution bu, through frequency domain rnu!tiole access ilr other mu!tipiE! techniq!ias such as code division multiple 

access. 

Refarring slill to Figure 1, other communication devices besides workstations may be represented by 

workstati[lns 1-1, 1-7 and 1-10. For e}amp!e, embedded microcuntrn!im 1-1 and 1-7 with communication ports 

could be netwmked through embedded repeaters 1-3 and 1-5 with a host contrn!ler 1-10 which monitors/controls 

20 the operation at the equipment hosting said micrncontrollers. A relatively simple network communication and 

arbitration Drotocol cnuld be administered by said tlost repeater 1-8. Such protor.ois have been developed for 

appiications such as utility memr reading and industrial control systems. 

Figure 2 is a block dic111ram of a LAN PLC Repeater 1-3. The LAN connection 1-2 to repea1er 1-3 ls made 

at RJ.45 cmmectar 2-1, which is operatiiy connected via connect!•ns 2-2 and isolator 2 3 to tila oii!erenlia! transmit 

25 and receive ports 2-4 of LAN imertaca IC 2-5. Network Interface Controller (NIC) 2-5 (data sheets may be found 

in National Semiconductor's local Arna Network Databook, incoqiornted by reference) is a generic, multiple-sourced 

part which is common tc most sophisticated lA~J networks and contains tho hardware registers, connections and 

logic/firmware to transmit and receive high bit rate lf\N signals with standardized prnamblas, packet sizing and 

CSMAiCO collision arbitration. A mndard RAM (Random Access Memory) 2-6 sufficient size is operatily connected 

30 to rJIC 2-5 via memory address and data bus 2-7 to stern incoming and outgoing data packets: i1) incoming packets 

which have been received from LAN connection 1-2 and are waiting to be transmitted further by µG 2-9 ancl (2) 

outgoing packets which were rnceived by pC 2-9 and am waiting to be transmitted back through LAN connection 

2-1 to the network 1-2 or LAr~ card of a workstation 1-1. The repeater is controlled by µC 2-9, which is ~perably 

connected tn MC 2-5 via control, data and address lines 2-8, permitting rhe µC 2-9 to setup and control the r~IC 

35 2-5 and transfer data packets bidirectionally into/out •f the packet buffer 2-6. Ir. addition, pC 2.g has 

communication parts, both parallel and saria!, for communicating LAN data with wired and/or PLC interfaces. Same 
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commsrciai µC's, such as the Intel B:1C152 (an 8031 ciarivative, data sheets for which rney be found in Intel's -Bit 

Embedded Microco11trnller Handbook, inr.r,rpornted by reference) contain high-speed Giobal Serial Channels {GSG) 21 O 

which are capable of 0.1 - 10 Mbps serial data uansfer with CDMA/CD protocol registers and firmware at a 

reasonable cast, which facilitates data ii• for a high-spesd PLC transceiver i2-11 through 2-17 or Figure 4), which 

5 is apernbly connected to the global series channei 2-10. Transmit data TXD from the incoming packet buffer 2-6 

modulates an RF carrier at modulator 2-11 which drives transmitter 2- 12. which trnnsmitter 1s aperably connected 

to the power line bus 1-4 via Filter 2-13 and HF coupler 2-14. Transmitter 2-12 is turned ON by transmit enable 

TXE only when data is transmitted, thus rn!iucing the RF traffic an the AC line 1-4 during latent periods. Data 

receiver 2-16 is oµernbly connected to AC bus 1-4 via RF collpler 2 14 and filter 2-15. Data-modulated RF from 

10 similar repeaters carried i:ly power line 1-4 is received by the receiver 2-16, buffer by high-sp,rn1i comparator 2-17 

and transferred as RXD to globai S!Hial port rncei\fer 2-1 Owhern µC 2-9 semens the preamble! for ID cml,!s/addrns,es 

and arbitrates the diita for transmission on to the U\N interface. Unique ID codes repeater addresses may trn either 

manual!y entered by dipswitch or ,rntomakaliy assigned by network surervisory software under automatic m user 

controL For exampie, manual entry m code switches 2-22 apernbly connect to a port at the µG 2 9 via lines 2 21, 

15 and may be used to unique!y identify address and security bytes in preambles and/or determine arbitration backaff 

delay times, etr.. Factory-burned lD codes can also be obtained with specialty or ASIC designs. 

Figure 2 also illustrates alternate LM and data sources for the PLC repeater. The µC 2-9 pro11ides a 

standard serial comm port 2-20 which connects to a s,!rial 11ort interface 2-19 arid connector 2-18, con!igurin1; 

repeater 1-3 into m1 RS-2320 UUJ repeater, in which H1e PLC clata transcei11er operates at substantially hit1her data 

20 rnt0s ithan the 115.2Kbaud RS-2320) to unburden the AC powar bus 1-4 LAN. (The Network Interface Controller 

and associated parts wmild be removed, it unused in this alternate embodiment.) iN some network canfigmations, 

parallel port interface components could be operabiy connecrnd in place of serial components 2-18 and 2-19 to a 

parallel port on µG2-9. Alternately, the GSC port 2-10 could be opernbly connected to an RS-485 LAN via a 2-19 

interface like the LTC490, while the µC serial port 2-20 T~D and RxD lines could be operaiJly connected to the TX• 
25 and RXD 1/0 2-11 and 2-17 of 1he PLC transceiver. In its simplest embodiment, the TxD and f"Ml iines 2-20 may 

be opernbly connected to TXD and RXD lines 210, providing a repeater requiring µC; PLC transmitter 2-12 and 

receiver 2-16 have been operated simuitaneously an different carrier frequencies to provide foil dupiex serial operation, 

if required by the LAN application. Aiternately, the transmitter in a no µC system may be enabled oniy when data 

is trnnsmitted, to permir PLC LAN operation with a singie frequency. 

30 Figure 3 presents a detaiied working schematic of the lf,N interface and 10 Mbps to 1 Mbps converter. 

Jl 2-1 is the RJ-45 connector to tile LAN !ins/card of a workstation. U3 2-3 is the Isolator/Filter for Ethernet 

10Mbps lines. U 1 2 5 is the NlC chip, a 1Jationa! DP839•2A, the complete specs for which am found in Natiorrnl 

Semiconductor's local Arna Network !Jatilbook, already incorporated by reference, whir.h also contains comprehensive 

dacurmmtalion on the Ethernet IEEE 802.3 standard. Several Network Interlace Contrnllars are available from various 

35 manufacturers fm Ethernet as well as other popuiar network standards, such as Arcnet and Taken Ring, which may 

be operably connected to µC U6 2-9 in place of Ethernet NIC 2-5 and the correspomling connectors 2-1 through 2-4. 
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Referring stili to Figure 3, an BKhyte RAM packet b11ffer U5 2 6 is opernbly connected via address latch U 7 327 

to the memory address arid data parts of NIC 2-5. The size of buffer 2-6 may be eniarged or reduced somewhat 

to accommodate network data capacity. system operation and budgetary constraints. Repeater µC UB 2-9 is 

opmbly interfaced with NIC U1 2-5 via latches, U13, U14 3-25 & 3-26 and PAL U15 3-28. The timing diagrams 

5 and PAL 3-28 logic diagram am i!ppended hernwtth in Appendix B. Additional functions 20 MMz clock 3-29, 10 MHz 

divider 3-30, status drivers 3-31 and status indicators 01, 02. ar.d 03. While one errnbli~g embodiment has neen 

represented, those skilled in the art wdl apprnciaie 1hat o1har apprnachas and simplifications can be implemented 

without departing from the method presented herein. 

Referrii1!l 1r. Figure 3 again, the µC 2-9 may contain masked ROM firmware or may be operably connected 

10 with external EPROM U9 3-9 for development purposes. A pssudo-codri listing follows: 

lAr~ PLC REPEATER PSEDUO-CODE Fl.OW SHEET 

RESET ON POWER UP 

STARTUP SEQUENCE 

'lnitiali,e µC sets up Hm commm1ications registers for Manchester 

15 'Encoding with CSMA/Cll A 16-bit CRC is selected and the preamble 

'is set to 8 bits. The seria! rate is set to 1.25Mbps. 

20 

25 

INITIAZUE µC 

GMO• Register 

Select Manchester Encoding 

Select CSMAiCO 

Enable Cf!C, Select 16-bit CRC 

Set preamble to 8 bits 

Baud Register 

Set seria! rnte at 1.25 Mbps 

Disable all interrupts 

Enable receiver 

Set transmit status rngister to nmmal operation 

Set address mask registers to don't care state 

Initialize SL OTHA (slot time mg ister) to 2ps 

30 'Initialize NiC divides the 8K buffer into 2 Xmit butters illld 20 

35 

'255 byte pages for the receive ring. Data is handled a byte at 'time ,rnd the FIFO to receive butter ring occurs 3 

bytes at a time. 

'The CRC is appended by the transmitter. The receiver rejects 'errored packets. All valid packets am received. 

iN!TlAUZE NIC 

Setup BK xmit/rcvr buffer 

Setup 2 Xmit buffers of 1536 bytes eacl1 
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Set remaining 5120 bytes as receive buile:r ri11g 

SETUP NlC REGISTERS: 

Data Configuration Register 

Byte wide OMA transfer 

Normal operation 

FIFO set to 8 bytes 

Transmit C•n1igurati•n Register 

CRC appended by transmitter 

Normal operation 

Normal bac koff 

Receive Confi[!Uration Register 

Reject µackets with rnr.aive errors 

Reject packets with fewer than 64 bytes 

Accept broadcast packets 

Accept all packets {prnmiscuous mode) 

Buffer packets to memory 

'The µC Receive Routine keeps track of the current NIC nansmi! 

'buffer then loads that buffer data as it is rnceiv;;ij i~ Hm 

'µC Receive FIFO. 

20 RECEIVE Routine: (µC ROUTINE for µC ta send data to NlC) 

25 

30 

3
,, 
::i 

Choose free NIC transmit butter 

iF NIC transmit buffers fuJl, THEN 

Discard rnceiver and GOTO TRi,NSMIT 

Check Receive FIFO for Not Empty (NEi flag on µC 

Read byte from Receiva FiFO 

Check Receive FIFO NE flag on pC 

IF rno Empty, THEN validate byte !No collision par.ket byte) 

IF transmit pending, THEN 

Restart backofl 

ELSE GOTO RECEIVE ROUTINE: 

ELSE GOTO READ ROUTINE (Valid Data Packati 

READ ROUTINE: Write byte to NIC transmit buffer 

Read FIFO NE tlag 

IF NE flati asserted, THEN GOTO HEAD ROUTINE 

ELSE write last data byte to r~lC transmit RAM 
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(Pack£:1 has been read and written to NIC) 

Check receiver for receivr:, mr,rs 

IF r,o errors, rHEN 

Instruct NIC to transmit Packet 

ELSE discard packet 

GOTO TRANSMIT 

'The µC T rnnsmit Routine checks its Glab al Serial Channel (GSC) for 

'a not busy state. if the GSC is not busy then tile µG mads packet 

'data from the NIC anci loads the TX FIFO. 

PCT /US98/11107 

10 TRANSMIT ROUTINE: (rnutine for ;.1C to get data irom Nlf:) 

15 

20 

25 

IF NiC has received a valid packet, THEN 

IF Global Serial Charmei (GSC) is not busy, THEN 

Get jlllinter tn received par.ket 

Read 2 by1es from ~JIC 

Save 1st byte [this is a pointer to the next received packet) 

Read 2 bytes from ~JIC 

Save these bytes in nriabiE: ByteCount 

LOOP 

Wait TX mo rJot Full (NF Flegi 

Re.id 1 byte from NIC 

Write 1 byte to µC TX FIFO 

Decrement ByteCoum 

ErJDLOOP (When ByteCount 1s zero) 

ELSE GOTO RECEIVE ROUTINE 

An additional routine services AC PLC nus collision avoidance ar.d access mbitrnt1011. The method requires 

each repeater (with data to send) seeking access Hi a particular frequency or channel of the AC LAN bus ( 1) to listen 

30 to the bus traffic and, upon detecting the termination of a thir!i party transmission, (2) to wait a minimum of 20 

,us plus a random additional time (in 5 µs increments) before transmitting a short access request. (3) Following the 

access requesl, the rnceiver lis1ens for 15 µs and, upon detecting no oth£,r carrier, the repeater µC tiegins date 

transmission with contidence. The dipswitch 2·22 may he used to provide a unique backoff or wait time for each 

repeater in addition 10 providing a unique IC code/arlciress. 

35 The universal 1ntarlace Gilpabilities of the controller 2-9 with its parallel and serial ports provides 

the capability tor embedding the PLC rnpeater in computers and equipment with embedded controllers which aiready 
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connect to the AG power system of a premises, thereby networking the equipment with other similarly equipped 

devices and users simpiy by connecting the AC power. The pt1ysical size oi such system and its associated cost 

could tie reduced by utilizing the existing embedded contrniier and it, seriai port as the repeater contrniler and merely 

interfacing it to a compatibie embedded PLC transceiver. Tim embedded controller would require the addition of 

5 appropriate network arbitration and contrni software/firmware. Stat1rnf-the-art design and manulacturmg techniques 

reduce size and cost of repeater systems to attractive marketing levels. 

Referrinii now to Figure 4, a versatile PLC data transmitter and receiver am shown which provide 

IJC to 2 Mbps data rates. No Manchester or other encoding is required. Wideband data or analog signals may irn 

transferred in original form. The data interlace of the transceiver comprise four data lines: a tr;rnsmit data inpu! 

10 line GTXD, a transmitter enable input line TXE, a rnrniv;, data output line GRXD and a carrier detect output line 

CARD ET. These lines correspond to their counterparts at 1 he Global Serial Channei 2-10 of Hm 1-1C 2 8. GTXD darn 

voltage levels are coupled to varactor diode D7, which is capacitively coupled to the frequency determining 

components C18 and C22 at the law-impedance port Gf oscillator 211, of which transistor Q.3 4.33 forms the active 

element. Changes in reverse voltage across 07 result in corresponding inverse changes in the junction capacitance 

15 of D 7 which change ,he resonant frequency of oscillation determined by l3 and the combination o! G 18 with the 

other capacitors C 19 through C24. Driving the iow-impedance r,ort of oscillator 2-11 at the collector of 03 4.33 

minimizes the negative impact of difhmmtiated DC voliage shifts on the delicate bias of [13 4-33, which DC sifts 

correspond to differentiated data coupled through capacitors G 19 and C22. The oulput of 03 drives a class D 

output stage 2-12, which efficiently drives the power line through filter 2 13 and RF coupler 2-14. The :mverai 

20 stages of transmitter drivm bufier the oscillator 2-11 from AC li1rn capacitance and load changes. A class A 

trnnsmitter output may be employed to reduce harmonics but with decrn,m:cl efficiency. The transmitter enable TXE 

circuit 4.34 connects to the base of 03 4.33 through DB to turn the oscillator 2· 11 off. The cirrnit of 4-34 may 

be configured as an inverter (for operation from a contrnl!er) or as a resetable monostabie multi11ibrator (for enabling 

the transmilter only when dala is presented to the da1a input). 

25 Figure 4 also shows a data receiver 2· 16 which is coupled by 2-14 RF coupler and filter 2-15 10 

the AC power bus. The filter 2-15 selects only the desired frequencies and matches the impedance of the AC line 

to that of the receiver input pin 1. The receiver 2-16 is a high performance superhetrodyna design with local 

oscillator, mixer, 2 stages of IF gain/filtering and limiter with quadrature detector, providing over 90 dB of RF gain 

with DC to 2 Mbps data responsB (Philips SA 636 version). The receive; 2. 16 local oscilla1or supports either (1) 

30 crystals, (2) LC oscillators or (3) external osciilator/synthesizers. Use of a synthesizer permits contrniler 2-8 selection 

of LO frequencies for FDMA and frequency hoppin;1 configurations. Receiver 2-16 has both a data output and a 

competent FSI (Field Strnr,gth Indicator) output, which are buifered by high speed comparators 4.35 and 4.35 such 

as LM318 or LM360. It should be noted that an analog ilu1ier can he connected to the demodulated signal output 

(pin9) of the receiver 2-16 for recovery of Wideband anaiog or composite anaiogidigitai signals. The FSI CARDET 

35 output supports the RF carrier detect input of the repeater controller 2-9 for pmforming AC bus arbitration. The 

CARDET and GRXD buffered comparator outputs may be connectE:d together in a wired AND configurntion to provide 
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daia output only when BOTH the carrier is present AND data is I1resent. The receiver 2-16 is so seiectivr: rh2t 

multiple receivers ar,d transmiiters may be used simultaneously in a repeater ta increase data rate, increase channels 

or network together AC power line LAN segments. The transmitter and receiver are fuily capable of RF LAN 

operation which. in conjunction with the competent collision avoidance and arbitration, would provide competent RF 

5 LAN segrmmts far many applications. 

11 should be noted that alternative commercial campImer.ts of competent specifications can be used 

for the components specified herein. Alth•U!Jh this mventinn has hmm illustrated in relation to r, particular 

embodiment, it should not be considered so limited except by the appended claims. 

Alternative embodiments of the PLC trnnsceiver hardware can provide significant imprnvemm11s 

10 in data rate while increasing system reliability, Th0sH altmnatives mnpioy a different mmiulatian technique than the 

FSK described prnviousiy, where detection was done by anaiog comparator DC threshold adjustrnm1ts in reference 

to an analog demodulated FSK data waveform. This previously described FSK modulation te1chnique produced a 

waveform which at high data rnte exhibits a rnmµing/serni-sinusaidal characteristic (instead of the ideal DC square 

wavus produced at low data rates). The alternative embodiment described following, uses a Ditfernntial Frequency 

15 Shift Key (OFSK) in conjunction with the FSK modulatian technique. OFSK produces sharp data edges for triggering 

the data detector and further permits AC caupiing af said data edges. improved speed oi data demodulation, and 

increased data rnliatiiiity - less subject til syswm tempernturn coefficients, while minimizing the required effective 

bandwidth for a gi11en data rnte by c1mt1ning morn enerrIY arnm1d thll cm rim ireqmrncy. 

Further imprmmments are incorporated in this alternative transceiver embodiment, including: 

20 improvements in RF and IF filters to prm11!i1, wider and fla!IE!r pass bBnds while maintaining reliability with changing 

data compositions, an introduction of a realignment bit in the data iO provide the means for allowing the recei11er 

10 rn-syr.chmnizing with each in-corning byte, improvements in carrier detection and acknowledgment and an improved 

controller. 

These improvements permit il dramatic improvement in •ilta rate and bit error ratIi across the PLC 

25 interface, from previous speeds of 100 to 350 Kbps ta 1-3 Mbps. The toliowing discussion describes prior 

modulation circuits, their characteristics and the current best mode of the invention utilizing the OFSI< modulation 

techniques. 

Figure 5 il!usuates a standard quadraturn detector for demodulation cf FSK carrier signals. Tile IF limited 

output 5-51 of a receiver IF section (Im example as shown on Figure 4 at U 1 2 16 pir, 1'I) drives dirnctiy the iirst 

30 input 5-56 al a quadrature detector 5-50 (which is typically an analog Giiban cell multipiier). Silid iF limiter also 

drives loosely, through a small-valued, high-impedanr.a capacitor C1 5-55, a quadrature tank circuit composed of an 

inductor L 5-56, an ca1iacitor C 5-57 and a resistor R 5-58. The capacitor C1 5-55 is typically a small value, such 

as 5pF in oider to avoid swamping the transfer fllnction of the quadrature tank circuit. The typical values of L 5-56, 

C 5-57 and R 5-58 depend cm the carrier frequency. Fm example: for a 10.7 MHz system l 5-56 would typically 

35 be 1.5µH, C 5.57 would typically be 139pF, and R 5-58 would typically be 2.2KG; while for a 20 MHz system 

L 5-56 would typically be 1.5µH, C 5 57 would typically be 38pF and R 5-53 would typically be 4.7kQ. The 
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quadraturn tank cim11t drives the secm1d input 5 52 of the quadrature detector 5-50. Tha quadrature detector 5:50 

is a multiplier which jlroduces an output voltage QuadOut 5-53 that is the product of the twr. sine wave input 

signals. The double ireqwrncy output camponem of QuadOut 5.53 is fiitered and ampiiiied IJy the detector buifer 

amplifier 5-54, lea~ing the phase diffarantial component VouAn 5-59 which varies in rrmgnitmie ,;wirding 10 tlm 

5 frequency ditfimmce between the IF frequency rnce1ved from a transmitter 5-51 and tti!: qua~roturn tank resonant 

frnquency determined by I. 5-56 and C 5-57, as describ8d iri Figure 6. VR,f 5-66 is maintained at a 11oltage between 

thB VnuAo 5-58 FSK 1 2nd [l levels, hy the diodes 01 561 and •2 5-62 Cornparatm/Data Siicer 5-60 outputs data 

5-64 at iogic levels to a deserializm. The quality of the Data Siic1Jr 5-60 is determined by how well it deiirn.1s Eli 

recovers from VouAo 5-59 the edgns of each data bit. Indeed, the qua!ity cf a complete modulation and demodui,;tion 

10 system is determined by how faitrrfully data is transferred from the data transmitter to the data receiver. Prior data 

slicers exhibit two significant probimns lhat are overcome by Hm prnsent invemion: 11) sensitivity to voltage drifts 

in VauA• 5-59, and (2) sensitivity to high data rates and data campasitiari. as illustrated in the discussion and tigurns 

that follow. 

Fi!1ure 6 illustrates that VouA• 5 59, the output of the quadrature d0t,1ctor buffer ampiifier 5-54, varies 

15 limirnly with IF freqmmcy within a 400KHz range. The attractive feature of this !ype of demoduiamr is that Vau.~a 

5.59 is a DC love! signal dirnr.tly rnlated to freQUBncy, 1.e., a 200KHz lF signal f0 produces a +400 mV VauAo 5-59 

sigr,al and a + 200 Khz iF signal f1 produces a -400 mV VauAo 5.59 for low to intermediate data rates. The 

comparnt!lr 5-60 rnfernnrn voltage Vm 5-66 is mamtaimid at a voltage corresponding IO the virtual center frequency 

f, between f1 and f0• Figure 6 also shows Vou.n drift as a !JC offsat to the quadrature detector transfer 

20 characteristic at ( about VR,F· VcuAiJ drift is caused tiy the sum of temperature cosfficiBnt and l!rng term frequency 

drifts of the transmitter and the receiver local oscillator in addition to the temperature coefficient and mechanical 

11i!Jrn1ion drifts oi the quadrature coil L 5-56 and capacitor C 5-57. The temperature coaffic1ent drills of quadrature 

detector 5-50, builer 5-54 and cmnparator 5-60 are minor because V ouAo is in the 400 mV range. 

The prior DC coupled da!a slicer illustrated in Figure 7a may br: less sensitive to data composition but is 

likely to be vary sensitive to V0u~o drifts. A second prior data slicer circuit, shown in Figure Ba, can track 

tmnpernturn coefficient and drift changes for low data rates, but no for high data rates or mixed data campo&iiior,s. 

At higher data rates, the VauAo buffer 5-54 slew rate combirmd with the time domain response limitations 

dlle to the bandwidth of the ff filters produce lower amplitude VuuA• output signals arn shown in Figure 7h. A lower 

data rate 3 bh long (0 0 0) VouA• signal is campamd to ii higher data rate single bit Vc,Ao si!Jna! (I) 1 0) While 11 

30 through t3 is the period oi a sir:gle high data rate bit, t1 througt; t7 is the period of a 3-bit long VnuAo signal. A, 

the higher data rate, the peak amplitude cf VauA• at t2 and t4 is significantly lower than fur the 3-bit long VuuA• 

signal peak at t4 1and t10). 1he uariation m Vou•n peak voltage with data composition is significant enough to foil 

the opm:1tion of the VREf bias circuit of Figure 5, but no! !hat of Figure 7a, which iliustrates a prior DC coupled data 

comparator with fixed referenrn (V mri as set by resistors R 1 767 and R2 7-66. R 1 7-67 and R2 7-66 are typically 

35 set 1a 1 kD. IM while the DC coupled comparator oi Figure 7a is able to slice the data from higher data rate or 

rnirnd data composition VauAo 7-68 signals illustrated in Figure 7b, it ye:l mqrnriences significant data edge and bit 
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width symmetry difficulties whan enccunt.:ring tampmature coefficient and signal drifts. Figure 7c iliustrates the 

negative effects of VauAo 7-88 drift on the data 7-69 signal. The width of the O bit is totally truncated form t1 to 

t3, while the width of the 1 bit is expanded accordingly. 

Figures 8a through 8c :llustrate the operation and disadvantages of the FSK data slicer 8 70 with tracking 

5 reference VREf 8-71 provided by diodes 01 873 and 02 8-74 and hold capacitor C,,:; 8-75. D1 8-73 and 02 8-74 

become forward biased during the µositive ar.d negative peaks of the FSK Vau•o 8-72 signal and ensure that Ch,1, 8-75 

is charged tel the peak FSK VauAll volt.age v,iillE! less the diode forward 111,llage drop (about 40 mV). Thus, 1f the gain 

of buffer 5-54 is adiusted to provide an 800 mV µeak-to-peak VuuAo signai to D1 8-73 and 02 8-74, C,010 8-75 will 

be charged by 01 8,73 and 02 8-74 after a few iower data rate alternating bit cycles to an intermediate value nf 

10 VmI halfway between !he tlrnil and 1-rail o! Va,A• 8- 72 thct ideally provides adequate comµarntor 8 70 "slicing" of 

data from VauAO 8-72, as illustrated in Figure Sb. However, as illustrated in Figure 8c, when lower anwlitude high 

data rate signals are used (for which the peak amplitude of VauAu 8-72 is reduced below the forward voltage drnp 

cf 01 873 and 02 8-74) or when long strings of 1's or O's presen1 in the data, the slicer V0ff 8-71 begins ta drift 

off of the ideal center voltage and causes corresponding data edge and width distortions as stmwn in Fi1p1re Be. 

15 The width of high data rate bits m t2-t8 are sigr.iticantly distorted. And while the string at l's at t9 t• t13 may 

have rnmijusted V"u for a time, at t12 other drift factors such as diode D2 8-74 leakage m comparator 8-70 input 

bias cur.er.ts have started changing the charge on Ch,:, 8 75 with the attendant drift of V HEF 8- 71 I 

Figura Ba i!lustrntes a OFSK data detector 9-77 which overcomes the iimitatim1s of prior detectlirs. Both 

comparmor inputs 9-78 and 9-79 are DC biased identicaily by means of R1 9-80 and R2 9-81 through R3 9-82 and 

20 R4 9-83 to Vw 9-88 and the VauAo 9-84 DFSK signal illustrated in Figure 9b is AC coupled to thE: inverting 

comparator 9-85 input (VauAO 9-78) through capac1tu1 C3 9-86. C2 9-87 bypasses or filters VR,f 9-88 from the AG 

signals at both inputs 9-78 and 9- 79 of the comp amt or 9-85 passed to VRlr 9-88 thrnugh R3 9-82 and R4 9-83. 

R3 9-82 (from the DFSK V0ui\n 9-78 signal} and thrnugh 1-14 9-83 (from the1 V.mf 9-79 noniml8rting input of 

comparator 8-85). 

25 Figure 9b i!lustrates the nature of DFSK VuuA• signals as they arn detected by a quadrature deter.tor. 

Oiiierential frequency signals may be characterized by a short decrease in frequency t• represent a falling edge {or 

high to low logic !evel change) in data. The term "differential frequency shift key" arises because tile Of-SK V oufto 

data looks iike the derivative or differential of the FSK data described in Figures 6, 7 and 8. A DFSK modulation 

!echniquE! will be described in Figura 11. Figure 9t1 rnprrnmts the signals at the inverting input N•uAo 9-78), 

30 nonin~erting inpt1t \/ ,Rtf 9-79 (the dashed lined) and data output of data slicer comparator 9-85 of Figure 9a. The 

inverting input signals VauAo 9-78 comprise a DC component equal to VRu 9-88 and en AC component equal to VnuAo 's 

DFSK component. Thus, at tO the carrier frequency is f0, V[iuAo 9-84 is at its median level, and VauA• 9-78 is at V~rr 

9-88, its DC level prnvided by R3 9-82. AT t1 ir: t4 a DFSK falling data edga signal is detected as a positive pulse 

at VauAo 9084 and transferred throuqh C3 9-86 to V0w,• 9-78. Meanwhile, at tO VR,; 9-79 is more positive than VliEF 

35 9-88 due ta the voltage divider actio~ nf hystmesis resistor Ri, 9-89 with R4 B-83 and the logic level 1 data output 

voltage of the comparator 9-85. BK 9·88 and B4 9-88 and R4 9-83 are judiciously selected ta provide sufficient 

SUBSTITUTE SHEET (RULE 26) 

DEF0000506 

IPR2020-00033 Page 02076



Wo 98/59254 PCT/US98/11107 

-16-

hysmresis to permit noise reduction of !rnlf the V•uAo E-84 peak signal le\lel •r 200 mV (sines !he peak value of V~uAo 

9-78 is about ,ioo mV). Thernfore, wher. the VauAa 9-78 signal rises at t2 to V,s,ro· comparatm 9-85 output state 

toggles !o logic O with a cormsponding change in V,REf 9-79 to V.mf"• l\t t4 VauAu 9-78 rnturns 1/REf 9-88 until t5, 

when a negativr: going VouAD 9-78 voltage {1 level data edge) OFSK transition starts. At t6 VnuAti 9-78 drops to the 

5 V ,RE,1 voltage, the comparator 9-85 data output aga111 toggles tram O to 1 logic !e\lel with a corrnsponding to a 

change in V ,m, 9-79 to V ,RrPo where the reference mput of the comparator waits until the next O level t1 to t4 type 

V uui.o 9-78 signal is 1latected. 

Because the DFSK signal defines the edges of each data level change, there is no temperature drift or data 

composition component that foils the operation r,f the comparator 9 85 DATA output 9-90, as illustrated in figure 

10 9c. The time constant of C3 9-86 and R3 9-82 is selected to ba !1Jll!l mmu1ih to pass Of SK VnuA• to the inverting 

input of comparator 9-85 (Vau~o 9-78) but short enough to reject short term DC drifts present Vau,o 9-84 due to data 

composition changes and to adiust quickly to tile transient DC change from noise tn preamble exhibited u1mn initial 

receipt of a packet. The time-constant vahrn (r,, R3 8-82 x C3 8-86) can be about 5 µs for data rats in the 

megabit range. Hysteresis in the comparator circuit (provided by RH 8-89 and R4 9-83) provides the same noise 

15 rejection ciiaracteri,tics as ordinary FSK and in the instant circuit may be 400 mV total for an 800 mV peak-to-peak 

V ouAn 9-84 si!Jnal. On put oft set drifts in comparators are typically below the millivolt level, whi!B signal levels are 

hundreds o1 millivolts.) Typically, in the current best mode of the in\lention C3 9-86 is 470 pf; C2 9-87 is .1 ,uF; 

R1 9-80 is 1 kO; R2 9,87 is 1 kO; R3 9-82 1s 10 kO; R4 9-83 is 33 kO; and RH 9 89 is 470 0. 

A furtbm modification to the OFSK demodulation scheme provides for peak detection of the demodulated 

20 data pulses, since the. time location ot DFSK peaks tend tn ha mare stable with variation in ma! modia amplitude 

and phase attenuation characteristics. A peak detector is il!ustrnted in Figure 9d. The pBak detector consists oi 

two sets of analog \/Olta[IE: comparators 9-91, 9-92, 9-93 and 9-94, one set of which (9-93 and 9·94) detects the 

level of the peaks of tha ctmnodulated data signal (through C3 9-95 and R3 9-96) and another set of which {9-91 

and 9-92) detects the zero-siopa of the peaks by differentiating tfle demodulated signal (through C5 9097 and R5 

25 9-98). The time constant of C3 9-95 and R3 9-96 is selected to be ionger than the data time constant (r = 470 

pF x 10 kQ • 4.7 µs), while the time con5tant ol C5 9-87 and R5 9-88 (T = BB pF x 1 kQ = 68 ns) is selected 

to he short with respect to the raw data waveform V auAo Bias and reference levels far the camparntors arn provided 

by R 1 9-98, R2 9- 100, H6 9-101, R7 9-102, R8 9-103, and R9 9104 providi11g the upper and lower peak detection 

reference vnitages DU 9-105 and DL 9-106 for AG-coupled data VD, permitting peak detection 10 he performed by 

:{• comparators 9-93 and 9-94. R6 9 101 and R7 9-102 provide ZU 9-107 and Zl 9-108, the upper and lower 

references for zero slope detection by comparators 9-91 and 9-92. The open collector outputs of the comparators 

require puil-up resistors (R 11 9-109, R 12 9-110, and R 13 9-111) and may be connected in a wired-NOR 

configuration, which for comparators 9·91 and S-92 11rovides ;, 1 output for ze;o,slope signals. The peak and zero

s!ops outputs are then logically Al\iOed by NANO gates 9- i 12 and 9-113 to pro11ide trigger pulses corresponding to 

35 the positive and ne11,1tive peaks of the demodulated data signal. The pr,sitive peak pulse trimiers the "O" state oi 

the RS flip flop compnsing gates 8-114 and 9-115 while the negative peak pu!se triggers th!: ''1" state oi said RS 
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flip flop. In the current best mode ai the invention the components have the following i!alues: C5 9-97 is 68 pF; 

C2 9-116 is .1 J.1F; G3 9-95 is 470 pF; R1 9-99 is 1 kQ; RZ 9-100 is 1 kQ; R3 9-96 is lOkQ; R5 9-98 is 1kQ; 

R6 9-101 is 8.20; R8 9-103 is 750' R9 9-104 is 750; R11 9-109 is 4700; R12 9-110 is 1k0; and R13 is 1k0. 

It should be noted that digital signai processing hardware and firmware r.an provide many of the demodulation and 

5 data detection hmctions described herein, but at ihe higher cost of DSP chips and AiD comrnrter interfaces. 

Figure 1 D compares the frequency spectrnm of FSK and DFSK modulation and illustrates the beneficial 

bandwidth consumption characteristic of OFSK over FSK. AT low data rates (Fig urn 1 Oa) FSK is designed to produce 

a fixed shift or deviation determined by the two frnquenci!ls assigned t£l 1 ha T and 'O' data bits, the deviation 

idiffernncel of which is determined ~Y the demodulator transfer function or curve {illustrated in Figure 10 as f0 and 

10 t1 ), The 1mwer of the FSK transmission is divided equally (for data with equal averages of 1's and O'sl between 

the 1wo frnquencies. At high data rates (Figure 10b) FSK exhibits side:bands spar.ed from the center i,. At high 

data rates (Figme 1 Od) OFSK exhibits sidebands of ttle same width as w1ti1 fSK, but the magnitude of the sidebands 

is suppressed by .s much as 1 OdB compared to FSK, requiring less filtering of transmitter sidebands and better 

prnpagation through receiver tilters. 

15 DFSK modulation of a carrier is easily impiemsnled with a 5-stote digital state machine (driven by a 4 x 

f, cir.ck) as illustrated in Figure 11 a, because (1) or.iy one carrier/clock frequency need be generated or synthesized 

(as oppasml to two wiih FSK) and (2) the rising and faiiing edges of the data are !Jsed to skip or add a state to 

the state machine, producing a higher or lower d1ffarnntial freq!lency shift, respectively. In the case of the normal 

unmodulated carrier f, (with 50i50 duty cycle), the state sequence for one carrier cycle is 1,2,3,4 with states 1 and 

20 2 prnducin[I a high level and 3 and 4 producing a low level. A falling data edge 'O' causes the state machimi ta 

add a fifth state 2' between states 2 and 3, prnducinu the seqmmce of 1,2,2',3,4 and resulting in a lower 

differential frequency shift corrnspm1ding to failing edge 'O'. Similarly, a rising data edge '1' causes the state 

machine to skip sta1e 2, prnducing the sequence 1,3,4 and resu!1ing in a higher diflere11tial freqtJency shift 

corresponding to rising edge '1 '. Thus, the DFSK state machine and modulation technique effectiveiy has 3 symbols; 

25 n) the rising edge of data, (2i the faiiinr1 edge of data, and {31 no data edges or state changes, which further 

distinguishes •FSK from o1her modulation techniques (FSK, QFSK, PSK, O.PSK, etc.I that have 2 or 4 or morn (even 

numtiers) symbols, but not 3. It should be noted here that the 5-state digital state machine in practice employs morn 

states to permit setup, synchrnnirntion and timin!J of data with carriei. Also, the assignment of data logic states 

to higher or lower differential frequency shil1s may be reversed from 1 he ex.@?ie herein without changing the 

30 substance of the inv1mtio11. 

Additional state machine modifications illustrated in Figure 11b permit selection of alternate data rates while 

keeping carrier frequency fixed by sE!lecting ;, 1neset number n of carrier cycles per bit. A presetabie divide by n 

counter may be added to the state machine to provide a data clock which is presetable submultiple of carrier 

frequenr.y. Thus, a 6 MHz carrier would pro11ide bit rates corresponding ton as follows: 1200 kbps for n=5, 600 

35 kbps fer n = 10, 300 kbps for n = 20, and 150 kbps for n =40. Selection of bit rate without changing carrier 

frequency by system contrnllers permits negotiation of bit rate for servic1n!J a variety of device types on a network 
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as weli as accommodating varyin11 powm lme prnp;,gaticrn charact eristir.s. For example, a lowest cost light switch 

node may be implemented with 150 kbps mnrrnllthic fiitm and rm data rate negotiability, while a moderate price 

poin! printer node may be oparmed at 1200 kbps with discrete wideband fii1ers and have negotiability designed into 

its controller. By initiating operatian of the m1!work at 150 kbps, then for tha printer and the switch would start 

5 at 40, bur as soon as the device typa and node addrnss warn broadcast for a printer node, the bit rate would be 

negotiated upward from 11 =40 10 n = 20 until n = 5 or until the bit mar rate became unacceptabia for the co11d!tim1s 

of the power line medium at that time, whereupon the n and carrespondin[l data rate wmild back 011 to an 

acceptable selectmn" 

An addition advantage of the OFSK modulator is that the state machine can be configured anc instructed 

10 by a data controller to produce special DFSK characters for control or compression purposes. For example, two 

lower difiemntial frequency shifts c!luld be executad in sequence ta represent a str:ng of 1 's whiiE1 tw!l hiiiher 

differential frequency shifts in sequer:ce could represent a string of O's. This feature is not possible wi!h FSK. The 

state machine has no iimitat10ns !ln its agility regarding which states it adds or Sk!pS, as mstructed. The 

derrmdulator data slicer would require some additionai c11mparntor(s) and logic/circuitry to detect successive DFSK 

15 pulses of like polarity. 

An additional modification ta the carrier generation and modulation state machine includes increasing the 

number of states to permit Muitipie DFSK techniques. For example, subdividing thEl original 5 states by 2 doubles 

the number al states to 10 hali-states (with a corrns1rnnding doubiing of clock frequency to 8 x tJ and permits 

increasing the number of symbols by 2 by skipping or adding 1 or 2 half-states. Corresponding modifications to the 

20 receiver demodulator are required to detect the differing responses !o the 1 and 2 half-state symbois. Since a 1 

half-state shift produces half the differential frequency shift of a 2 half-state shift, a quadrature detector prnduces 

pulses of hall the amplitude for the 1 half-state shift with refamnce to a 2 half-state shift, which is the normal shift 

for standard OFSK, 

A further modification to the r..nier generation and modulation state machine includes modulation shaping 

25 methods that more consistently define data edges a1 high bit rates, which modifications either prnfo or append to 

data symllols (a) single whole shifts or (il} 1 or 2 half-state shifts which precornpensate the quadrature detector's 

analog data output waveform for more accurate data slicing ot each data llit sequence/combination, 

OFSK, while disrnssed in this spacificatinn, primarily in a PLC application has many similar applications in 

other electronic communicaticm system, including but not limited ta: RF, wirnd, rnlophone line and the equivalent. 

30 Moreover, while this discussion oi DFSK impiies a workstation computer device, this technology can be applied, and 

shouid be considered within the scope of this patent, to any othm electrnnic davices with communicatim1 capabilities, 

incluclin[! but not limited to contrnilers, personal computers, fax machines, printers and telephonic systems. 

Figure 12 illustrates the impro11emen1 in data bit timing accuracy achieved if the data rate is synchronized 

with the carrier frequency l, and clock. Figure 12 shows two data bits of identical iength or ram, XMiT DATA and 

35 XMlT DATA', bu! shifted in phase in rniBrnnce ta the CARRIER modulator. XMIT DATA falling edge XO (,rnd XO'] 

and rising ed[1e X 1 meet the set up windows (low state) for the modularnr starn machine, while the rising edge X 1' 
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of XMIT DATA misses the setup window of the modui;,tor state machine, delayi~g execution of the rrwdulationfor 

rising edge 1 ta 1', 10 the next CARRIER cycle and prnducing a correspond1rig time delay/shift in rising edge RCVR 

DH/, R1 vs. B1 '. Receivad data bit width changes of 1 carrier cycle prnduce significant data errors at the high 

data rates of the instant invention, while prior system date rates, being at least an order of magnitude lower, have 

5 not observed this error source as significant. It should be especially noted that tJoth rising and falling edges of data 

are sensitive to data synchronization witr; the carrier modulator and that the variation in bit width data errnr is 

1:specially exacerbated by data rates that are not related tu the carrier frequency by an even multiple ot carrier 

cycles. Therefore, synchronization of both data rate and phase with the carrier modulator eliminates synchrnnizati•n 

granularity/jitter in the modulated carrier, E!r,abling high data rates. 

10 Another improvement Hmt increases the reliability cf de1ecting/recei11ing the bits in each byte provides a 

reaiignment ilit at the end of each byte. The realignment bit resyr:cilr•ni2es the receiver's deserializer sampling clock 

with each incoming data byte to prevent clack timing skews between the transmitter data clock and the deserialim 

(receiver) clock, permitting low-cost clock references. This differs significantly from other par.ket transmission 

schemes such as Ethernet, which employ 20,00000 MHZ (1 ppm) accurate clocks far !racking s 1500-byte-lang 

15 packet. While the realignment bit improvement is similar in concept rn RS 232 start and stop bits, it differs 

significantly from RS-232 in that i1 i the polarity alternates from that of the last data bit of the byte to further 

distinguish its edge trnm !he last bit, and 12) only one realignment bit per byte is rnquired, effectively reducing the 

overall data rnte throughput ily only 11 % (as compared with 25% for RS-232). This imprnvement permits reliable 

data transfers at higher data rates weil beyond the 11 % hit as well as increasin!J the maximum packet size, while 

20 still permitting the use of law-r.ost clack rnfornnces/crystals. 

Figure 13 illustrates another limiting characteristic of prior techniques usir,g RSSI detection schemes and 

prnt!lcals based on RSSI signals. Figure 13 shows an MC 13158 receiver data book chart for the RSSI response. 

In ne1works involving RF carrier transmiss1ons. each node has i3 transmitter and a receiver, the operation of which 

is determined by the fundamental protocol of the network (client-server, peer-to-peer, etc.). for data transmission, 

25 only mm transmitter at a time is permitted to be active on the medium and then only when the respective node has 

data to send. When not transmitting, each node's receiver is active, producing valid data m spurious noise dapending 

on whether a valid transmission is present on the medium. Prior netwmk arbi1rntion protocols ha~e used the 

presence or absence of carrier as detected by receiver RSSI circuits to determine (1) ,hat the da1a output of a 

receiver is. valid m spurious, or (2) that the medium is clear of other trnnsmissi•ns, permitting 3 node's trnnsmit1er 

30 access to ihe medium. In each instance the response time of the RSSI circuit limits the responsiveness of system 

protocols as illustrated in Figure 13. The response time exceeds 4 f..lS for rise time t, (presence of carrier) and 

exceeds 25 ps for Jail time 11 !absence of carrier) for stronger signals, varying dawn to 6 µs for weak signals. 

Since the length af a byte at 2 Mbps is 4 ps, the six times variation between rise and fall times and the long length 

of the fall time (exceeding 6 data bytes! mate bandwidth consuming protocol delays for send/receive and intergap 

35 spacing operntions when the RSSI signal is used to arbitrate transmissions. 
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Then them am 1wa other problems related to the nose level of the medium, and particularly that of -the 

power line: !1) medium noise pulses trigger counterfeit ASS! signals and false arbitration atrnmpts and (2) the s1gnal

to-11oisa ratio on the medium changes irom one environment to another and at dilfarnnt times of the day, making 

it difficult for a11 HSSI comparntar circuit ta adjust its refsrsncs to rnmairi sensitive ta normally attenuated signals 

5 while ignoring false triggers. 

To overcome RSSI technique and circuit limitations and imprnve reliability of power line network arbitrntion 

the present pre!errnd embodiment of the invention avo:ds thE! use [lf the RSSi signal altogether. relying instead on 

(1 i validation of distinct data preambles to test for adaQuarn s/gnal-lo-noise ranos and (2) special modulation symbols 

called FSK ACK (for Frequency Shift Key Acknowledgment) fo, permitting multiple nodes to acknowledge (respond) 

10 simultaneously to group polls by a network master, lf the signal tu rmiSE! rntio is at least 12 dB, a favorable bit 

error rate rnsults in detection cf valid packet preamble and start byte, packet lenuth hyte, unique node address, data 

peyioad and CRG, which together assurn the reception of an accurate packet Distinctive preamble and start bytes 

are chosen to permit competent comparison logic lo distinguish preambles from power line noi,rn. For example. 

sending a series ai alternating ones and rnrns (/\AH) followed by a 31 H (i.e., lO 101010101010001) produces an 

15 acceptably unique combination for ditlernntieting the start code from noise. Packet length tiytes also provide reliable 

ant:cipation of the packet length end the end of the packet for arbitrating the next transmission by other network 

nodes with minimal intergap spacing. Similarly, the special FSK ACK packet riemibed in Figure 15 permits 

discrimination against normal data as well as power lim1 noise. 

In relation to the detection of special FSK ACK symbols, Figure 14a illustrates several improvements over 

20 prier techniques, which am achieved by substantially increasing the IF frequency: (1 ! the demodulator linezr frequency 

range is doubled, drnmatically der.reasing the sensitivity to the AC coupled DFSK data comparator to ttm temperature 

co0Hicim1t ,rnd mechanical tuning drifts; (2; the FSK ACKnowiedgment signal detection is morn robust iJy setting the 

corrnspond:ng comparator reference miar a demodulator output "mil" which i, also further from the DFSK rnrriar and 

noise; and 13) the iF filter is designed fer flatter pass band and sharper skirts with substantially less expensive 

25 components. Extending the linear range of the quadrature demodulator transfer function (for lF trequency vs. V0lll,n 

voltage out) permits a wider rnnge of temperature coeHicientimechanical drift and tolerance on parts trnm the 

transmitter to the receiver. Extending the frequency range of the demodulator rails also extends the FSK ACK 

frn4uency range, which is jtidicimisly placed near or onto a raii, providing a more robust deviation in FSK ACI( 

freqmrncy from the OFSK carrier to help discriminate against noise in the carrier range. A DC coup!ed r.r,mparator 

30 (FSK data slir.er) may then be employed because the rail tends to .ict as a limiter on Vnu~a as it responds to the FSK 

ACK frequency, permitting the FSK ACK comparator reference to be placed in the linear range next to a mil with 

sufficient margin to accommodate tmnperaturn coefficient drifts and noise, BS illustrated in Figure 14b. Another 

reason ttle FSK comparator works well for FSK AGK detection is that the darn rnte of an FSK ACK signal is 

designed to be much lower then for DFSK data. Placing the IF at a substantially higher frequency also provides the 

35 advantage ot making IF filter design mare practical for obtaining wider and flatter pass bands (and sharper skirts 

for rejection of out of band interference) with economical commerciai c•mpcmm1ts. 
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Figure 15 illustrates ht1w DFSK permits the compatitile use of FSK to produce special characters that may 

be used for group acknowledgment of requests for status of slave devices in a network. At t1 ta t3 normal !JFSK 

operation at the end of a packet is illustrated w:th corresponding DFSK DATA. During t3 to t4 the caHier of the 

master drnps and the noise ievel of the medium creates false DATA wllich is rejected as invalid data by the receive 

5 data controller because it does not meet the start (lf packet requirements for a data packet nor does it meet the 

FSK ACK requirements for an ACK packet. But at t4 an FSK ACK packet begins in which the unmodulated DFSK 

carrier is employed as one frequency fD for a byte (t4 to 15) and the ,mind FSK ACK frequency acts as f1 for 

several bytes (t5 to t6). from t6 to t7 the ACK packet returns to rn far the length of a byte, following which 

carrier transmission ceases and the data and ACK signals detect the noise level of the medium at t8 to t 11. No 

10 realignment bit is required in the ACK packets. By reducing the data rnta (from bits to byte:s or ta the l!lwest bit 

rate of the network) of the ACK protocol, at least two transmissions of equal strnn!Jth may be detected 

simultaneously, which can occur when several remote devices in a network group respond simultaneously ta a group 

poll. Frequencies must be within 10 kHz, which for a 5 MHZ carrier is a reasonable 0.2% (2000 PPM). Commercrnl 

crystals are available wiih 50 pjlm tolerances at low cost. It may also be noted that the iudicious use of the fSK 

15 ACK symilois and protocol avoids tile use of tile unreliable RSSl signal for group ACKs as described herein, 

Because the FSI( ACK signal permits discrimination against normal data as w~ii as medium noise. this 

advantage permits an FSK ACK packet to be employad, mmlified or unchanged, for other sigrrnlin(l ,;pplir.ations in 

a network or control system. Fm example, in a masierfslave network, the FSK ACK could provide an interrupt when 

a slave node requires the services of a master. which reduces poliing frequency. The slave node's own address could 

20 be aµ1.wndad to trrn end af the DFSK trailer on the FSK ACK packet. reducing polling operations. Or ir, a pem to 

peer system. the FSK ACK could he used to notify other users of its intent to broadcast on the medium or to pass 

tokens. Changing the iangth of the FSK portions ct the FSK ACK packet could provide control or identification data 

to other network devices. 

It is to be understood that the above described em•odiments of the invemtmn are merely indicative cf the 

25 inventors' current best mode of the invenfo11 and are illustrative of numerous and varied othe:r embodiments which 

may constitute applications of the principles of tilll irmmtion. Such other embodiments may be rnadiiy devised by 

those skilled in the art without departing from the spirit or scope of this invention and it is our intent that they he 

deemed within the scope of our invention. 
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ROW NAME I FORMULA MIN MAX MARGIN COMMENT 

i C rackl L130l 130 <.[l> <.0> 83902A Read Strobe to -
ACK low 12°bcyc ,- 30) 
only 2 wait states allowed 

2 C rackh [,30] 30 <,•> 83902A Read Strnhe !o -
/\GK High 

3 C ackdv [,55] 55 <,0> 83902A Acknowledge low 
to Data Valid 

5 4 C rdz [15,701 15 70 < 54,67,0,33> 839021-i Read Strobe to Data 
TRI-STATE 

5 C WW !50,l 50 <•,> 83902A Write Strobe Width 
from -ACK 

6 C rwds [20,] 20 <: •,> 83902A Register Write Data 
Setup 

7 C rwdh [21.l 21 <0,> 83902A Register Write Data 
Hold 

8 f' wackh [,30] 30 <,•> 83902./\ Write High to -ACK I; 

High 

10 9 C wackl !, 1301 130 <,0> 83902./\ Write Low to -ACK 
Low 

10 r. rsrs [10,] Hl <0,> 83902A Register Select to 
Raad Setup 

11 C rsrh [lJ,] 0 <2.77,> 83902A Register Select Hold 
from Read 

i2 C rswh [O,] 0 < 1.87,> 83902A Register Select Hald 
from Write 

13 C rsws [15,] 15 <0,> 83902A Register Select to 
Write Setup (assumes AOSO 
high when RA lines) 

15 14 C bch [20,] 20 <5,> 83902A Bus Clock High 
Time 

15 f' bcl [20,l 20 <5,> 83902A Bus Clock low Time u 

16 C asrls [,30! 30 <,(l> 83902A Addrnss Strnbe 10 

Data Strobe !bcl + 1 OJ 

17 C bcrl [,431 43 <,0> 83902A Bus Clock to Read 
Strobel.ow 

18 C bcrh 1,40] 40 <,0> 83902A Bus Clock to Read 
Strobe High 

20 19 C avrh 1132,] 132 <0,> 83902A Address Valid to 
Read Strobe High 
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HOW NAME FORMULA MIN MAX MARGIN COMMENT 

20 C avrh !132,] 132 <0,> 83802A Address Valid to 
Rea!l Strobe High 

21 C ds [22,) 22 <•,> 83902A Data Setup to Read 
Strobe High 

I 
22 C drw [85,] 85 <12,> 83902A OMA Read Strnba 

Width Out 

23 C dh [OJ 0 <3,> 83902A Data Hold from 
Read Strobe High 

5 24 C dsada [40,] 40 <•,> 83902A Data Strnhe to 
Address Actin 

')!:; C raz [90,] 90 <O,> Memory Read High ta ,._.., 

Address TRI-STATE 
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ROW NAME FORMULA MIN MAX MAAG!~J COMMENT 

1 C TLHLL lmi11(({2°T 81.21 <21.49,> ax 152 ALE PULSE WIOTH 
CLCL)-
40ll,l 

2 C tLL [50,J 50 <52.70,> 8764 Chip OeSelect Width 
187C64-1) 

3 V TCLCL [60.61,l 60.61 8X152 OSCILLATOR CLOCK 
PERIOD 

4 C TCLCL [60.61,l 60.61 <0,> 8x152 OSCILLATOR CLOCK 
PERIOD 

5 5 C TAVI.L [min{{TCLC 5.61 <0,> 8X152 Address Valid to ALE 
l-55)),] Low 

6 C tAL [25,l 25 <-19.39, > 8764 Address to -CE Latch 
Set-up 

7 C TLLAX [min((TCLC 25.61 <5,> BX 152 Address Hold After 
L-351),] ALE Low 

8 C tLA [30,l 30 <0.51,> 8764 Address !fold from -CE 
Latch 

g C TLLIV Lmin(i(4°T 142.42 < ,45.41 > BX152 ALE low to Valid 
Cl.CL)- Instruction In 
100))] 

1D HJ C tACL L 15QJ 150 <,52.98> 8764 CE latch Access Time 
I 
I 11 C TLLPL !min((TCLC 21161 <•.> 8X152 ALE Low ta -EPSEN 

I L-40)).] Low 

I 12 C tCOE !30,l 30 <-9.39,> 8764 ALE/-CE to Output 
I Enable i 

13 C TPLPH !min(((3°T 138.82 <•.> -EPSEN Pulse Width 
ClCL)-
45)),] 
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I ROW NAME FORMULA MIN MAX MARGIN COMMENT 

1 C TLHLL [min(H2°T 81.21 < 21.49, > BX 152 AlE PULSE WIDTl-1 
ClCll-
40)),] 

2 V TCLCL !60.61,] 60.61 8X152 OSCILLATOR CLOCK 
PERIOD 

3 r. TCLCl l60.61,1 60.61 <0.> Bx152 OSCILLATOR CLOCK 
PERIOD 

4 C TAVU [min({TClC 5.61 <0,> 8X 152 Address Valid to ALE 
L-55il.l low 

5 5 C TlUiX [min((TCLC 25.61 <5,> ax 152 Addrnss Hold After 
L-35ll,] ALE Low 

6 C nuv Lmin(((4"T 142.42 < ,45.41 > BX 152 ALE Low to Va!ici 
ClCli- Instruction In 
100))] 

7 C TllPL [minHTClC 20.61 <0,> ax 152 ALE Low to -EPSEN 
l-40)),l low 

8 C TPLPl-1 [min(H3°T 136.82 <0,> -EPSEN Pubrn Width 
CLCli• 
45)},] 

9 C TPUV [,minH(3"T 76.82 <,114> 8X i 52 -EPSEN Low to Valid 
CLCL)- Instruction In 
105)ll1 

10 10 C TPLAZ [, 10] 10 <,0> BX 152 -E PSEN low to 
Address float 

11 r. TPX!X [0,] 0 <•.> BX 152 Input Instruction Hold 
After -EPSEN 

i 

12 C TPXIZ [,minlH5°T 278.03 < ,242.43> 8X152 Input l!i,truction Flllat 
ClCl)-25lll After · EPSEN 

13 C TAV!V [,min(H5°T 198.03 <,•> 8X152 Address to Valid 
ClCL)- lnslrnction In 
105))] 
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ROW N1\ME FORMULA MIN MAX MARGIN COMMENT 

1 C TlHll [min(((2°T 81.21 <0,> BX 152 ALE PULSE WIDTH 
CLCL)-
40)),] 

., 
V TCLCL [60.61,l 60.61 8X152 OSCILLATOR CLOCK ,: 

PERIOD 

3 C TCLCL [60.61,l 60.61 <0,:> 8xi52 OSCILLATOR CLOCK 
PERIOD 

4 C TA\fU [mir.((TCLC 5.61 <0,> ax 152 Address Valid to 1\LE 
L-55ll.l Low 

5 5 C TU.AX [mir.((TCLC 25.61 <0,> ax 152 Address Hold Aiter 
L-35l!,l ALE Law 

6 C TllOV [,max(((8° <,> 8X15Z ALE Low to Valid 
TCLCU- Data In 
150))) 

7 C TAVDV [,max(i(9° <,> 8X152 Address to Valid Data 
TCLCl)- In 
165))] 

8 C TWHLH lmin(/TCLC 20.61 <0.> -RD or -WR High to ALE High 
l-
4[ll),max(( 

TCLCl+40 
ill 

9 C TLLWL [minH{3°T 131.82 <0,> <•,> ax 152 ALE Law 10 -ml or -
CLCLl- WR Low 
50)),max({( 
3°TCLCU 

Hl C TflLRH [minH(6°T 263.64 <0,> ax 152 -RD Pulse Width 
CLCU-
100)),] 

11 C TRUJV l,max(({5° <,> ax 152 -RD Low to Valid 
TClCL)- Data in 
165lll 

'12 C TRHDZ [,max((!2° <' . ..._ .... ,,,,..,. ax 152 Data Float after -HD 
TCLCL)· 
70ll] 

13 " TRlAZ LO! [l <,0> BX 152 -RO Low to Address I, 

Float 

1-1 C TRHDX 10,1 0 <0,> 8X152 Data Hald after -RO 

15 15 C TAVWL imin(((4''T 112.42 < 25.01, > 8X152 Address to -RD or• 
CLCll WR Low 
130)),] 
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ROW NAME FORMULA MIN MAX MARGIN COMMENT 

16 C TWLWH [min([(6"T 263.64 <0,> BX152 -WR Pulse Width 
CLCLl-
100)).J 

--------
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WHAT IS Gl/\lMED IS: 

1. A local area network repeater system for trnnsmitting and receiving network data between 

rnpearnrs, the system comprising a plurality of repeaters, each comprisin!i: 

a. an interface, connecting said repeater to an AC power line; 

il, a transceiver, electrically connected to said coupler for receiving data tram said coupler, 

wherein said transceiver further comprises: 

i. a data modulator to commrt di1Jital data to analog data; 

ii. a transmitter to recemre the anaiog data from said data modulator and prepare 

the analog data for transmission on the power lines; 

iii. a transmit filter receiving the analog darn from said transm:t!er and filming 

the resulting analog signal ta transmission on the powar lines; 

i11. a receiver filter receiving an analog si1Jnal from the power lines; 

v. a receiver receiving the filternd analog signal from said receiver filt;,r and 

demodulating and digitizing said analog si1inal, wherein said demodulation incorporates irequency 

shift key (FSK) and diffarnntial frequency shift key (DFSK) technology; and 

vi. a data buffer rnceiving said digitized data from said receiver: 

c. controller, electronically connected to said transceiver, receiving data frnm said data 

buffer and sending data to said data modulator, ta prnvi!le digital control to said transceiver; and 

d. an interface electrically connected to said controller for transferring digital data to a 

computer. 

2. A local area network repeater system tar transmitting and receiving network data between 

repeaters, the system comprising a plurality of re1rnatms, as recited in Claim 1, whernin said transceiver further 

comprises: 

a. a rn•synchronizar to synchronize data received by said receiver. 

3. A local area network repeater system for transmitting and receiving network date between 

repeaters, the system comprising a plurality of repeaters, as recited in Claim 1, wherein said 1rnnsr.eiver receiver 

furti1er comprises: 

a. a OSFK data detector. 

4, A local erna network repeater system for transmitting and receiving network data between 

30 repeaters, the system comprising a piurnlity of repeaters, as recited in Claim 1, wherein said transceiver receiver 

further comprises: 

a. an acknowledge signal created frnm a FSK carrier signal. 

5. A local area network repeater system tor transmitting ar,d receiving network data betweE!ri 

repeaters, the system comprising a plurality of repeaters, as recited in Claim 1, wherein said transceiver receiver 

35 further comprises: 

a. a DfSK edge detector. 
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6. A local arna network ;epeater syst1im for transmitting and receiving network data between 

repeaters, the system comprising a plurality of repeaters, as recited in Claim 1, wherein said transceiver receiver 

further comprises: 

a. a OFSK peak detector. 

7. A lar.al area network repeater system for transmitting and receiving network data between 

repeaters, the system comprising a plurality of repeaters, as rncitect in Claim 1, wherein said controller further 

rnmpri,m:: 

a. a serializer/deserializer to serialize and deserialize the data as well as insert realignment 

bits and CRC logic. 

10 8. A local area network repeater system for transmitting and receiving network data between 

repeaters, the sysrnm comprising a plurality of repeaters, comprising: 

a. a means for coupling between a local area network and an AC power line for 

transmitling and receiving data; 

b. a means for modulating e transmission carrier with network data and demodulating a 

15 transmission carrier to recover network data, said means including a means for performing differential 

frnquency shift key modtllatim1; 

c. a means for providing noise immunity to the trnnsterred data; ar.d 

d. a means for providing synchronization of the transferred data. 

9. A local area network repeater system for transmitting and receiving network data between 

20 repeater, comprising a cDntroller, whernin said controiler includss a state machine which permits the s~lection of a 

wide range of data rates witham rnquirin[1 ttrn modification of carrisr frequency. 

10. A local area camjluter network repeater system for transmitting and receiving network da,a 

between repeaters, the system comprising a plurality ot repaaters, each comprisiil!F 

means for coupling a local area network interface to a local area computer ne1w•rk or network 

25 segment for transmitting a bi directrnnal network date stream, said data stream having a bitrnte of up rn 

2 megabits per second and a data bandwidth approximately equal to said nitrate; 

30 

35 

means fur freq!.lency shift key modulati~g a trnnsmission carrier with said rm1work data stream 

and demodulating said frequency shift key modulated transmission carrier to recover network data, said 

frequency shift key mod:1lated transmission carrier having an instantaneous frequency bandwidth which is 

not substantially greater than the greatsr of either about twice said data bandwidth or the frequency 

deviation of said frequency shift key modulation, said means comprising a receivei chip which utilizes at 

ieast one stage of gain and filter, and said means providing at least about 90 decibels of gain; 

means tor coupling bi-directional network data between said netwmk interface and said carrier 

modulation and demodulation means; and 

means tor coupling said transmission carrier to an AC power line to produce a power line carrier 

signal having a frequency in the range from about 2 to about 20 megahertz. 
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11. A locai area rmtwork repeater system as recited in claim wherein said local arna network 

interface comprises a network imerface selected from the following: 

12. 

E1tmmst nmwork intmfat!l controller means; 

Token ring network interface cormoller means; 

Arcnet network interfar.e controller means; 

RS-232 interface controller means; 

flS-485 network imerface controller means; 

Seric1I data, open standard interface; and 

Parallel data interface. 

A local area network repeater systsm as rncited in claim 1 wherein said trnllsmissiori c:wier 

modulation and demodulation means further comprises transmission means selected from the following: 

Time domain multiple access means wherein carrier data moduiation and transmission is alternated 

with carrier data demodulation and data rncsp1im1, said modulation and demodulation carri1m !l!)Brntir.g or; 

the same frequency; and 

Frequency domain multiple access means wherein said carrier data modulation and transmission 

utili?es one carrier frequency and said carrier data demodulation and reception utilirns a second frnquency. 

13. A local area network rnpearnr system as recited in claim 1 further comprising repeater contrnller 

means for performing contrnl functions selected from among the following: 

initializing and c1rntrnlling said network interface means, as rnquirnd to permit transparent repeating 

of network data over the AC power line; 

monitoring said data modulated transmission carriers and arbitrating data transmissions to permit 

only one repeater at a time to transmit a carrier of a particular frequency onto the AC power line; and 

attaching and removing data preambles and addresses; reformatting data, encrypting and 

decrypting data, and prn11idi11g alternate data rnmmunications ports. 

14. A repeater system for transmission ol high frequency computer data signais through an AC power 

line, the system comprising a plurality of repeaters, each rnptHHBr wmprising: 

means for coupling input signals and output signals to a signal port; 

carrier modulation means for frequency shift key modulating a transmission carrier with said input 

signals to produce a modulated signai having a bitra!B of up to 2 megabits per second and a d,lta 

bandwidth approximately equal to said bitrata, said modulated signal having an instantaneous bandwidth 

which is not suhstantial!y greater than the greater cl either about twice said data bandwidth or the 

frnq!lency deviation of said frequency shift key m•duiation; 

demodulation means ior demodulating said modulated signal to recover said output signals, said 

modulation means further comprising means for changing the rnsonant frequency produced by an oscillator 

in rnsponse rn an input signal by driving an output port of the oscillator; 

said demodulation means further comprising means for pro11iding at least about 90 decibels of gain; 
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means for m,plinii bi-directional signals bmween said signal part and sa:d carrier modulating 2nd 

domodulatian means; and 

means ior cm1piing said transmission carrier to the AC power iirrn to produce a power line carrier 

signal having a frequency in the range from about 2 to about 20 megahertz. 

1;:; 
'-'· A method for power iine carrier data transmission, said method comprising the steps of: 

generating a carrier signai at a frequency in the range of from about 2 to 20 megahertz; 

frequency shift key modulating said carrier signal to provide a modulated carrier signal having a 

data bitrnte of up to 2 megabits per second and a data bandwidth approximately equal ta said bitrate, said 

modulated carrier signal having an instantaneous bandwidth which is not substantially greater than the 

greater of eithB, about twice said data bandwidth or the frequency deviation of said frequency shift key 

modulation: and 

coupling the frequency shift key modulated carrier signal onto an ac power line. 

16. The method of ciaim 8, further comprising 1he steps of: 

17. 

coupling the modulated carrier signal off of the AC power line; and 

demodulating the carrier signal. 

The method o! claim 8. whernin said modulating step comprises modulating the carrier signal to 

corrns11or.d to a digital data signal. 

18. The method of claim 8, whernin said modulating st1ip comprises modulatinii the carrier signal tn 

correspond to an analog data signal. 

19. The method cf claim 8, wlrnmin said modulatinii step comprises buffering with mul!i·staga 

transmitter drivers. 

stages. 

20. The mothod of claim 9, whernin said demodulating step comprisos filming the carrier signal in 

21, The method oi claim 8, further comprising the collision avoidance steps of: 

listening for trnffic on the AC power line; and 

selecting between (a) transmitting an access request alter detecting termination of a transmission, 

and 1bl beginning data transmission after detecting no other traffic. 

22. An embedded PLC communications system comprising a plurality of networked communications 

devices, each of said communications devices comprising: 

an embedded microcontrolier having a communication port; 

carrier modulation mem1s tor frequency shift key modulating e transmission carrier wi!h date 

signals frnm said communication port to produce a modulated carrier, said modulated carrier having a bitrate 

ot up to 2 megabits per second and a data bandwidth approximately equal to said bitrate, said modulated 

carrier having an instm1taneous bandwidth which is not substantially greater than the grnater of either 

about twice said data bandwidth or the frequency de\!iation of said frequency shift key modulation; and 
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a receiver comprising a dmnodulator for demoduiating said modulated carrier to recover 

corresponding data signal, said receiver comprising at least one intermediate frequency gain and filtering 

stage utilizing an intermediate frequency in the range from about 2 to about 20 megahertz and providing 

a receiver gain of at least about 80 decibels; 

means for coupling said data signals between said communication port and said carrier modulation 

means: and 

means for coupling said moduiated carrier to an AC power line. 

23. The system of claim i 7, further comprising network arbitration arid control means. 

24. The system of Claim 17, wherein said means for couplmg said trnnsmission carrier to an AC power 

l O line comprises an existi11g AC power cord. 
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application form to the USPTO. Time will vary depending upon the individual case. Any comments on the amount of time you 
require to complete this form and/or suggestions for reducing this burden, should be sent to the Chief Information Officer, U.S. 
Patent and Trademark Office, U.S. Department of Commerce, P.O. Box 1450, Alexandria, VA 22313-1450. DO NOT SEND 
FEES OR COMPLETED FORMS TO THIS ADDRESS. SEND TO: Commissioner for Patents, P.O. Box 1450, Alexandria, 
VA 22313-1450. 
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Privacy Act Statement 

The Privacy Act of 197 4 (P .L. 93-579) requires that you be given certain information in connection with your submission of the 
attached form related to a patent application or patent. Accordingly, pursuant to the requirements of the Act, please be advised 
that: (1) the general authority for the collection of this information is 35 U.S.C. 2(b)(2); (2) furnishing of the information solicited 
is voluntary; and (3) the principal purpose for which the information is used by the U.S. Patent and Trademark Office is to 
process and/or examine your submission related to a patent application or patent. If you do not furnish the requested 
information, the U.S. Patent and Trademark Office may not be able to process and/or examine your submission, which may 
result in termination of proceedings or abandonment of the application or expiration of the patent. 

The information provided by you in this form will be subject to the following routine uses: 

1. The information on this form will be treated confidentially to the extent allowed under the Freedom of Information Act 
(5 U.S.C. 552) and the Privacy Act (5 U.S.C. 552a). Records from this system of records may be disclosed to the 
Department of Justice to determine whether the Freedom of Information Act requires disclosure of these records. 

2. A record from this system of records may be disclosed, as a routine use, in the course of presenting evidence to a 
court, magistrate, or administrative tribunal, including disclosures to opposing counsel in the course of settlement 
negotiations. 

3. A record in this system of records may be disclosed, as a routine use, to a Member of Congress submitting a 
request involving an individual, to whom the record pertains, when the individual has requested assistance from the 
Member with respect to the subject matter of the record. 

4. A record in this system of records may be disclosed, as a routine use, to a contractor of the Agency having need for 
the information in order to perform a contract. Recipients of information shall be required to comply with the 
requirements of the Privacy Act of 1974, as amended, pursuant to 5 U.S.C. 552a(m). 

5. A record related to an International Application filed under the Patent Cooperation Treaty in this system of records 
may be disclosed, as a routine use, to the International Bureau of the World Intellectual Property Organization, pursuant 
to the Patent Cooperation Treaty. 

6. A record in this system of records may be disclosed, as a routine use, to another federal agency for purposes of 
National Security review (35 U.S.C. 181) and for review pursuant to the Atomic Energy Act (42 U.S.C. 218(c)). 

7. A record from this system of records may be disclosed, as a routine use, to the Administrator, General Services, or 
his/her designee, during an inspection of records conducted by GSA as part of that agency's responsibility to 
recommend improvements in records management practices and programs, under authority of 44 U.S.C. 2904 and 
2906. Such disclosure shall be made in accordance with the GSA regulations governing inspection of records for this 
purpose, and any other relevant (i.e., GSA or Commerce) directive. Such disclosure shall not be used to make 
determinations about individuals. 

8. A record from this system of records may be disclosed, as a routine use, to the public after either publication of 
the application pursuant to 35 U.S.C. 122(b) or issuance of a patent pursuant to 35 U.S.C. 151. Further, a record 
may be disclosed, subject to the limitations of 37 CFR 1.14, as a routine use, to the public if the record was filed in 
an application which became abandoned or in which the proceedings were terminated and which application is 
referenced by either a published application, an application open to public inspections or an issued patent. 

9. A record from this system of records may be disclosed, as a routine use, to a Federal, State, or local law 
enforcement agency, if the USPTO becomes aware of a violation or potential violation of law or regulation. 
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Confirmation Number: 2211 

Title of Invention: 
SYSTEM AND METHOD OF COMMUNICATION USING AT LEAST TWO 
MODULATION METHODS 

First Named Inventor/Applicant Name: 8023580 
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Filer Authorized By: Michael Vincent Battaglia 

Attorney Docket Number: 3277-0114US-RXM 1 
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7 Non Patent Literature 28_Part2.pdf no 18 
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1983b 
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Information: 

25109453 

8 Non Patent Literature 2_Partl .pdf no 184 
048fab681 5 3f6b2a9f22aad 5 2f690acf8c250 

014 
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9 Non Patent Literature 2_Part2.pdf no 188 
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353f4 
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Information: 

10744884 

10 Non Patent Literature 2_Part3.pdf no 87 
b8b30049824ef26Seddfb904fe0371 e8a3a 1 

df48 

Warnings: 

Information: 

1011036 

11 
Information Disclosure Statement (IDS) 

SB08.pdf no 15 
Form (SB08) 
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7f632 

Warnings: 

Information: 

97308 

12 Reexam Certificate of Service certificate_of_service.pdf no 1 
9fb5a66881613e0aad03048e97516e0cac1 

1c8da 

Warnings: 

Information: 

Total Files Size (in bytes) 177319936 

This Acknowledgement Receipt evidences receipt on the noted date by the USPTO of the indicated documents, 
characterized by the applicant, and including page counts, where applicable. It serves as evidence of receipt similar to a 
Post Card, as described in MPEP 503. 

New Agglications Under 35 U.S.C. 111 
If a new application is being filed and the application includes the necessary components for a filing date (see 37 CFR 
1.53(b)-(d) and MPEP 506), a Filing Receipt (37 CFR 1.54) will be issued in due course and the date shown on this 
Acknowledgement Receipt will establish the filing date of the application. 
National Stage of an International Agglication under 35 U.S.C. 371 
If a timely submission to enter the national stage of an international application is compliant with the conditions of 35 
U.S.C. 371 and other applicable requirements a Form PCT /DO/EO/903 indicating acceptance of the application as a 
national stage submission under 35 U.S.C. 371 will be issued in addition to the Filing Receipt, in due course. 
New International Agglication Filed with the USPTO as a Receiving Office 
If a new international application is being filed and the international application includes the necessary components for 
an international filing date (see PCT Article 11 and MPEP 181 O), a Notification of the International Application Number 
and of the International Filing Date (Form PCT/RO/1 OS) will be issued in due course, subject to prescriptions concerning 
national security, and the date shown on this Acknowledgement Receipt will establish the international filing date of 
the application. 
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CERTIFICATE OF SERVICE 

Control No. 90/013,808 
Patent No. 8,023,580 

It is hereby certified that on this 10th day of December, 2018, the foregoing NOTICE OF 
EXPIRATION OF '580 PATENT, REQUEST FOR A PHILLIPS CLAIM 
CONSTRUCTION OF CLAIMS 2 AND 59 OF THE '580 PATENT, AND 
SUPPLEMENTAL BRIEF was served, by first-class U.S. Mail, on the attorney ofrecord for 
the third-party Requesters Samsung Electronics Co., Ltd. and Samsung Electronics America, 
Inc., at the following address: 

cc: Nancy J. Linck, Ph.D. 

J. Steven Baughman, Esq. 
Ropes & Gray LLP 

IPRM - Floor 43 
Prudential Tower 

800 Boylston Street 
Boston, Massachusetts 02199-3600 

Phone:202-508-4606 
Facsimile: 202-383-8371 

/Michael V. Battaglia/ 
Michael V. Battaglia 
Reg. No. 64,932 

Counsel for Rembrandt Wireless Technologies, LP 
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IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 

In Ex Parte Reexamination of 

Gordon F. BREMER 

Patent No.: 8,023,580 B2 

Issued: September 20, 2011 

Reexam Request Filed: September 12, 2016 

Group Art Unit: 3992 

Control No.: 90/013,808 

For: SYSTEM AND METHOD OF COMMUNICATION USING AT LEAST TWO 
MODULATION METHODS 

Mail Stop Ex Parte Reexam 
ATTN: Central Reexamination Unit 
Commissioner for Patents 
P.O. Box 1450 
Alexandria, VA 22313-1450 

NOTICE OF EXPIRATION OF '580 PATENT, REQUEST FOR A PHILLIPS CLAIM 
CONSTRUCTION OF CLAIMS 2 AND 59 OF THE '580 PATENT, AND 

SUPPLEMENTAL BRIEF 

In this above-referenced reexamination of claims 2 and 59 of U.S. Patent No. 8,023,580 

("the' 580 Patent"), Patent Owner Rembrandt timely filed its Appeal Brief on March 19, 2018. 

The Office has not yet filed its Answer. Rembrandt submits this paper to notify the Office that 

the '580 Patent expired on December 5, 2018, a fact that impacts the pending appeal. In view of 

the '580 Patent's expiration, Rembrandt requests that the Office (1) construe claims 2 and 59, 

including the "at least two types of modulation methods" limitations, under Phillips v. AWH 

Corp., 415 F.3d 1303, 1316, 75 USPQ2d 1321, 1329 (Fed. Cir. 2005), and (2) in view of the 

proper construction under Phillips, reconsider and withdraw its rejections. 

In the event that the rejections are not withdrawn, Rembrandt respectfully submits that 

good cause exists for the Board to consider the arguments below because (i) the term of the '580 
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Patent had not expired when the Appeal Brief was filed on March 19, 2018, and the authority 

cited below with respect to claim construction of an expired patent did not become relevant until 

the '580 Patent expired on December 5, 2018, and (ii) the arguments below are consistent with 

arguments made in the Appeal Brief See, e.g., Appeal Brief at 48-49, 52-55, 84, 88-89, 116-

117. 

Significantly, the Office's rejections and supporting arguments in its Final Office Action 

("FOA") are based on the wrong claim construction in view of the expiration of the '580 Patent. 

And, in this case, the differences between the Office's construction and that under Phillips 

dictate a different outcome, given that none of the references (including the primary reference 

Snell) discloses or would have suggested at least two different families of modulation. 

The proper claim construction of the '580 Patent under Phillips is a question of law that 

was finally and conclusively resolved in Rembrandt's favor by the Federal Circuit in Rembrandt 

Wireless Technologies v. Samsung Electronics Co., 853 F.3d 1370, 1375-77 (Fed. Cir. 2017) -

an appeal brought by Samsung (the Requestor of this reexamination). The criticisms raised by 

the Office to Rembrandt's construction of "different types" were raised by the Requestor and 

were rejected by the Federal Circuit. As a result, the proper construction of the '580 Patent 

under Phillips is now settled law, and the Office is required to apply the Federal Circuit's claim 

construction going forward in this matter. See, e.g., In re CSE-System International, 832 F.3d 

1335, 1341 (Fed. Cir. 2016 ("When a patent expires during a reexamination proceeding, the PTO 

should thereafter apply the Phillips standard for claim construction."). The court in CSE-System 

cited Facebook, Inc. v. Pragmatus AV, LLC, 582 Fed. Appx. 864, 868-69 (Fed. Cir. 2014) and 

noted that the court in Facebook "appl[ied] the Phillips standard when patent expired after the 

2 

IPR2020-00033 Page 02181



Control No. 90/013,808 
Patent No. 8,023,580 

Board's reexamination decision pending appeal to the Federal Circuit". 832 F.3d at 1341; MPEP 

§ 2258(I)(G) ("In a reexamination proceeding involving claims of an expired patent, claim 

construction pursuant to the principle set forth by the court in Phillips v. AWH Corp., 415 F .3d 

1303, 1316, 75 USPQ2d 1321, 1329 (Fed. Cir. 2005) ... should be applied since the expired 

claim are not subject to amendment. ... "). 

In the related district court litigation, Rembrandt Wireless Technologies v. Samsung 

Electronics Co., 853 F.3d 1370, 1375-77 (Fed. Cir. 2017), both the district court and the Federal 

Circuit applied a Phillips claim construction and determined that the limitation "modulation 

method[] of a different type" in claims 2 and 59 required at least two "different families of 

modulation techniques, such as the FSK family of modulation methods and the QAM family of 

modulation methods." Id at 1377. The Office in this reexamination and the Board in the related 

IPRs refused to construe "modulation method [] of a different type" to require at least two 

"different families of modulation techniques." Instead they construed the claims under an 

alleged "broadest reasonable interpretation" and determined that their construction did not 

require at least two "different families of modulation techniques." 

Given that the '580 Patent has expired, application of the broadest reasonable 

interpretation is no longer proper and cannot stand. Thus, Rembrandt respectfully requests that 

the outstanding rejections be reconsidered in light of the expiration of the '580 Patent and of the 

proper construction of "at least two different types" to require at least two "different families of 

modulation techniques," as Rembrandt previously requested prior to the '580 Patent's expiration. 

See, e.g., Rembrandt's Appeal Brief, at 39-56; Claim Construction Order (Exhibit F to Appeal 

Brief) and the documents cited in Rembrandt's Appeal Brief relating to claim construction 

3 
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(including the two Akl declarations). Additionally, Rembrandt submits the Declaration of Dr. 

Christopher R. Jones (previously submitted in IPR2014-518 as Ex. 2214) (attached), in which 

Dr. Jones explains why the modulation methods disclosed in Boer do not satisfy the limitations 

of claims 2 and 59 that require different modulation types (ones that are not in the same family), 

when properly construed under Phillips. Jones Deel. ,-i,i 28-41, 44, & 55-62. Dr. Jones' 

testimony regarding Boer would apply with at least equal force to the disclosure of BPSK and 

QPSK in Snell and Harris. 

Any fee required for this submission may be charged to Counsel's Deposit Account 

Number 02-2135. 

Date: December 10, 2018 

Respectfully submitted, 

By: /Michael V. Battaglia/ 
Michael V. Battaglia, Reg. No. 64,932 
ROTHWELL, FIGG, ERNST 
& MANBECK, P.C. 

607 14th Street, N.W., Suite 800 
Washington, DC 20005 
Phone:202-783-6040 
Facsimile: 202-783-6031 

Attorney for Petitioner 
Rembrandt Wireless Technologies, LP 

cc: Nancy J. Linck, Ph.D. 
Counsel for Rembrandt Wireless Technologies, LP 

4 
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Filer Authorized By: Michael Vincent Battaglia 

Attorney Docket Number: 3277-0114US-RXM 1 
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Multipart Description/PDF files in .zip description 

Document Description Start End 

Reexam Certificate of Service 5 5 

Notice of concurrent proceeding(s) 1 4 

Warnings: 

Information: 

520765 

2 
Trans Letter filing of a response in a 

DEC.pdf no 40 
reexam 
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cd922 
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This Acknowledgement Receipt evidences receipt on the noted date by the USPTO of the indicated documents, 
characterized by the applicant, and including page counts, where applicable. It serves as evidence of receipt similar to a 
Post Card, as described in MPEP 503. 

New Agglications Under 35 U.S.C. 111 
If a new application is being filed and the application includes the necessary components for a filing date (see 37 CFR 
1.53(b)-(d) and MPEP 506), a Filing Receipt (37 CFR 1.54) will be issued in due course and the date shown on this 
Acknowledgement Receipt will establish the filing date of the application. 
National Stage of an International Agglication under 35 U.S.C. 371 
If a timely submission to enter the national stage of an international application is compliant with the conditions of 35 
U.S.C. 371 and other applicable requirements a Form PCT /DO/EO/903 indicating acceptance of the application as a 
national stage submission under 35 U.S.C. 371 will be issued in addition to the Filing Receipt, in due course. 
New International Agglication Filed with the USPTO as a Receiving Office 
If a new international application is being filed and the international application includes the necessary components for 
an international filing date (see PCT Article 11 and MPEP 181 O), a Notification of the International Application Number 
and of the International Filing Date (Form PCT/RO/1 OS) will be issued in due course, subject to prescriptions concerning 
national security, and the date shown on this Acknowledgement Receipt will establish the international filing date of 
the application. 
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APPLICATION NO. FILING DATE FIRST NAMED INVENTOR 

90/013,808 09/12/2016 

6449 7590 12/21/2018 

ROTHWELL, FIGG, ERNST & MANBECK, P.C. 
607 14th Street, N.W. 
SUITE 800 
WASHINGTON, DC 20005 

8023580 

UNITED STATES DEPARTMENT OF COMMERCE 
United States Patent and Trademark Office 
Address: COMMISSIONERFORPATENTS 

P.O. Box 1450 
Alexandria, Virginia 22313-1450 
www.uspto.gov 

ATTORNEY DOCKET NO. 

3277-0114US-RXM1 

CONFIRMATION NO. 

2211 

EXAMINER 

GE. YUZHEN 

ART UNIT PAPER NUMBER 

3992 

MAIL DATE DELIVERY MODE 

12/21/2018 PAPER 

Please find below and/or attached an Office communication concerning this application or proceeding. 

The time period for reply, if any, is set in the attached communication. 

PTOL-90A (Rev. 04/07) 
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UNITED STATES PATENT AND TRADEMARK OFFICE 

DO NOT USE IN PALM PRINTER 

(THIRD PARTY REQUESTER'S CORRESPONDENCE ADDRESS) 

ROPES & GRAY LLP 
IPRM DOCKETING- FLOOR 43 
PRUDENTIAL TOWER 
800 BOYLSTON STREET 
BOSTON, MA 02199- 3600 

Commissioner for Patents 
United States Patent and Trademark Office 

P.O. Box 1450 
Alexandria, VA 22313-1450 

www.uspto.gov 

EX PARTEREEXAMINATION COMMUNICATION TRANSMITTAL FORM 

REEXAMINATION CONTROL NO. 90/013,808. 

PATENT UNDER REEXAMINATION 8023580. 

ART UNIT 3992. 

Enclosed is a copy of the latest communication from the United States Patent and Trademark 
Office in the above identified ex parte reexamination proceeding (37 CFR 1.550(f)). 

Where this copy is supplied after the reply by requester, 37 CFR 1.535, or the time for filing a 
reply has passed, no submission on behalf of the ex parte reexamination requester will be 
acknowledged or considered (37 CFR 1.550(g)). 

PTOL-465 (Rev.07-04) 
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Control No. 
90/013,808 

Patent Under Reexamination 
8023580 

Notice of Intent to Issue 
Ex Parle Reexamination Certificate Examiner 

YUZHEN GE 
Art Unit 
3992 

AIA Status 
No 

-- The MAILING DA TE of this communication appears on the cover sheet with the correspondence address --

1. 0 Prosecution on the merits is (or remains) closed in this ex parte reexamination proceeding. This proceeding is 
subject to reopening at the initiative of the Office or upon petition. Cf 37 CFR 1 .313(a). A Certificate will be issued in 
view of 
(a) 0 Patent owner's communication(s) filed: 10 December 2018. 
(b) D Patent owner's failure to file an appropriate timely response to the Office action mailed: __ . 
(c) D Patent owner's failure to timely file an Appeal Brief (37 CFR 41.31 ). 
(d) D The decision on appeal by the D Board of Patent Appeals and Interferences D Court dated __ 

(e) 0 Other: __ . 

2. The Reexamination Certificate will indicate the following: 
(a) Change in the Specification: D Yes 0 No 
(b) Change in the Drawing(s): D Yes 0 No 
(c) Status of the Claim(s): 

(1) Patent claim(s) confirmed: 2 and 59. 
(2) Patent claim(s) amended (including dependent on amended claim(s)): __ 
(3) Patent claim(s) canceled: __ . 
(4) Newly presented claim(s) patentable: __ . 
(5) Newly presented canceled claims: __ . 
(6) Patent claim(s) 0 previously D currently disclaimed: 32,34,40 and 43-44 
(7) Patent claim(s) not subject to reexamination: See Continuation Sheet. 

3. DA declaration(s)/affidavit(s) under 37 CFR 1.130(b) was/were filed on __ . 

4. 0 Note the attached statement of reasons for patentability and/or confirmation. Any comments considered necessary 
by patent owner regarding reasons for patentability and/or confirmation must be submitted promptly to avoid 
processing delays. Such submission(s) should be labeled: "Comments On Statement of Reasons for Patentability 
and/or Confirmation." 

5. 0 Note attached NOTICE OF REFERENCES CITED (PTO-892). 

6. 0 Note attached LIST OF REFERENCES CITED (PTO/SB/08 or PTO/SB/08 substitute). 

7. D The drawing correction request filed on __ is: • approved • disapproved. 

8. D Acknowledgment is made of the priority claim under 35 U.S.C. § 119(a)-(d) or (f). 
a) D All b) D Some* c) • None of the certified copies have • been received. 

Onot been received. 
Obeen filed in Application No. __ . 
• been filed in reexamination Control No. __ 
• been received by the International Bureau in PCT Application No. __ . 

* Certified copies not received: __ . 

9. D Note attached Examiner's Amendment. 

10. D Note attached Interview Summary (PTO-474). 

11.0 Other: __ 

All correspondence relating to this reexamination proceeding should be directed to the Central Reexamination Unit at 
the mail, FAX, or hand-carry addresses qiven at the end of this Office action. 
NUZHEN GE/ /Drew Fischer/ /Stephen Stein/ 
Primary Examiner, Art Unit 3992 SPE, Art Unit 3992 MQAS, CRU 

cc: Requester (if third party requester) 
U.S. Patent and Trademark Office 
PTOL-469 (Rev. 08-13) Notice of Intent to Issue Ex Parte Reexamination Certificate Part of Paper No. 20181219 

IPR2020-00033 Page 02188



Continuation Sheet (PTOL-469) Reexam Control No. 90/013,808 

Continuation of 2. (c) Status of the Claim(s)- (7) Patent claim(s) not subject to reexamination: 3,6-9, 11-
12, 14-19,23-31,33,35-37,39,41-42,45-46,48-53,55-56,60,63-65,67-69 and 71-75 
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Application/Control Number: 90/013,808 
Art Unit: 3992 

REEXAMINATION OF U.S. PATENT 8,023,580 

Notice of Intent to Issue a Reexam Certificate (NIRC) 

Page 2 

This NIRC addresses the ex parte reexamination of U.S. Patent No. 8,023,580 ("the 

5 '580 Patent). 

I. PATENTABLE/CONFIRMED SUBJECT MATTER 

Claims 2 and 59 are confirmed. Below is the reason for the confirmation: 

As acknowledged by the Patent Owner, the '580 Patent expires on Dec. 5, 2018. As a 

10 result, the broadest reasonable interpretation of claim terms is no longer proper for the claims in 

this reexamination proceeding. The claim limitations, including the "at least two types of 

modulation methods" or "different types of modulation method," should be interpreted under 

Phillips v. AWH Corp., 415 F.3d 1303, 1316, 75 USPQ2d 1321, 1329 (Fed. Cir. 2005). 

Federal Circuit, in Rembrandt Wireless Technologies v. Samsung Electronics Co., 853 

15 F.3d 1370, 1375-77 (Fed. Cir. 2017), applied a Phillips claim construction and determined that 

the limitation "modulation method of a different type" in claims 2 and 59 required at least two 

"different families of modulation techniques, such as the FSK family of modulation methods and 

the QAM family of modulation methods." Id. at 1377. 

Because the prior art on the record does not teach different types of modulation methods 

20 as different families of modulation techniques such as the FSK family of modulation methods 

and the QAM family of modulation methods, claims 2 and 59 are confirmed. 
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Application/Control Number: 90/013,808 
Art Unit: 3992 

II. CONCLUSION 

Page 3 

Patent owner is reminded of the continuing responsibility under 37 CFR l .565(a), to 
apprise the Office of any litigation activity, or other prior or concurrent proceeding, involving the 
'285 patent throughout the course of this reexamination proceeding. See MPEP § § 2207, 2282 

5 and 2286. The third party requester is similarly apprised of the ability to disclose such 
proceedings. 

All correspondence relating to this ex parte reexamination proceeding should be directed 
as follows: 
By U.S. Postal Service Mail to: 

10 Mail Stop Ex Parte Reexam 

ATTN: Central Reexamination Unit 

Commissioner for Patents 

P.O. Box 1450 

Alexandria, VA 22313-1450 

15 

20 

By FAX to: 

(571) 273-9900 

Central Reexamination Unit 

By hand to: 

Customer Service Window 

Randolph Building 

401 Dulany St 

Alexandria, VA 22314 

Registered users of EFS-Web may alternatively submit correspondence via the electronic 
25 filing system at https;//efs.uspto.~;ov/efile/n,.,vporta1/efs-registered 

Any inquiry concerning this communication or as to the status of this proceeding, should 
be directed to Yuzhen Ge at telephone number (571) 272-7636. 

30 /YUZHEN GE/ 
Primary Examiner, Art Unit 3992 
Central Reexamination Unit 

Conferees: 
35 /Drew Fischer/ 

Patent Reexamination Specialist, Art Unit 3992 
Central Reexamination Unit 

/Stephen Stein/ 
40 Managing Quality Assurance Specialist 
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