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zone, thereby creating an updated
first set of base transmitters and an

updated second set of base
transmitters

 

  
  

  
 

2604
 

  

  
  Transmitting substantially

‘ simultaneously a third information
signal and a fourth information signal,
the third information signal being
transmitted in simulcast by the
updated first set of base transmitters,

and the fourth information signal
being transmitted in simulcast by the
updated second set of base
transmitters

 
  
  

  
2506

 

  
 

 

39



40

USJ%wm hmnmw smunun SSHJN

 

  

NE“mm._.m
_oo9o,_n_cflmm_m3U_>__U:_.._mU.mmIxgowwm_cuflmmW:u_mm_m>_m~:_.\ U;M_>>._Dfl|...|HI

3:_..~__.~«EN8:
wzmx

_ooo..o_n__m.>.m.E_U._m2:on_

.\83

Gkmmi.REN..m.<k

_mZmE_.m..:mE_CO_u.:@fi.._0Um...:m>m¢

_W>...m.:..___m>._u_:__m>._u:.__MEDmm.w...mm03¢m_Em>§_m.:n_NQ>>n_,Na.o_.z.Eo::..mmE.sE2m>mNE25asmew3:_ouo5_n_m_u>o

Hwummr996

 

mcfim

\vx\.m.WGxk

40



41

U.S. Patent

2800

 
Jun. 22,1999 Sheet 28 of 30 f,915,210

F/6. 28/4}

   Send a message to disable the

registration feature
2802

 

 
  
 

Store the number of probe

signals sent and a number ct

messages successfully
delivered
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 Process the stored number of

probe signals and number of

messages succesfully
delivered to evaluate a

likelihood that a probe signal

will be required to be sent by
the network to locate the mobile

transceiver

 
  

  
ZEUS

 
  

  
  Send a message to the mobile

unit to enable the mobile

lransceiver's capability to

transmit a registration signal if
the likelihood exceeds a

selected value
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Send a message to enable the
registration feature

Store the number of registration

signals received and a number

of messages successfully
delivered

Process the stored number of

registration signals and
number of messages

succesfully delivered to
evaluate a liklihood that a

registration signal will be

received by a base receiver in
the network that will not be

used by the network to
determine a set of base

transmitters to be operated to

transmit a message to the
mobile transceiver

 
 

 Send a message to the mobile
unit to disable the mobile

transceivers capability to

transmit a registration signal it
the likelihood exceeds a
selected value
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1
METHOD AND SYSTEM FOR PROVIDING

NIULTICARRIER S[Ml.|U.'Ja\S'I’
‘TRANSMISSION

This application '5 a conunuation of application Ser. No.DE.-".l6{l_457, filed Dec. 6. I996. now abandoned, which is a
Rule 60 continuation of prior application Ser. No. DW973.
glli, filed Nov. 12, 1992, mw US. Pat. No. 5.590.103.

BACKGROUND OF THE INVENTION
A. Field of the invention
The present invention relates to methods and systems Eur

providing two-way communication capability between a
central network and I mobile unit over I relatively large
area. and more particularly to such methods and systems
which afluw for rapid communication nflarge mmsages and
efinient use crfsyslcm resources.

3. Description of the Related Art
Conventional two-way ponablelmnbilz wireless messag-

ing systcnts often provide a variety of services to subscrib-
ers. Conventional messaging systems in pa11iD.l]nt" provide
one-way services using store and forward techniques to
mobile receivers carried by the sttlz-scriber. A fundamental
goal of two-way messaging systems is to provides network
of interconnected transmitters and receivers which provides
snlfirzieot Lrarnitrerd signal strength and receive capability
to uniformly cover a geographic region. Sonar: cnnvcnlionel
messaging systems provide the message to the user on a
small viewing screen on the mobile unit.

However. such conventional systems often s.1.t|Ir:r [rum
problems associated with low system throughput. evidenced
by slow message delivery and message sine limitation: and
do not provide an arzkmawledgntent feature wherein the
mobile unit transmits an acknowledgment signal to the
system to acknowledge reoetpl of the message from the
system. Generally. system throughput refers to overall oom-
murticatica capability of a system as defined by the total
amount of manage data from the system to the mobile units
transferred by the system during a given period of lime
divided by the frequency bandwidth necessary to transmit
the message data and may be rrteasured in bits transferred
per H1. Further. such conventional systems suller from
technical problems preventing consistent wide area cover-
age and would require extremely wide ponio of valuable
frequency bandwidth to achieve acceptable sfitem through-
put rates.

Simulcast technology in oontntuniuttion systems was
originally developed to extend transmitter coverage beym-rd
that which could be obtained from a single transrniller. Over
time. however. simulcaslitlg has evolved into a technique
capable of providing continuous coverage In a large area.

Generally. simulcast technology provides multiple
rransu:it:ars.apernting on substantially the same frequencies
and transmitting the saint: information positioned to cover
extended areas. As shown in FIG. I, transmitter 100 gener-
ally provides ctrveragc over area A. D, and E. transmitter
102 generally provides coverage over area 3, D. and E. and
transmitter 104 generally provides coverage (wet area C, E,
and F. ln some cases. the coverage area oi’ a first trarntnitter
may be entirely enclosed within the mveragc area of another
Iransmirtermucb as in building interiors and va]lcytr.I11 areas
where one (and only one) transmitter dominates (e.g,. areas
A. 8. and C in FIG. 1). simulcast is efiective because the
other transmitters no not signitlcaruly nllect receivers in
those areas

However. in "overlap" areas D, E. and F shown in FIG. I.
where the signals from two or more transmitters no anomal-
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2
mately equal. problems can arise because destructive inter-
Eerenne of signals oocurs in these overlap areas such as areas
D, E, and F. Dutructivc interference occurs when [he two
aigals are equal in magnitude and 130" out of phase and
completely cancel each other. While there were some
successes. reliable design procedures were not available.

Altcmpnng to precisely synchronize the carrier Erequen—cics of all simulcast transmitter-s does not overcome the
problem because points (i.e_ nodes} at which nestntclive
summing occurred persisted for long periods of little. at
such polls. a mobile receiver can not receive the simulcast
signal.

Deliberately oliselring the carrier Ereque notes of adjacent
transmitters can ensure that destructive interference does not
persist at nnepoint for an extended period of time. The slight
errors in Ireqttenlcy displayed by high quality reference
oscillators (e.g., 21] hertz rsnors in 100 MHz signals or at law
parts in 101) render deliberate ulinelting unnecessary.
Further, tnnrcly ofilscltlng the carrier frequencies could not
gunrartlr-6 acceptable quality demodulation because proper
alignment of the modulating signals in time is also required.

FIG. 1 displays the situation at, for example, point D in
FIG. 1 when modulating waveforms are synchronized and
includes coverage boundary 2052 Eon: a firs! transmitter and
a second transmitter coverage boundary Ill! from a second
adjacent transmitter. An equi-signal boundary 2ElIl exists
where the signals Erom the lirst and soeuttd transmitters have
approximately equal signal strengths. A more realistic equi-
sigrtal boundary woulcl talte into account natural and an-
made topography and propagation conditions, and therefore
would probably not he a straight line.

FIGS. 3 and -I generally illustrate various signals as they
may occur at or near the nquiasignal boundary 20!] as shown
in FIG. 2. ln putimtlar, FIGS. 3 and 4 illustrate various
aspncls of ntodulation synchronization and how altering
tranr-mission parameters may alfect the synchronization. In
general. there are at least three sources which cause the
signals fro the lirsl. transmitter and the second transtnittnr
to he out of synchronization: (1) timing shifls to the delivery
of the modulating waveform to each of the transmitters; (2)
tirning shills internal to each transntilter. and (3) timing
sltifls caused by propagation distances and anomalies. From
the perspective ole receiver located in an overlap me. these
three sources of titningshifiseomhine to produce an overall
liming shifts between the received signals from the firal and
sound uatnrrnitlcrs. In current commercial practice. the
summation of these three components results in time shifts
of about me microseconds. Tltr. timing t-ltifi present in
simulcast systems dlsadvantageously limits the baud rate at
which information may be transferred. to geeral. FIGS. 3
and 4 will also illustrate how timing shifts prevents big:baud rate Lransmals-sicns.

A time line representation of a signal 3136 from a lirsl
transmitter is shown in FIG. SM) and a signal 308 from a
second transmitter is shown in FIG, both from the
perspective ofa receiver located in an overlap area. Vertical
dashed lines 300 represent baud intervals on the time axis.
As can beseert from FIGS. 3{A}and (Bl, lhesignalafllli and
3113 are frequency modulated between I high and it low
frequency value and the signals SM and 308 are exactly in
phase As will be: appreciated, the timing mill between
signals 306 and 305 must be small when compared lo the
baud interval shown in l-'lt:lS.3lA) and lb) since signalsilta
and 308 are in synchronization. Of course. as the baud
interval decreases. the tinting shim; will likely cause signals
306 and 335 to be out of synchronisation.
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FIGS. 3'!’-71 (D). and (E) show the summation of these

two signals 306 and Jill! at an equiaigtlal boundary, such as
boundary 300 in FIG. 3. FIG. 3(C} shows a wmposite signal
310 indicating that the frequency inionnatiou remain
unchanged, FIG. 3(D) shows a linear graph 312 of the
ttlative phase diflenenoe caused by a slight carrier frequency
difference between the signals {roan the first transmitter and
the second transmitter. FIG. 3(3) shows a composite ampli-
tude signal 314. A noise threshold is indicated by the
horizontal dashed lint: 304 in FIG. 3-(E).

or interest. FIG. 30:‘) abows the composite amplintda
signal 314 dipping below the noise threshold JIM at an
anti-pllase oondilion 309 (e.g., when the relative phase angle
is 1150'. as shown i.rt FIG. J(D}].As can be’ seen from FIG.

3{l':2. the anti-phase uouditinn Jlfl caused by the slight phaaeshi hetweett I.rl.llSilZIill¢l 1 and transmitter 1 will not cause
any lam nfdata beams: the anti-phase condition persists for
only a small portion or the baud interval.

The slight oEse1 f the carrier troqueneies between the
flrsl and second transmitters causes a slow drift of the
relative phase of the two signals, as shown in FIG. 3(D).
When the signals are 2180' out of phase. ttteletnpnrary clip
in the amplitude signal may cause the Loss of a few bits in
the composite signal, at worst. These errors can be counter-
acted with a conventional error correcting code, such as is
commonly lorown.

FIG. 4 straws a set“ of similar signals to those in FIG. 3.
but wherein the signal £01 from the first transmitter is ofiaet
{rt-.~m.or out c-Esyncbrnnizatinn with, the signal-tlltt Emm the
second transmitter by a full baud. In particular. signal 404
tags signal 402 by one band interval. As previously
discussed. the offset of sigrtalti M12 and #04 may be caused
by various liming shifts in the delivery of both signal: 402
and -I-04 to a receiver in an overlap area. FIGS. 40%) met (B)
illustrate the extreme case where the sum of these timing
shifts is equal In the baud interval shown by dashed lines
-100. As can be seen in FIG. 4((?), composite signal 405
includfi a period of ittdetenrtinale frcqtlcncy which unde-
sirably covets several entire baud intervals and, therefore.
successful demodulation is impoatihle during those baud
interval.-5. !l' the baud interval were inert: ased to minimize the
other of these liming shins, data loss would be less likely.
Therefore. it can be seen that the baud rate at which good
data transfer can he armomplished is limited by the timing
shifts between signals delivered to receiver: in overlapareas.

Tltrnugtt these examples. it can be seen that high degrees
or modulation synchronization matte it possible to obtain
good data demodulation in a sirnuteaet system. However. the
baud rate limitation of simulcast systems is a significant
drawback and limits system I.htoug|1puL

All alternative to simulcast for wide area coverage is
assignment of orthogonal, non-overlapping subdivisions of
the available system capacity to adjacent areas. Subdivisions
can be made in tithe [e.g.. broadcastittg the itziortnatiott on
the same frequency in dilferenl time slots to adjacent areas).
or in Ezcque1:ley(e.g., broadcasting the information simulta-
nonuxly on difierent frequencies in adj aoent areas). There are
several problems with such orthogonal systems. however.
First, orthogonal assignments require tuning the teoeiver to
the assigned frequency or time channel for the area in which
the receiver cu rrently resides. la the broadcast services every
traveler has experienced the lituatration ofti riding the eorreet
ehsnoei for their favorite programs. Simulcast operation
avoids the need for scanning and ru-tuning as the mobile unit
moves between areas. Such ar.-anning and I'D-ltllilltlg also
disadvaotageously increases mobile unit power eon5t.trap-lion
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Second. and more serious. the orthogonal asaigrunent

approach drastically reduos the system throughput capacity
as. measured in bits per Hz because anywhere from 3 to 7,
or possibly more. orthogonal aaaigamenla are required to
obtain continuous area coverage in most conventional
orthogpnal systems. ‘This waste of capacity is somewhat
recouped it’ the same information is not needed throughout
the service area because a given piece of infiormalion isserlt
only to those cells wlterc it is needed.

Conventional oeltular radinservioe is a typical example of
an orthogonal system. In cellular, the same fiequeucica are
reused in spatially separated all: to allow different data to
be transmitted to diflferent mobile unils..-kn example of llnee
cellular arrangements is shown in FIG. 5 where the number
ofoells (N) is equal to 3. 4. and ‘F. Each cell (i.e.. A, B. C.
. . . J in conventional cellular service usually only includes
a single transmitter and operates in a ditiemtt Frequency or
lime division within the communication protocol. At shown
in FIG, 5. ooliular service generally locates transmitters
utilizing the same division (all the “A" transmitters) far
enough apart to reduce the likelihood of interference
between such tmtstrtilters. Asttua number of oells increases.
the llltelihood of interference decreases. For example, with
N-3 I-5 shown by arrangement 500 in Fit}. 3, the distance
between the unverag anza uf“A" oells isahout it cell width,
with N-‘l in arrangement Sill, the distance hetwnen the
coverage areas of "A" eelli is slightly target. and with N-7
in arrangement 50-! the distance between “A” oelis is latgar
than the width at one oell.

However. as the number of cells inereasett. the length of
the individual time intervals per cell decreases for time
division multiplexed systems, thereby decreasing the sys-
tems tolat ittforrnzttion transfer. In frequency division
sysles. are cells undesirably increases the frequency
bandwidth required. Therefore, system throughput in bits
per Hz is decreased as the number of delta increases.
Furlhermnre. cellular syslct-as often require an electronic
"lIano‘.ahalte" between system and mobile unit to identify the
specific coll (i.e. transmitter) in which the mobile unit is
located to allow capacity reuse.

ll. SUMMARY OF THE. lNV'ENl'lDN
The systems and methods of the present invention have a

wide variety of objects and advanlagu. The systems and
methods of the present invention have as It primary object to
provide a communication system with will: area coverage
and high message tbrrruglzpnt while minimizing frequency
bandwidth usage.

It is an obiect of the invention to provide it simulcast
onmmttnication system with a high data transfer rate which
does not exceed the baud rate limitation of mulcast
transtnisaion.

It is a further object of the present invention to provide a
communication system which provides for superior data
communication integrity.

Yet another object of the invention is to provide a mobile
transceiver unit which prevents unnecessary RF
interference. particularly on commercial aircraft. Still
further. it is an object of the invention to provide it atone
based eomutuniealittn system which may dynmtlually rede-
tine none boundaries to itnprove inforrnalion throughput.

Anolherobjectofthe invention is toprovide a none based
Bl.tI'.l'llll.'I.§t communication system which can efleetivelycommunicate with both mobile Iranatxiver unit: located
near the center of each tone as well as obile Ltsnsosiver
units located within the overlap areas between two or morerrnnes.
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Atiiitinnal objects and advantages nflhe invention will be

set forth in part in the description which follows. and in part
will be obvious from the description. or may be teamed by
practicing the invention. The objects and adualagea of the
invention will be realized and attained by means of the
elements and combinatitars particularly pointed out in lite
appended claims.

To achieve the objects and in accordance with the purpose
of the invention. as embodied and broadly described herein.
the invention is director! in a method for information trans-
mission by a plurality of trunsrrttlters to provide broad
communication capability over a region ofspane, the infor-
mation trttrtsntission occurring during at least both a lirst
lime period and a mound limo period end the plurality of
transmillerls bcirtg divided into at leasta first and second set
of trzrtsrnulers. the method comprising the ateps of (a)
generating a system information signal which includes a
plurality of blocks of irtfctrrttatinn, (b) rrattstrtillig Ihe
system inforntatlon siytal lo the plurality aftrenstni1ters,(c)
transmitting by the first and second sets of transmitters a firsl
block of inintmatinn in simttltmt during the first time
period. (ti) Irttrlstttilling by the flrat set oi‘ lrattsmitlcm a
second block of information dunrtg the second time period.
and (c) tnnotstnitting by the second set of transmitters a third
blot: of information during lbe second time period.

In another embodiment, the invention is directed to a
multi-tan-ier simulcast transmission system for transmitting
in a desired frequency band a message contained in an
inlnrmation signal, tbe system comprising I first transctititst
means for lraosntilling an inforntalin signal by generating
1 first plurality of carrier signals within the desired fre-
quency band and by modulating the lirst. plurality of carrier
signals to convey the inforroation signal. and a second
transmitter rneana. spatially separated from the first
transmitter, for lr‘a.nsmitli.t1§lbe inforrtiatioo signal in simul-
cast with the lirat transmitter by generating a second plu-
Iality of carrier signal: at athstnnlialiy lite satire frequent: lea
as the first plurality of carrier signal; and by modulating the
seoorlil plurality otcarrler signals to convey the information
signal.

In another ernbodirnent. the invention ‘m directed in a
communication method implemented in a computer con-
trolled communication network for locating a roobila trans-
ceiver within a region of Splce. the region of space being
divided into a plurality of zones with each zone serviced by
3! Just one base transmitter and at least one base receiver,
the network storing data corresponding to a zone. where Lhe
mobile transceiver was last known to be located, the com-
munication method comprising the steps of (a) transmitting
I message signal by a base transmitter servicing a nine
where the mobile transceiver was last known to be located.
(b) transmitting a systentwide probe signal by a plurality of
has: Irannmillors servicing a plurality of zones ifthe mobile
transceiver does not indicate receipt of the message signal
from the base Irlttsutitler. (c) receiving the regional pmbe
signal by the mobile transceiver. (d) transmitting an
aclzoowlndgtzaent signal by the mobile transceiver in
response In the reoeiutxl retginnalptobe5igna1,(e)roceiving
the acknowledgment signal from the mobile transceiver by
it base receiver, and (E) updating the data Iu reflect the zone
oltha base receiver that received the aclcncwlcdgtnettl signal
as the last lmown location of the mobile trarssccivar.

In yet another embodiment. the invention is directed to a
nthnd of communicating messages between a plurality oi
base transmitters and mobile receivers within a region of
space divided into a piI.l.l1|.ily of zones with each zone having
at least one base transmitter assigned thereto, the GDl'nl']1Il.l-
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nitration method contprising the steps of (I) trartstttiltirtg
substantially simultaneously a flral information signal and at
second information signal to communicate messages in Illa
mobile receivers, the first information signal being trans-
rnittcd iataintulcaslby a firstselnfbase transnritlcrs assigned
to a lint zone. and the second ioforalinn signal being
transmitted ittaimulcast by aseoond set ofbase transmitters
assigned to a second zone, dynamically ncastiigoing oneor more of the bane Iransntilters in the iirsl set of base.
tronstuithets asttigncd lo the firs! none to the aocond set of
base transmitters aatigned to the second zone as :1 function
of the rneesagfi to be communicated in an area, thereby
creating an -updated firm set or base transmiuers and an
updated second set of base transmitters, and Iran5t'n:'tLiog
SlllJ§Il.ullll.i)t simultaneottsly a third information signal and a
fourth infiortnaliott signal, the third information signal being
transmitted in simulcast by the updated that net of base
transmitters. and the [north information signal being Inna-
rnittcd in simulcast by the updated second set of base
transmitters to |IlD1ll'l‘l.llIil.'l1: addilioltal mfilgfis to slid
mobile receivers

In another embodiment, the invention is directed to a
mobile transceiver unit {or lrnnarnitling messages to and
receiving messages front a network oompnaing input means
liar allowing the user to input a user message to the unit.
transmitter means for transmitting a radio frequency signal
including the user message from the mobile unit to the
network. temiver means for receiving radio frequency sig-
oals having a message from the network. signal detector
means for detecting It least one type of elactrornagrotie
signal generated external to the mobile unit and the network,
and a circuit, connecting the signal detector meutr. to the
transmitter means. for disabling the transmitter means. upon
detention of the elc-ctrontagnetlc signal. thereby preventing
unwanted radio frequency Irattsntissiott.

to another embodiment, Ilia invention is directed to a
communication method for controlling I mobile transtxiver
which may communicate with a communication nchvnrk
controlled hy a computer. the network including a plurality
or base transmitter: for transmitting messages from the
network to the mobile trtnsoeiver and base receivers for
rncciving rrtagntt l‘rt]n1 the mobile transceiver, the mobile
transceiver being capable of sending a registration signal in
be received by a base receiver in the network to identify the
mobile LrIosoeiver'slooaIion and the plurality ofbase lrans~
miners in the network being capable of sending a probe
signal to the mobile transceiver to cause the mobile trunn-
oeiver to transmit a signal to a base. rtccivcr to identify ils
location. the method ooniprising the steps of (a) sending a
message tram the ootwotlt to the mobile transceiver to
disable the mobile tran:tt:eiver's capability to transmit a
registration signal. (la) storing the number of probe signals
sent by the nelworlc tn the mobile transceiver during a that
period of time and the number of ll'Ie$agE3 successfully
delivered to the mobile lrstutceiver by the network during a
second period of tie. (to) processing by the oomputer the
stored number of probe signals and mother of messages
suooessfuily delivered to evaluate a llltoliltood that a probe
signal will be required to bcscnt bytht-. network to locate the
mobile unit to deliver a message, and (ti) sending amessage
to the mobile unit In enable the mobile transceiver‘; capa-
bility to transmit a registration signal if the calculated
likelihood exceeds at selected value.

Finally. irr another embodiment. the invention is directed
to a communication method for controlling a mobile trans-
ceiver which may communicate with a communication
ndtwnrlt cnnlmllod by a computer. the network including a
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plurality of base tranwtnitrcrs for transmitting messages to
the mobile transceiver and base receivers for receiving
messages from the mobile transceiver. the trtolrtle tram-
eeiver being capable of sending a registration signal to be
received by a base receiver in the network to identify the
mobile transceiver’; location. the network using reoeivod
registration signals to determine a set of base transtnllters to
be operated to transmit a message to the mobile transceiver.
the method comprising the steps of (a) sending a message
from the network to the mobile transceiver to enable the
mobflc transceiver’: capability to tmtstnit a registration
signal, [l1) storing the number oimgislnrtirtn signals from Ilte
trtobila transceiver to the network during a tire: period of
time and the number of messages sttoeessftllly delivered to
the mobile transceiver by the network during ll period of
time. {c} processing the stored number of registration signals
and number of messages 9.tCt:e8a!fl.lll)| delivered to evaluate
a likelihood that a registration signal from said mobile Itoit
will not he used by the network to determine a set of base
transmitters. and (d) sending a message to the mobile urtitto
disable the mobile transceiver’: capability-tn transtnit a
regiilfltiotl signal if the likelihood exceeds aselected value.

It is to he underarm-d that both the foregoing general
description and the following detailed description are eate-
plary and explanatory only and are not restrictive at the
invention, as elatrned.

Ill. BRIEF DESCRIPTION OF 'l'l-[E DRAWINGS

The accompanying drawinfi. which are incorporated in
and constitute I part of this specification, illustrate several
embodiments of the invention and together with the
description. serve to explain the principles of the invention‘

FIG. 1 is a schematic diayam of an arrangement of
simulcast mtnsmitters;

FIG. 1 is a zachematlt: diagram of uniform smooth earth
propagation;

1316.3 is .1 schematic diagram nfsynctuonized modulated
waveforms;

FIG. 4 is a schematic diagram of modulated waveforms
oflket I full band;

FIG. 5 is a schematic diagram of cellular system cover-
Filth

FIG. 6 is a schematic diagram of I oomntunition
system;

FIG. 7 is a flaw chart or a preferred method oEeornn1u—ittlL‘l'llt1l1i
FIG. 8 is a flow chart oi a prefierread method ofsending a

regional probe signal;
FIG. 9 is l schematic diagram on tt-equencv spectrum for

nrulli-carrier modulation:
FIG. III is a scltecnatic diagram of H1 nnffllf keying

modulator; _
F1511 is I mhemiticdiagram Ufa frequency shifl keying

modulator;
FIG. 13 is a schematic diagram of a lfnur mmler quadra-

ture modulator;
FIG. 13 is tr. schematic diagram of I first embodiment of

a base transmitter:
171.6. 14 is a schematic diagram of a second embodiment

of a base tnr.nsIn.ltter;
FIG. 15 is a schematic diagram of a mobile transceiver.
FIG. 16 is a pictorial representation of II n3nhi1etracs-newer;
FIG. 11' is I schematic diagram of a mobile receiver:
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FIG. Ifl(A) is a schematic diagram of an analog bltal‘.
receiver:

FlG. 13(E) is I schematic diagram of II digital has:
receiver;

FIG. 19 is I schematic diagram of I base receiver with a
store and fantvartl feature;

FIG. Zll is a schematic diagram of a network operations
center:

FIG. 21 is I schematic diagram of a database structure:
FTC. Z1 is 1 Schematic diagram of a traflic database;
FIG. 2.3 is a schematic diagram of a service queue:
FIG. 34 is a schematic diagram of a base transmitter

database:
F'lG.15 is a schematic dingran: of clyiunticatly changing

zonal assignments;
FIG. 16 is I flow chart nfa preferred method oft:l}'1‘tI.trIi-

cally zonal reassignment;
FIG. .'t7[A) is a schematic diagram of the cycle protocol;
FIG. 11(3) is a schematic diagram cf the forward hatch

interval protocol:
FIG. 21'(C] is I sobetmlicdiagrarn ofthe individual hatch

protocol;
FIG. 2ll{A) is a flow chart of: pteterretl method to enable

the rttgistrltin feature of I tnobilu unit;
PIGJBGJ) is a tlow chart nil preferred method to disable

the registration feature til’ I mobile unit;
FIG, IRA) is 1 Bow than of I prelerred evaluation

method used to enable the registration t'etttt.trr:; and
FIG. 19(3) is tt flow cttnrt of I preferred method used to

disable the registration feature.
IV. DESCRIPTION OF THE PREFERRED

EM.'HC|DlMEN'l'S

Reference will now he mIde in detail to the present
profenetl embodiments and oxetnplary embodiments of the
invention. cxltnplcs oi which are illustrated in the ttot:ur:t-
panying drawings. Wherever possible, the same reference
numbers will he need throughout the drawings to refer to the
are or like parts.

A. Dverview oi The System Hardware
FIG. ll shows an overview of the major elements of I

preferred mmmuaiettton system Incoming to the present
invention. As shown therein. the oomtnunitattoo system
includes a network operations center 6011} which is owner-ted
to I. satellite uplink6{l2 via data path 604. A satellite nplink
isused to provide data to satellite fit|6.Sato1tito 606 redirects
the received data to several satellite downlinlt: stations
i.nt:lu-ding station 608 andstatibn 61!]. Conventional satellite
technology allows for nominal data transfer rain of 24 M
hitstseoond. Further, conveauional satellite technology
allows for accurate delivery ofdattt to stations 608 and 610,
which allows for precise synchronization hctween the sig-
nals broadcast in sirnulc.-..-.t by the stations EB! and 610. It
should be understood that stations GI)! and 610 may option-
ally receive identical data, or may individually receive
difierent data siultanentsaly front the satellite 606.

Satellite downlinlr stations E98 and Gill are connected to
spatially separatled base transmitters 612 and 614 via data
paths fill and 615. respectively. BIIC transmitter 612 is
uonnntzteti Ln antenna 520, and base transmitter 614 is
oorttancled lo antenna 622. Preferably. the base trannniiltors
at the present system have a power output capaa-llitjv ct‘
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about 350 walls, which will provide an efiocrive transmitter
coverage amt ofsevoral lens of miles. Eaoh zone preferably
includes multiple transmitter atationa nhmvn us, for exainple,
base transmitters 613 and 615 in FIG. 6 as will be evident
from the lbllcwing discussion. 5

Mobile unit 611 is connected to antenna 636 and. in the
preferred ecnbodimenl. is a sail. portable unit capable of
being carried easily by l user and therefore is similar to
conventional pagers in those aspects. Moro preferably, the
mobile unit has both receive and transmit capability. with a lit
nominal transmit power output of about 1 min

The oornrnuoicalinn system includes several base receiv-
ers 628. 630. 632, and 634 each connector! to antennas E35,
53-B. G-lit]. and H2. rl-.spet'.'livr.ly. Bane reoeivera 613 and $30
are connected to a regional station 6-H via data paths 646
and 648. respectively. Base reuivera 633 and 534- are
connected to regional station E50 via data paths 653 and £54,
respectively. Base transmitters GL2, 614 preferably have a
large transmit power output capability to provide coverageto the mobile unit in areas to which communication is
typically dilficull, such as building interiors, and to extend
the coverage area of each trmamillcr. An appropriate num-
ber of base receivers should be dispersed throughout the
geographic area to reliably receive the signals from the
mobile unit. Due to the diliercnoe in output power between
base transmitters and mobile units, on overall ratio of '10
base receivera to 1 base transmitter may be appropriate. and
the 3 to 1 ratio shown in FIG. 6 in merely ahown for ease of
irIui.'tration_

Regional station 650 is oonnoclcd to Ibe network opera-
tions center 600 -via data path 656 and regional station 64-1
is oonoected to the network operations center 60!! via data
path SStt.1‘h2edata patltstsso and 658 preferably include low
cost phone lines. but may include any convenient and
appropriate data transfer technology. Generally, Ilie commu-
nication system of the present invention roughly divides
various regions oi space into portions called zones. Each
mic must have one or preferably more has: transmitters
assigned to it. hue boundaries are rouyaly defined by the
transmitter coverage areas of the base transmitters assigned
to that anne. For example. FIG. 6 shows a dashed zone
dividing line Iilltl roughly dividing a zone 1 from a zone 1.
Zone lincludes hare tmnsotilter 614. base receiver: 632 and
S34. regional station 650, and mobile unit 6211. Zone 3
iricludes base transmitter 612, base receivers 628 and 630,
and regional station 644. Dashed line 660 only roughly
defines the boundary between zones because precise bound-
aries do not exist. For example. to insure adequate coverage
of lbe rogion, as shown in FIG. 1, the range of both
Irarsrntller El-1 ahou].t:| at least oovor the region above
dashed line 660, and prellerably should extend somewhat
below dashed line 660. Similarly, the range of bone trans-
rnilter I512 should at lens! cover the region below dashed line

50

650. and preferably should extend somewhat above dashed 55
Line 650.55 can be seen. an overlap of transmitter coverage
may occur in the vicinity of dashed line 6611.

Referring hack In FIG. 2. it can be seen that boundary BIT!
and boundary roar overlap in an area near Ibo eqiti-signal 20!]
and between thcrio boundaries which may he termed an 5]
"overlap area.“ In P16. 6, dashed line 660 is drawn near lho
may be defined. as the equ.i-signal boundary between base
trarrsnnttnrold and base tranarrliltw GL1. Of course, dashed
line 660 does not represent Ihe overlap area that may occur
between base transmitter 614 and base transmitter 612. 55

As explained in the Background of the Invention section,
if Irina tramtnitterri 612 and 614 are brmdcarrting identical
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signalson the santc frequencies in simulcast. good reception
by a receiver located near the dashed line Gill. and pomibly
in an overlap area {not .-Ihown), can he achieved. Simuleaat
thus may provide uniform transmitter coverage ior the
region shown in FIG. 6. However, if base transmitter 611 is
broadcasting a first information signal and base transmitter
Iilll is broaclcaating a difierent, F-=GDtl.CllI:lfD1'I'flIT.l0D signal on
identical frequencies simultaneously. it will Iiltoly be difli—
cull for a raoeiver located in the overlap area to receive
eilher Ihe first r the second information signal. In thin
instance, the overlap area may be referred to so an interfer-ence area because a receiver in this area would Iloceive a
composite aignaI,lnc1IJrtli.ng the titer and second infonrraliorr
signal. lhll would liitely be unusable.

The following will be an cacplary discussion of thovarious interactions of lb: elements of the oomrnurticalion
system when delivering a message to mobile unit 624. In
aoeordauee with the invention. a preferred method 700 of
Ibis interaction :5 shown in

FIG. 7. Network operations center Gill} gonentea a system
information signal of several blocks of information as shown
in step 702. The blnclo of information include an electronic
message to be delivered lo the mobile unit 624.

In step 't"lH. the system information signal is transmitted
to the base transmitters. [rt panicular the network operations
center 600 provide the system information signal and appro-
priate other data to the satellite uplinlt 602 via data path 604for transmission to the satellite 606. The data is then
received and retrananrittud by satellite 611610 satellite downv
link stations 608 land dill. The data rocoiucd by satellite
ctownljnlt 608 is provided to base transmitter 612 through
data path Eli, and the data received by satellite dovrnlirik
619 is provided to I312 trarlslnilter fild through data path618.

At this point, the excmpiary communication system
rrbown in FIG. E may transfer the message to Ibo mobile unit
during one of two time intervals. in the fiml limo interval,both base transmitter 512 and bare trananritter El-I transmit
data via antenna 620 and antenna 622, reiaaecti-rely, in
sitnulcrrrt to be received by mobile unit 634, which oom-
sportda to step T06 in Fit}. 1. This firs! alternative may be
min] [Ddeliver tbn nte.-range if, for example, the location of
mobile unit 524 in zone 1 or zone 2 is unknown and broad
coverage is desired.

In Ihe second time interval, has: transmitter 614 tmiamjrs
a block of information including Ihe message data to mobiletlrlll 524 and base transmitter 612 Tl'8I'lSf!lll:€ another block of
information. which mmaponds It: steps 70! and 710 of!-1G.
1'. This second alternative may be useful if. for ellllmple. the
mobile unit 624 is tilcnown to be located in zone I and out
o[ range of base Lramstnitter 612. Delivery oi the message to
mobile unit 624 during lht. second limo interval is advan-
tageous bncauae during message delivery to the mobile unit
6-:4 by base transnaitter 614, base transmitter 61.3 could be
delivering a different message to a difierent mobile uni1(nnI
shown). A-r can be seen. llris second alternative would
increase information throughput and system efioiency.

If the mobile unit 624 has properly received the manage
via antenna 626. Ilren the mobile unit 624 may generate a
return signal Hand broar.lca.st that signal via antenna 626.
The return signal may be received by any or several of the
base receivers 623. 630. fi32.or 634. For example, the return
signal could be roceivod by base receiver 632 throughantenna I540 if antenna 640 is located closer to lhe mobile
units than any other antenna 636. 638, or M2. In this oaab.
Illl: hos: rcceivorwnuld roocivc llle rnturn signal and provide
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it In regional station 550 through data path 652.111: regional
atatinu would then provide the return signal to the network
operations center elltl through data path 655 for further
processing as appropriate. It abould he understood that I
return signal may inclttde either an autonomous lt.Cl€l1D\lr'l-
edgtnenl signal which il'lI‘llcRl‘¢5 that the mobile unit aer.1l-
rstely received the message or a user generated reply signal

If the mobile unit 624 does not completely receive the
message. it can generate Iud broadcast a negative acknowl-
edge signal. The negative acknowledge signals when deliv-
ered to the network operations oenter BM, indicates that
retransmission of the message is necessary.

1r should be understood that the exemplary system shown
in FIG. 6 include: I modest number of elements foreman of
explanation. IL is envisioned that the system of the present
invention include a large number of base transmitters. base
receivers. regional stations. and mobile units with I sub-
stantial number nr base transmitters assigned In each zone
and all but |Il.lSl'llilt»Gfl§ Iaaigned to at particular zone
operating in simulcast Further. it is envisioned that the
present syatem could advantageously support a large number
of zone: to cover I wide geogapbic area.

B. Overview of the Zonal Sirnulcaat Concepts
The preferred systems and methods of the present inven-

tion variously use simulcast techniques within individual
zones and over several or all of the more. As previously
noted, when are generally defined by the coverage area: of
the one or more base tranarrritters. The network operations
center lillll assigns each base transmitter in the system to a
zone. For example. in FIG. 6. base transmitter at»! is
assigned to zone 1. and the base transmitter 612 is assigned
to aortelbythe nerworkoperatlnns ter 60B."Ii:unuintize
information tlulbugbput. the systems and methods of the
present invention dynamically control mnal assignments
and the use of simulcast techniques.

In general, the commtmicatinn system of the present
invention operates by repeating a cornntunioation cycle to
achieve desired inforutation transfer. which is more fully
diacusned infra. The communication cycle is divided into a
syslemudde time interval and a renal time interval. in the
ayatemwide tie interval. the blast‘. trasmitters from at least
several zones are opesatcd in simulcast to simultaneously
transmit identical infonnation to a large geographic area. It
should be understood that the syalemvride time merely twoor more zones.

Ltroadly speaking, the communication system need not
know the location of I ubile unit to transmit lo it during the
ryslrtrnwide time interval. Therefore. the srystentwide time
interval can he used to send a “probe” signal that requests a
particular mobile unit to broadcast an aclrnowledgmarrt
signal to allow the system to determine its approximate
location by delerntirtittg which ham receiver l'ECt‘.':l\'¢!t the
acltnowledgmettt signa1.Proh¢ signs is. thereby. my be used
to tract: the locations of mobile units. or to uncover the
location of "lost" mobile units.

In the zonal time interval. each base Lranarnitter assigned
to I partiottlar zone transmits identical information in simul-
cast. However, for mobile units at or near the interference
areas between adjacent mnca, poor communication In those
ntnbile nnitsis likely during the meal time interval because
transmitters in adjacent zortea will be simultaneously trans-
mitting dificrcot date on the same. or substantially the same.
irequencies. The com! time interval provides good commu-
rllcation capability Eor mobile units not located near the
moat boundaries and allows the system to "reuse" identiml
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frequenciea in adjacent zones. Furthermore. if zonal bound-aries are selected to be located in areas where mobile units
are not likely to be located. i.e. uopnpuleled area. the
likelihood of providing good communication capabilities to
at large percentage of mobile units can be increased.

As can be seen. burn uysten: perspective. it is desirable
to oornrnunieate with the mobile units in the meal time
interval because loft:-rrnrtiun throughput is maximized by
reusing the t.l't1|15t1]lBllIt] frequency band in the several
zones. in other words. using the zonal time interval allows
communication with a large number of mobile units in it
short amount at time. Accordingly. oomtnunieallen during
Lhesyatemwide time interval should be minimized because
message transmission during this interval requires a large
ltmount of system resources be dedicated to that mcmage.

For mobile units located near the boundaries between
zones where interference is likely during the anus] tirne
Errlerval. good communication npabilily can be achieved for
these units during the aystemwlde lime interval. In the
preferred systems and methods. when tl mobile unit [ails to
acknowledge a message sent during the zonal time interval
or provides I negative aelotowledgetnont. the network
operations center sends a probe signal during r. subsequent
sysleotwlde time interval to determine the location of that
mobile unit, 11' the location of the tnobile unit indicates that
a likely reason for the failure of the mobile unit. to receive
the ntemge is caused by inlervaerral interference, the net-
woti: operations center may simply rotramrnil the message
during the systernvride time interval. In other inatanoes, the
failure to successfully deliver I message may be simply
cauaec‘. by the mobile unit being located in a wealtsignnl area
within 3 zone. In these tasllncea. the system may retransmit
the message dttring the zonal time interval using an appro-
priate error correcting code or using a stronger error nor-
recting code.

Allernativelt‘. the network operations center may deter-
mine from the probe signal that the mobile unit is simply
located in a diiferenl zone than the stone that the message
was firm cent. In this case, the network operations atnter
preferably causes the message to be retransmitted in the
appropriate zone without ttgltitl using it portion of the
valuable ayalemwide time interval.

In accordance wllb the invention. I preferred method SDI]
for sending a probe signal is shown in Fit}. 8. In step 802.
1 message signal is transmitted by I bmle Lrmstnitter titr-
vioing ll zone where the mobile Lransceitrer was last known
In be located. In particular, this may be preferably [I] attempt
by the network to deliver I naemge to the mobile tra.na«ceivar.

If the mobile trnnsneivar does not indicate receipt of the
message signal from the base transmitter transmitted in step
M3. the network araurnea that the mobile trartaeeiver has not
received the message and transmits a probe signal by a
plurality ufbase transmitter: servicing aplurnlity of zones in
atop 80‘, The mobile transceiver receives the probe signal in
step 306.

Upon receipt of the probe signal by the mobile
transceiver, the mobile transceiver tranarnita an acknowl-
edgment signal in step ‘ltlllfl. Abaae rrzceitror receives the
acknowledgment signal from the mobile transceiver In step
810.

Finally the data. such as the last location field 2104 shown
in user database 2190. is updated to relleet the zone of the
base receiver, or receivers, that receives the acknowledg-
ment signal as the last lulcwvn location of the mobile tr-ana-
ceiver in rrrep Ell.
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C. The Mulli-Carrier Modulation Transmission

‘Funnel

The base trsnstnillers of the communication system, such
he base transmitters 512 and Ill!» shown in FIG. 6, preferablyutilize a mulli-carrier modulation format as will now be
dmcfihed. In general. a rottlti-carrier modulation format
envisions the sirnullaoeotts transmission of several closely
spaced carrier frrquencies within a desired frequency band,
each lndlviduelly modlllaltd to convey an information sig-
nal. The multi-carrier modulation format advantageously
allows for high data transfer rates by providing good hit rate
rrnrarrtisaion rates while keeping below the baud rate limi-
urriorra or simulcast rransutissioo techniques.

FIG. 9 shows a frequency representation 900 ol an eight
carrier modulation format. Carrier frequency 9172 isshown
with side band: 904, carrier Erequettcy 005 is shown with
hdc hands 909. carrier frequency 910 is shown with Side
hands 912. carrier frequenqr 914 is shown with side hands
916. carrier frequency 918 is shown with side hands 01!},
carrier frequency 922 is shown with side band: 914. carrier
frequency 925 is shown with side hands 02!, and carrier
frnquency 930 is shown with side hands 032.

It should be undoraood that although this exemplary
figure shows an eigltlcarricr signal modulation fortnnt, other
different numbers of carrier fi'oquent.'ic.'t may be considered
for use in the systems and methods of the present invention.

In this exemplary embodiment. the carrier Erequertcies are
spaced 3 KB: Ipart within a desired frequency band uf 50
KHz. Dashed line slcirls 934 and 936 represent minimum
frequency roll olflevr.ls.sttc1't aornay he required by Federal
Communication Commission regulations. to prevent overlap
interference into adjacent lrequency bends.

Because eight unique data stream: may be modulated
nnrn lhe respective night carrier sl,gna.|s in this emhodilnflm.
the data transher rate of the transmissiorr fro the base
transtnitters can be greatly increased. while ltccping the hrr ud
rate within acceptable ranges for sinrulcaal transmission. It
should also be understood that in accordance with good
simulcast practice. the respective carrier (1-equencies
between adjacent baa: trsnsrnillcrs. such as base transmitter
I512 and base transmitter 614 in FIG. 6. should be slightly
o|I5e‘l to prevent sustained nodes or “dead spots" where
destructive interference hclwer.-u the signals from each lot nai-
rnirtar provides no unusable composite signal. as was
explained in the background section of Ihia application. This
frequency ofiket is preferably on the order of 10-20 hertz.

As previously discussed. each carrier signal may be
individually modulated to convey ll tlltla stream. The fol-
lowing will discus alternative techniques for modulating ll
plurality of carriers in accrrtdance with the systems and
methods of the present, invention.

1. Modulated Onfflfl Keying
Perhaps the simplest modulation scheme conceptually is

modulated onfofi keying (MOOK). FIG. 10 shows a sche-
matic representation of a MCICIK modulator 1000. The
MOD}: modulator lllllltl includes a plttrulily of canier fre-
quency generating devices. such as tirequency generator
1001 generating frequency Fl. frequency generator 1004
generating frequency F2, Ereqncncy generator I005 gener-
ating frequency F3. frequency gcnennor 1008 generating
frequency F4. and Erequene-y generator llltll generating
frequency Fn.Asshowu in FIG. 10. the MDOK modulator
1000 may include any number (i.e. n) of frequency
gerterslflfi. but eight carrier frequencies are preferred, asshown in FIG. ll.
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The output from each of the carrier frequency generators

102, 104, 106. 108. and U0 is applied to a. plurality of
respective switches SW1 811. SW’? 814, SW1 E16, SW4
MB, and Swn 820. The output from each switch is providedin rt combiner 1032.

Each of the switches SW1 E11. SW2 814. SW3 llld. Sw-I
815. Ind Swn 820 open: and clones under the control of a
control logic system (not shown) In eflfecl Ilte MOCIK
modulation. The control logic system (not shown) causes the
desired awitchcs to variously iclose and open. thereby con-
veying an n-bit binary word. Each carrier frequency trans-
rnils a binary "one" if the respective switch is olctscd and in
binary “zero” if the respective switch is

The summer 1022 numbiram the modulated carrier fre-
quencies to provide. I nrulli-carrier ntoclulalecl output signal
that conveys an n-hit binary word.

2. Binary Frequency Shift Keying Modulation
An alternative multi-carrier modulation scheme including

frequency shift keying (FSK) techniques may he imple-
mented by lbe modulator shown in FIG. 11. A frequency
shift ndulator unit includes a first: frequency
source 1102, a second frequency soon: 1104, a third fre-
quency source 1105. a fourth frequency source 1108. and an
nth frequency source 1110. The output from each frequency
source is provided to a respective modulator 1112. M14.
1116. 1113. and 1120.

Amntml logic syslern [t1otahnwn)pro\«'ide5 a frequency
control signal to each modulator ID frequency shift modulate
the carrier frequencies. ln pmicular, the control logic system
(not shown) provides Erequency control signal I In nrrrdu—
lator I112. frequency control signal 2 lo modulator 1114.
frequency contml signal 3 to modulator lll l5. fiequency
signal at to modulator 1118, land frequency control signal rt
to modulator 11.20. In binary trequeney shill keying (‘Bl-'-‘Sl(),
the rmpoctivc Fruqucncy oontml signals provide rials corre-
sponding to a binary “one" or "zero" which causes the
respective modulators to mdulate o first or second fre-
quency onto the carrier signal.

A sue: 1122 combines the modulated carrier frequen-
cies to produce an output signal.

3. Mary Frequency Shift Keying Modulation
A modulation scheme related to binary frequency shift

keying in M'ary' Etatquency shift keying. M'I.ry Erequ_enr:y
shill keying modulates three. or more rlilfcrerll fituquoucies
onto the respective carrier signals. In quaternary Ercquency
shin keying for ltltlltlplll. two bits of information may be
instantaneously conveyed on I single carrier frequency.
Similarly. ll‘ary frequency shift keying may instantaneously
I.‘-nnvcy three hits of information per carrier Erequency-.

Referring again In FIG. 11. M'ary irequency shill keying
may be implemented by providing modulators 1112. 1.114,
lllfi, lllll, and 1120 with the capability to modulate M
dilfcrcltl frequencies hole the can'ier signaL Accordingly. the
various frequency control signals mist provide data indi-
cating which of the M freqttencies is to he modulated nnlu
the carrier signal. For example, in quaternary trequency shift
keying, the frequency onrltrol signals must each include twohail: of information to indicate which of lhn four difiercnl
Erequencies are to be modulated onto the carrier frequency.

The summer 1132 combine Iho modulated carrinr fre-
quencies to produce an output signal.

4. Quadrature Amplitude Multi-Carrier Modulation
Yet another alternative modulation technique for I. mIt|li—

r:a.rr:'er lransntirerion forrnal is shown in FIG. 12.1% quadra-
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mm modulator use include: a first quadrature carrier
generator 11-02. a aeonnd quadrature carrier generator 1204.
it third quadratttre catrrior generator lltlti. and a fourth
quadrature carrier generator 1.108. As iswell trnnwn, quadra-
ture modulators lit: general each produce an in-phase cantor
signal and a quadrature carrier signal that is 290° our of
phase with reference to the i-phase signal. or course. any
number of quadrature carrier generators could be
envisioned. depending upon data lranafier and throughput
needs. FIG. )1 shows tour quadrature carrier generation:
which efleclively mrrespond to eight unique modulator
aignlla. Therefore, quadrature amplitude tnulli-carrier
modulation may preferably reduce the width of the fre-
quency band necessary to achieve a desired data transferrate.

Each quadrature carrier generator 1302. 1204. 1206. and
12011 receives it control signal from a control logic system
(not shown) which provides the data to be modulated onto
the quadmure carrier signals. In a simple implementation,
the quadrature carrier generators may aoaplitude modulate
the in-phase and quadrature pbm output signals to convey
two bits of i.I:tformat1'on. The in-phase and quadrature signals
output fro each quadrature carrier generators 1.202. 1204.
1106. and 120! are provided to a summer 121i] wtticll
combinea the aignals to produce an output signal.

5. Permutation Freguency Shift Kevtttq (PFSK)
PFSK may be inrptenaenled throng: DDII trol logicsystema

similar to that user! in a MOOK r an Mary FSK modula-
tion acherna. In PPSK, every baud has a tilted number at
earlier signals pruerrt, preferably any 4 of the possible 8, In
at FPSK arrangement. a constant average transmitter power
is advantageously delivered and the receiver only need
decide which 4 carrier frequencies contain the tribal energy.
In the ease of MOOK. the receiver must attempt to deter-
mint: on a subchmnet-by-autx.-banncl basis the presence or
absence of a signal. This napttcl of PE-‘SK may simplify
mobile receiver desigr.

Compared to a binary or Mary FSK nrodtrlation schemes,
it higher number of bits may he delivered per baud with
PFSK. For example. PFSK may generate signals that inde-
pedent FSK. aubcbannels oould never generate. aucb as all
four carriers being the {our highest frequencies. and there-
fore it can be seen that PFSK may advantageously increaseinformation trarsfer ratea.

D. The Base ‘Trlnsrnitter
Each base transmitter unit. such as base transmitter 612 or

til-I shown in FIG. 6. receives transmitter control data and
message data transmitted fmm the satellite 606. FIG. 13
shows a tirst preferred embodiment of It base transmitter
will in accordance with the present invention. The base
trarfirnitter I300 receives data from the satellite downiinlr
connected to data input 130! which provides this data to a
control logic system 1104 to eunttol the operation of the
base transmitter unit. The control logic 130! provides a
control signal to apluralily ofntodulatora I306. U03. 1310.
I312. and 1311-. Modulator 1306 produces a carrier signal
Fl. modulator I303 pmduoetta carrier signal F2. modulator
1310 produces a carrier signal F3. modulator L311 pruriuoes
2 carrier signal Fri, and nmrhtlaltur 1314 produces It carrier
signal Fri.

For example. the control logic may generate appropriate
control signals to modulate the carrier signals in It MCICIK.
BI-‘SK. M'try FSK. PFSK. or quadrature Impl.i.t'I.tdo modu-
lation aohetna. as previourly discussed. Each modulator than
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provides the ntodulated output signal to a combiner 1316
which combines each of the several modulated carrier
frequencies into a single output signal.

The single signal iitbert applied to apower amplifier 1318
to amplify this signal to an appropriate level The power
amplifier 1318 may. for example. produce a ominal output
signal of 350 walls to antenna 1320. in this embodiment.
power aauptifier 11318 preferably has extremely linear char-
acteristics to prevent formation of intarrnotiulation products.
and to insure that threat: intctmodulatinn products tb not
cause signals to be generated at undesirable frequencies.
Antenna I320 broadcasts the desired signal Erorn power
amplifier 131:.

FIG. H shows a second preiemd embodiment of a base
transmitter unit. The second embodiment comprises a base
transmitter 1.400 which includes a satellite dnwnlink eun-
rteclted to data input 140]. control logic 1404-. and several
modulators 1496, 1-108, 1419. 1-512. and 1414. Each modu-
lator receives an appropriate oantmt signal from the control
logic 1404. as previously tliaotxtaod with respect to basetransmitter 1300.

The output Fturn each of tnodulatr:-Is 1406. 1408. 1410.
1112. and 1414 in base transmitter Ntlll is provided to
respective power amplifiers 1416. N18. 1420. 1422. and
1424 to provide an appropriate power output level for
transmission. such as 350 watts aggregate.

The output from each of power amplifiers M16. 1418.
1420. 1422. and 1424 is provirted to combiner M16 to
combine the modulated carrier signals into a single output
signal which is provided to antenna 1438 to: tumdcasr.

E. The Mobile Unit

The mobile unit may be a small. putlatzrle mobile
transceiver. such as pictnzialljr represented in FIG. 16.
Referring now In FIG. 15. the mobile transceiver ISM
shown therein i.t-tel.udes a receiver section for receiving
signals from the base transmitters of the asrstetn. and it
trans-rnitter section for tranrtmillin replies. or other
n-tessages. to the base reoeivent. of the syatern.

In pa.r1ict.t]ar. the mobile transceiver lfilll includes an
antenna 1502 which is erutoacted to a lrinfimilfroce-ive
switch 1504 to switch the antenna between the I.-anit and
reusive sections of the mobile transceiver 1500. A receiver
‘[506 is provided to receive the messages frorrr the base
transmitter. Of oourse. the receiver must be appropriately
designer! to receive the mttlti-carrier signals Erom the base
transmitters and must be appropriately desigted to demodu-
laterhe particular modulation scheme utilized. For example,
appropriate analog filter: and appropriate demodulator;
eould be used. In the preferred embodiment, the receiver
performs a tranaforrmauch an fast fourier transfunrt. on the
rrroeived signal to separate the data iron: the various r;I.rriurs
in the ulti-carrier modulation format.

The receiver 1505 is eonnected to a display and storage
logic station 1508 in process the received sigoalhn annua-
eiator 1510 toalert the user that a message has been reocived
is oonrtocted to and controlled by the display and storage
logic 1508. The anuuneiator 1510 may oontntonty include a
sound producing device such as a beeper, or a vibrator. or a
flushing light.

Asst of display control: 1512 to control the display of the
mobile transceiver 1500 is connected to the display and
storage logic 1508'. A display 151-I-. preferably an LCD
display. is also connected to the display and storage logic
lstlll to display messages and various other infurtnation Inthe utter.
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Display and storage logic [308 is connected to transmit
iogic 1518 via connection 1520. Display and storage logic
1508 must generate an autonomous acknowledge signal
which causes the transtltitler 1520 to broadcast an appropri-
ately modulated RF slgatal. As prnviousiy dismissed. it isdesirable for the mcthile transceiver to transmit am acknowl-
edge signal if the essage was properly received by the
mobile unit. or alternatively to transmit a negative acknowl-
edge signal if the me-may was only partially receivmj. The
negative acknowledge signal indicates II!!! the network
operations center should rebroadcast the manage to themobile unit.
‘ Preferably. the rebroadcast of the message to the mobile
unit should occur with an appropriate error oorteoring code
which may bedecudedby the mobile unit to insure complete
and accurate reception of lb: mcmage. Of course, cmzr
correcting codes should he used only when rtecessary
because their use slows data transfer and increases the
cornpleitity of the mobile unit. Other types oi autonomotra
replies may also be useful. for example, to indicate to the
network operations ucoler that the user has not vicwud the
message even though the mobile unit properly received it.
such as when the mobile transoeiver is unattended by theuser.

Axel nfinputawilchns 1516 is pmvided to allow the userttl:

input a reply to o rnmivod message. or to otherwise
generate a message to be transmitted by the nbilt: trans-
ceiver. The input switches are connected to transmit logic
1518 which decodes the signal from the input switches 1516
to generate an output signal In the transtnitter 1520. The
transmitter 1510 generates an appropriately utlulated RF
signal to but broadcast by antenna UM.

The mobile trensoeiver !5ll|l also preferably includes a
noise Llcteotor I522. The mix detector 152! provides an
output signal upon sensing through antenna [5023 threshold
level signal. The noise detector 1532 provides an output
signal to disable the transmitter 1510 via uonnecliun 1524.
and to thereby proventurrwaitted transmission by the mobile
unit.

Noise detector 152}. prefcrlhly is set to detect electro-
magnetic signals which are generated externally to the
tzlnlflllllllttltiutl system and which are indicative of a con-
ditinrt when transmissions hy the tnohilc unit are undesir-
ahln. For example. the noise detector 1522 could he
designed to serve: threshold level ofnoise at 40011:. when
the user enters: commercial aircraft. which Iirirnrrtnnly uses
400 hertz power supply. the reoatploftlais noise by the note
detector 1522 would then disable the transmit capability of
the mobile train-t:ei\-'er I300 (hiring osnration of the aircrlfl
to prevent any unncceasary or unwanted interference with
the operations of the aircraft by autonomous or intentional
transrnissions by the mobile Lflltlcl-i\i¢l 1500.

The display and storage logic 1308 of the mobile trans-
ceiver 1300 htoher preferably includes a tuning circuit (not
shown) which may be used to turrt the reoeiw.-rsectiort 1506
on or oil as riesited. The timing c1'.n:t.tit(mot shown) advan-
tageously allows lhe mobile tranooeiver to “power down"
dtlriatg periods of time when messages are not anticipated to
be transmitted. For exetnple. in a prelicrred oorrtmuuicalion
protocol. the receiver oould simply power up at the begin-
ning of each cycle to receive data to determine if a message
will he transmitted to that mobile transceiver during that
cycle or when irtfunnalitin Eunoeroiog message avaflabilitywill be transmitted. lftlta trtohile transceiver is to receive a
mage, the timing circuit could power up at the appropri-
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ale lime to receive the message, and than power down after
reoeipl. The timing circuit. therefore. advantageously pro-
long the battery life of the mobile lrarscniver 1500. Of
course. it tihould be understood that the timing circuit r.-attld
control the other elements of the mobile transneiver. such as
the display 1514. and tho lraasrnit logic 1518.

In an alternate implementation. the receiver 1506 may
adaptively change its demotzhllatlottzt techniques to aorxlm-
nnodale various formats. For examp]e.each zone may adw ll-
tageotrsly use a di&'e.re:tt modulation Eorrrtat depending on
message trafit: levels. and other considerations. In
particular. the receiver may receive a signal indioutirlg the
modulation sclterue utilised in a given zone via a modulationlflrmat message mnlainfld in an overhead portion of the data
stream. The demodulation of I-‘SK. M'ary FSIC, Pl-SK. and
MODK formats all begin with the determination of the
energy levels detected ateach of the carrier frequencies. and
thus require identical prrx:e§.'u1|; at the received RP energy.
The logic (ootahown) in the teoeiveriutcrprets the ntesrtiug
of lilacs-r. easurod energy levels based upon lhc modulation
scheme selected as indicated by the received modulation
forma.l message, in this manner simpler and more economi-
cal transmitters. with a decreased capacity finr iufinrmatiou
transfer. can he used in zones that have decreased traflic
loads end more expensive. high-throughput transmitters can
he used only in those a.rt::.as where: they all: traded.

A pictorial representation of the mobile transceiver isshown in FIG. 16. The mobile transceiver l.l'iDlJ shown
therein includes a case 1602. l pair of display oontml
buttons 1604. a display lfllli. and a set ofsix reply buttons
160. I610. 1612. 1614, 1616. and lull. As indicated
previously. dL°.play 1606 is preferably an LCD display and
a sot of display control buttons 1504 may be used to scfbll
text up or down on the diaplay16M.‘l'he message “will you
be home for r:ltnner?' is shown on display 1606.

The set of.-iizt reply huttnnaI608.l6lil.16l2.]fi14.1616.
land 1613 provide a ilrutible system for user generated
replies to reoetved messages. The display and storage logic
150! provides information immediately above each button
indicating a possible rcplymeseage by the user. in the simple
example shown in FIG. 16. the user may reply "yes." “no.”
nr“'t"' to the message fill] displayed on the screen létlfl. The
transmit logic 1518 generates an appropriate signal based
upon which button the user presses. I this simple scenario.
huttonslti]-1,1616. and 161! are unused.

In alternate applications. up to six possible reply mes-
sages ay be shown on the scteert 1606. Of course. other
partioularieed applications may he envisioned for the reply
feature of the mobile tratasmiver 1500. For example. if the
user is a stockbroker. lhl: display ltillti could display the
terms "buy." "sell," or "hold" above the appmpriate huuom.
A variety of other applications my he envisioned.

with the stat button reply option provided by mobile
transceiver 1500. a three hit message may be transmitted by
the mobile transceiver lo the base receivers. The two remain-
ing stiles of the three hit mating: may be used by the
transmit logic 11518 for the autonomous acknowledgment
signal which indicates that the message has been properly
received. and for the atttooornuus negative aclmnwledgmnrtt
signal which indicates that the message has not been com-
pletely or properly received.

Of course. the mobile transceiver 1500 shown in FIG. 16
onuld be curtfigured dilferently tapruvide more or teas ropiy
buttons. diferdnt clkplay mntrctl buttons. and dilferertl dis-
play formats as desired or needed by the use:

Further. lltc mctbilt: transceiver 1500 could additionally
ittclude a data output port (not shrwrn) it:-r connection to
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other electronic devices of the user. For example. the mobile
transceiver could be connected through an output port to l
laptop oryntmtop PC, or could be incorporated therein. The
PC could display the message on its screen. thereby obvi-
ating the need for the display 1606. and the keyboard could
be used to generate any appropriate reply massages from the
tract, thereby obviating need for the reply buttons ad
allowing free form messages to be sent by lhe mobile
transceiver. A user selected reply would be transferred to the
mobile transceiver 1500 from the PC for Iransmisatort to the
base receiver.

Alternatively. the mobile transceiver could be connected
to a voice data replay device, such as .1 speaker. thereby
allowing the user to receive messages from a voice mailbott.
for example. Ofoourse. a voice data generation device, such
its a microphone, oottltl be t1ltl.lll'A':lEI‘l to the bile tra-
oeiver 1500 to allow the user to reply to the voice: mail
message he has received or to initiate voice data communi-
cation from the mobile transceiver to the base receivers.
Similarly, facsimile transmissions wuld he supported.

An alternate embodirncntot the mobile unit includes only
receive capabilities. but does not include. any transt-nit capa-bilities. FIG. 17 allows a mobile receiver 1700. ‘Ibe various
components of the mobile receiver generally correspond in
Ittnoiiooahly to the similar clcmeots shown in FIG. LS. Of
omtrse. the mobile receiver 1100 cannot generate replies,
which includes user initiated replies. an autonomous
acltnnwledgrnent signals or negative acitnowiedgent
signals. bccatrce oi‘ the lack of tr1u1'§t:t1it capability. Also, the
location of this alternate embodiroent cannot be tracked bythe network control center |3et:aIL‘.n of the lack or transmit
capability. Generally. because of these reasons. the-mobile
receiver 1'l'90 embodinteut of the mobile urt.i.'t is less pref-
erable than the mobile transceiver embodiment 1500.
Further. it should be appreciated that the mobile transceiver
errtbodiment may include (:lrt:tt1'tt'y for generating various
autonomous resportses without interaction by the 0.2:,

F. "['be ‘Brae Rorziver

The been receivers of tltc present system receive ill: low
power output signal from the mobile transceiver troll. Asis
shown In FIG. 5, mobile receivers are dispersed throughout
the geographic service area Base receivers need not he.
amociated with zonal boundaries per se. but will always be
tocatcd in semen at least one wire. of course. A Eew base
receivers may etrist in the overlap region bctwoeo zones.

Dttritlg traosmirasion of the return signal by the mobile
transceiver urtit. it is prtssiole that several base receivers
could receive this return signal. to this instance. the network
operations center E100 preferably selects the data from the
baa‘: lDLIl‘\"U} with the highest received signal rrlrcoglh (i.c.
the aignalwith the lowest probability oferrors) to maximize
the likelihood of receiving accurate data. ‘rue signal strength
approach is preferred and can be satisfactorily implemented
it the base receiver locations are carefully selected to insure
adequate signal ntrertgth remplion from the mobile trans-
ceiver units and to minimize the overlap between base
receiver coverage areas. Altemately. the network operations
certter 600 could uee“voting" tech ttiqucs by comparing each
data set from the several base receivers in arrive at the most
likely return signal data udng conventional voting re-ceivor
technology.

FIG. 18(A) shows a first embodiment of an analog base
receiver. Analog receiver 1802 is connected to an antenna
IBM. 'i'lJe. analog receiver I802 simply receives the signalfrom the antenna lfllll and removes the modulated wave-
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form fro the carrier frequency and outputs this wmionn
in analog throat to a regional dentodtuatnr 1804 via data
path 1806. Data part: 1900 is preferably a 4 Kl-I: analog
telephone channel.

The regional demodulator 1004 receives signals boat
several analog receivers included in aaveral base receivers.
Preferably. the regional demodulator 1804 is located in the
regional station. such as regional station 550 shown in FIG.
6. '11:: demodulated eiytal {mm the regional demodulator
IEO-i is then transferred to the regional processing etrcniuy
[E08, and then onto the network operations ueoter 6010.

The analog receiver 1802 could generate identification
data to be transmitted with each received message so the
networtt operations center 600 can tletennine the source of
each rneiaage received, Alternatively, and preferably, -tiediv
cated oommunication paths are used for each base receiver
and therefore. the source of the message can be infened
Frorn the communication path that is activated.

FIG. 18(E) shows a digital base receiver embodiment
which includes an antenna 1300 attaclted to an analog
receiver 1.802. As in the previously discussed eboriiroent.
the analog receiver 1803 removes the modulated waveform
from the carrier signal tauesotitred by the mobile transceiver
unit. The analog receiver is»: otnputstbe nmdtuatitd wave-lbrm lo a demodulator 1810 included in the base receiver.
The demodulator 1310 prudttceni a digital output signal
corresponding to the data stream transmitted by the mobile
tntrtsceivcr uniI.Tt1e demodulator 1310 provides the digital
output signal to the regional processing circuitry 1903 in the
regional station via data path 1812. Data path 1812 may be
any conventional data path which can satiaiactorily convey
the digital data from the demodulator 1310 to the regional
procembg center 1908. The regional prooctming circuitry
was then passes the data to the network operations centerEll}.

FIG. 19 shows a digital base receiver including errorcorrection and store and forward features. An antenna I900
is connected to an analog receiver 1802 which is connected
to it demodulator 1810. as previously described with refer-
elm: to FIG. 18:13). The rlamodulated digital signal is output
from demodulator 1810 to error correction circuitry 1906
which may perform error correction algorithms to insure the
integrity of the return signal received from the mobile
transceiver unit. Of course, the error correction circuitry
should decode and correct data which have boon cornpatibty
attended by the mobile transceiver.

The error ooneeted data output floor the error correction
circuitry 1905 is provided to a store: and forward circuit
1908. The store and forward circuit [908 alores the received
data to allow it to be transmitted later at a convenient time
and at a cortverricnt mtla transmission rate.

For example, in the present system it is likely that I.l'II:
return aifital trallic received by the base receiver will occur
in short bursts in a relatively high data trttnsler rate.
However. it is also likely that the average data transfer rate
from the base receivers is substantially lower than the
instantaneous data transfer rate during traflic bursts. The
store and forward ci.rt:ttit 1903 may preferably act asa bttlfer
to allow the return signal data to be communicated from the
store and forward circuit 1909 [0 the regional processing
circuitry 1.308 at a lower (and less etrpenaive) data transfer
rate. Store and forwarel cirmtit 1900 is, therefore. preferably
connected to negional processing circuitry 1008 via data path
1910 which may include a low cost telephone line.

G. The Network Clperatiorte Center
1 . Overview

‘The. network operations center oil] is shown in st'.'l1l5lxtlI.lt3
form inl"lCr.10.Tlte network operatiooaoenlcr 600 includes
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at base receiver input system zttoowhtch receives dtrla from
the various regional stations throughout the system {t.'..g.,
reginnal. ntalictns 5-H and GSIJ) via various data paths. arch
as data paths 656 and 658 as shown in FIG. ti. The data
received by the base teoeivet input system 2000 includes
rnpty data from users with various control data. Base
receiver iput system 2lI|El may include appropriate con-
vclionll signal pmceming equipment Control data may
include data idttitying the has: rooei-rer(i.c. iteration of the
mobile unit) which received the associated reply. Preferably,
the base receiver input section 2000 receives dull from the
regional stations via phone lines. However, other appropri-
ate data path: may be cmnidored.

The base receiver input system 2N0 then provides the
lll«t:Bi'ftHd dull to a central computer 2001 The neutral
computer 2002 may also receive input Eton: a user input
system 2004. For example, the user input system 2100-l may
receive data [rota users via phone time: who may access and
interact with the central computer via voice. DTMF. or
utoctem transmission and may include appropriate conven-
tional signal procossing equipment, Auscr may interact with
the central computer 2002 to modify his service. to initiate
or ten-.ive messages, nr tn puribrrn other desirable filntstiolfi.

Generally. the oerttral computer 1001 processes the data
received from the base receiver input system 2.000 and from
the user input system 2004 to perform variutts oplsrnlitma on
the data. he updirte various database entries for use by the
central computerztlllz. and to generate data for transmission
I0 It satellite uptirtlt output system 2006.

II should be understood that. although FIG. 20 shows the
central computer as existing at a single location in the
network operations center 6'00. a distrtlauted ournptttiug
system! may be used to perform the necessary functionality
of the central computer 1001. Presently. however. I single
location for the central mmputer Ztltlz is preferred.

Satellite uplink utpul system 2906 receives data [burn the
central cDr11ptJter2D02 and provides it to satellite 606, shown
in FIG. 5. for lrurtstniision to base transmitters within the
system (e.g., bane transmitters 512 and 614 in FIG. 6).

The neutral computer Zulu isalso connected to a database
system 2008 which stores various data such as message data,
user status data. system slamsdala, and manage status data,
for example, for use by the central computer 1002 inprocessing.

Alan, .1 control access 1010 is provided to allow systems
engineers or programmers in access the central computer
3003 to observe and modify its operations and system
performance.

2. Database Structure

The database 2003 rat the network operttllotto center
irtcludcs several data base 5trtIt:'lttrt:s'nt:t:t:5a:y for the opera-
tion of the system. While. a preferred partitioning of these
databases is described below. it altnuld be understood that
other partitiortittgs could be ttunsidered. melt as moving the
various “user Izralfio” fields from the ltalfic statistics database
to the Itser database.

a. The User Database

For cnnrp1e,lho user database structure shown In FIG. 21
includes a record for each user of the system who possesses
a mobile unit. The record for user 1 2100 includes various
fields, such as an ID number field 2101 which indicates a
unique number associated with that panteulat user, The
transmit capability field 31M iradicales whether the mobile
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unit assigned to the user has the capability to transmit. Thelast location field 2194 includes data which indicates the last
known tncalinrt ht" the user. Tlte last location field may be
updated when the central computer recognizes that a new
base receiver has received a return signal born the mobile
unit, thereby indicating the nmbite unit has moved since the
last return signal. Ofcoursc. iflhe mobile unit only includes
a mobile receiver without transmit capability. the last loca-
tion field 2104 cannot be updated and the mobile unit truly
be given it dcfautt location.

The service area field 210! includes data t.-orrespnrtding In
the area in which the user has substzrihed to. For e-ttttrupte. if
a user desires service in geographic areas less than the total
system service area, the central oornputur could use the data
in the service area field BIN to cause only selected bane
Imtsruittet: to attempt totrausrnit message: to amobile unit.

The button formal iielct illll irtclutios data i.ndlt:aIin,g the
format of‘ repfy buttons the user may access on the mobile
transceiver. Elf course. for mobile tuails with only receive
capabilities. tin button Eormal field will not be used.

The message held 211! includes data representing one Ill‘
more messages which are intended for the use: A receive
flag is set when the central computer has recriyed dill
indicating that the message has been received by the mobile
unit via an acknowledgment signal. If the mobile unit doe!-
nol have transmit capability. the receive flag is set upon
transmission of the uteasage by the appropriate base trans-
ntitters. The user database structure may include other fields
for each user of the communication system of the present
invention as needed to provide various desired services.

b. The Receiver Database
Database Ztltltt of FIG. zu includes a renaiver database

(not shown} which includes an entry with several associated
fields for each base receiver in the system. A fit-st field for
each base retxiver preferably includes lbn total number ofmobile units which have last communicated with this
receiver A second field for card: has: receiver preferably
includes a List ofbase trarustuillers which may cover all or II
portion at the receiver coverage area of Jltttl base receiver.

c. Tratfie Statistics Database

Database 2008 of FIG. 20 should also include preferably
a r.raB:'It: statistics database as shown in FIG. 22 which
includes various fields containing slatilstics calculated by the
central computer 1002 concerning tralfic patlcms lot‘ the
system. For example. the mafia database ZZEIJ preferably
includes a user field 110: for data indieatittg a user at‘ the
network. Several tieltk are preferably associated with the
user field 1203. Field 2104 includes data representing the
number of probe signals sent by the network to locate the
mobile unit associated with the user ‘Field 202. Field 2205
includes data representing the number of registration signals
received by the network from the mobile unit associated
with Ute user Bold 2202. Field 2208 includes data represent-
ing the number uf messages from the network that have been
successfully delivered to tlternohile uoil associated with the
user field 2203. Field 121" may be used for other trailit:
related dttttt. such as data indicating the average traflin per
cycle. and data indicating a time average (i.e. for the lturl
hour) trttfit: arrtortut.

Further. the tram: database 2100 could include Btsltk (not
shown) for data concerning overall system perfonnaoe and,
in panircttlar, each zone in the network. Such area specific
rrajfic data may be useful in oplimizingsystem perttrrmance
by allowing inleiligenl redefinition of zonal boundariees.
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d. The Service Queue

Database 2038 of FIG. 20 also includes ll service queue
1391! as shown in FIG. 20. The service queue 2300 includes
a current message: queue and a probe llst queue. The current
messages queue includes a system wide List of messages to
be delivered by the system. The current messages queue
inciudec. [or example, a series of ID nuher fields 2302,
2304. and 2306 with associated data location fields 2303,
Hill, and 2312. respectively. The data location fields 2308,
1310, and 1312 include pointers to the appropriate held: in
the user database structure shown in FIG. 21. The ID number
fields 2302. 2304. and 2306 include data indicating the ID
number at the user to which the message is to be delivered.

In operation. the oeotral eompll 1!! retrieves the ID number
2302 and data location BB8 from the top of lhe current
otcisagcs queue and retrieves the appropriate data from the
user database zltltl to process and transmit a message to theuser.

The pmbc list qucuo includes a ll) numbcr holds Z311,
2315. and 2318 and data location fields 2320. 2312.. and
2324 similar in form to those in the currettt messages queue.
The probe list queue contains a list of users which the system
has previously attempted unsuccessfully to deliver a mee-
sago to. In other words. the users listed in the probe list are
eonsirlcmd to be “lost” by the system. The central ootrtpuler
3002 then initiates a probe routine [or the ID number 2311
and data location 2320 located at the top of the probe list.

Alter successful execution of the probe routine. the lastlocation field not in the user database structure Zltltt will
have been updated to provide a aoourate last location ofthe
user from the base receiver that received the mobile I.IIl:it'a
acknowledgmem to the probe signal. After the last location
field 2304 has been updated, the message can then be
replaced in the current messages qnettt: for delivery to the
user via the appropriate base trattatrtilters located near the
mobile unit.

Preferably, the ne tworlr operations center given priority to
the delivery of all messages in the current message queue.
and then sends probe. signals to the users listed in the probe
list queue after delivery but been attpted for all messages
in the current message queue. If the message volume in the
cttrreul message queue remains lily. for an extended period
of lirne, the network operations oeoler preferably begins to
periodically seed probe fignals to the users listed in the
Probe List. even though undelivered rnefiages remain in the
current messages queue. For example, in this instance of
persistent filled current measages queue, the network upen-
tiou oetrlcr preferably lrartnutits Ilaree probe signals in every
cycle lrastnilted.

e. Base Transmitter Assignment List
Tito database Zllllll ol the I'lt:lV(Oflt operations center also

includes a base transmitter database 3-1-tltl as shown in FIG.
24. The base transmitter database 2400 includes .1 zonal
asxigurnent field 2404 for data representing a mrte assign-ment associated willt a base transmitter field 2-‘M in the
system. Also. a Hold 2406 ior data representing the base
receivers in the transmitter coverage area. and at field NM
for other data atsnciatnct with a base lrlt.|l=!|'.|1i1ter, are asso-
etalod with base transmitter field 240:. As eao be seen in
FIG. 24, each base transmitter in the network has a base
lalmtnitlor field and associated fields as described nbmte.

In normal operating conditions of the system with low
amounts of message tr-aflit: being tramtrnittecl. each base
transmitter will remain aaraigund to its particatlar zone.
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However. the systems and methods of the present invention
provide for dynamically changing the zonal amignntonls of
various base lransmittent to intpmve irtfonrtatiort through-
put. ‘these dynatrtic zone allocation concepts dynamically
reassign base transmitters to new es generally based
upon the volume of measagm transmitted during the sys-
tenrwide time interval, and more particularly based upon the
localized volume of messages to mobile units. in general.
dynamic mot: allocation may beuseti to deliver txtesslges to
mobile units in overlap areas (i.e. "zonal ditltet'ing"], or to
balance the volume of message traflie between zones.

FIG. 25 is useful to explain these eoneepts. Various base
transntiners. each designated as an "X." are dispersed
ttnougttnut a region ofspane shown in FIG. 15. Also. various
I:-use tttxivcm are dispersed throughout this region oi space
ZEN}, each being duignated by an "R." The normal antral
boundary for zone 1 in FIG. 25 isshown by solid line 2562.
A nornra] boundary for not-ta 2 is represented by solid line
2504 during normal load trttfir: operation oonditions. As can
be seen. bane transmitters 2505. 2508. and 1310 are located
near the zonal boundary of none 2. and base transmitters
251], 2514, and 2516 are located near the boundary Dixon:
1. Ease reoeivers 2518 and 2.120 are located in an overlap
area 2521 between zones} and 2. As previously diaottsoed.
mobile units located in this overlap area 2521 oear base
teoeivem 2518 and 2.520 must be oorrtrnunicated with during
the synlemwido titnt: interval because of the interiereocc
created during the zonal time interval by adjamnt basetransmitters.

During normal, low to moderate volume system
operations. the zonal overlap area B2], i.r:., irtterfererton
area. our base receivers 1518 and 2320 will preferably have
a small number of mobile units located therein. Therefiore.
communication with these mobile units will not significantly
consume system resources by noeasionally oommuntcatin-g
with them during the systemwide time interval.

However, if the tratfir volume from the overlap at-ea25:l.1
near his: reoeivets 2518 and 2520 increases, such as
because additional mobile units enter this overlap area 2.51,
the handling of this treflic in the systemwido time interval
can significantly eotteurrtt: system reoouroes. For example.
communication with a large number of mobile units during
the systemwide time interval may significantly delay deliv-
cry or messages to units in this and other regions.

In this instance. the antral boundaries are changed to
rernve this high traflic region born a zonal overlap area. For
example. system efficiency is restored if the zone 1 boundary
were moved to dashed line 1522 and the ion: 1 boundarywere moved to dashed line 2524.

The central oontputer 3IlJ2 may dynamically accomplish
this zonal redetinitioo by assigning one or more base trans-
mitters to I. new zone to reduce syslemwidc time interval
ll1l:.'iSagas. in the prttnent example shown in FIG. 25. the
oettlral computer updates the base transmitter zonal assign»
rnattt list to reassign ban: Irattaotittcrts 2512. 2514. and 2516
to zone 2 while removing these bone tramtmillers from acne
L In vie-wofthis zonal edcfinilion. the new none 1 boundary
is shown by dashed line 1512. and the new moo 2 boundary
15 shown by dashed line 2524. The high Irttlfie region near
bane reoeivers 2513 and 2523 is now squarely within zone
1 and messages to these units may be eflicieattly delivered
during subsequent zonal time irttet'val(s].

In accordance with the invention. it ptetet-red method
2600 tier aoonmpliabing zonal redefinition l3Sl|t.'lW'll in FIG.
26. In aooortiattoe with the method, step 260:! provides for
transmitting substantially simultaneously a first irtlonnalinn
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signal and a second infonttalion aignal. the ftrat information
signal being tranamtltod in simulcast by a firat net of base
transmitters assigned to a iirst zone, and the second infor-
mation signal. being trartatnitted in simulcast by it second set
ofbasa 1l’3I'lTt!liIB:1'Il.'aSiglICd to a second zone. For example.as shown in FIG. 25. the base tr-anmnillers in zone 1 defined
by bourrdary line 2502 could be the first act of base
transmitters. and the base transmitters located in zone 2
defined by boundary line 230'! onultl be the second set ofbase transmitters.

Step 2604 of the method provides for dynamically teas-
signing and or more oftlit: base transmitter; in lhe firs! act
of base transmitters assigned to the first zone Ln the second
set of base transmitter: arraigned to llll: second aotte,tl1eroby
creating an updated firsl set of base. transmitters and an
updated mound sol of base transmitters. For example, base
transmitters 2511. 2514. and 2515 could be reassigned E-‘mm
zone 1 to zone 2. As shown in FIG. 25. now eoaal boundaries
would be delioed by dashed lines 2512 for zone 1 antllsl-I
for -zone 2.

Step Zellli provides transmitting aubataniially simulta-
neoualy a tbirtt inlfinrmaliott signal and It fourth inlortnatinat
signal, the Iltird inlbrmation signal being transmitted in
simulcast by the updated first set ofbase transmitters and the
fourth information signal being transmitted in simulcast by
the updated second at oibaat: transmitters. Forettantplc. as
shown in FIG. 25, the base transmitters assigned to zone 1
defined by dashed line 1522. (Le. not including but trans»
miller: 2512, 2514, and 2516) could transmit during a
subsequent communication cycle a third ioiornta lion signal,
and base ll-Il1.lll'I'Illlfll'5 in none! defined by dashed line 2.521
(in. including base transmitters 2512, 2.514. and 2516) could
transmit a fourth inrormation signal during that same sub-
!-eqltent oorrtrnunicalion cycle.

Fuflher. it its desirable that during the redefinition of the
zonal boundaries, It is insured that the new overlap area
2525 near ‘base receiver 2526 and between dashed lines 1522
and 252.4 is an area that is not likely to produce. or is not
currently producing a high volume of message tratfic.
Generally. zonal boundaries should be prelerahly redefined
to maximize information throughput by mirtirnizing the data
that Irltislbe transferred tlttringtlzltt systemt-vidc time interval.
Anetwolk mattager could review the overall ttaflic patterns
and tendencies. to deterrnirtt: an optlmurrt redefinition of
zonal boundaries or course. the central computer 2002
could also implement an algorithm aoceaaing the trait-
statistics database RM to determine optimal annal bound-
ary redefinition.

In a profound ernbodinient in the irtsltanoe where an entire
region is saturated with mobile units. such as a large
metropolitan area repetitive reaaaignnrents ofbasc transmit-
lets may be used to reduce toesaage ttalfits during.t|1e
systemwide time interval There may exist no appropriate
overlap area. such as overlap area 257.5. will: I low trafie
level to facilitate a long term reassignment of base trans-
mitters with the resulting rodefi nition of zonal boundaries. to
this case. the preferred embodiment alternates between a
iirst and second set of zonal boundaries over each commu-
nication cycle and does not attempt to deliver messages
during the systeotwidc time interval

For example, in FIG. 25 this preferred embodiment would
utilize the zonal boundaries defined by lines 2502 and 1504
during a foal oonal time interval and would not attempt to
deliver messages to mobile uti.iLa in overlap area 2521. In a
subsequent cycle. this ouuferred embodiment redefines the
zonal boundaries todashed lines 2522 and 2524 and delivers
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messages to the ntalsile units in previous. overlap area 1521
during the zonal time. interval using zone 3 base transmitters.
During this cycle. the network would not attempt to deliver
message: to oaobile traits in overlap area 2525. in yet a later
cycle. ttzria preferred embodiment would Iwileb bent: to
zonal boundaries 2503 and HM which would allow ntee«
sage delivery to mobile units in the now previous overlap
area 2525 during the zonal time interval u.-ring zone 1 base
Iranamrttem. As can be seen, alternating between a first and
seonod set of zonal boundaries advantageously reduces the
need for eommitniealioo during the synternwide time
interval, but slows message delivery oomewhat by only
allowing cornrnunicatinn to mobile units to overlap areas
during atonal time intervala on alternating communication
cycles.

l-L Tlir. Preferred System Communication Protoool
The system communication protocol is preferably at Liane

division protocol organized wimirt repetitive ootntntmit-.a—
Lion cycles of preferably 30 seconds in duration.

The bloelts of data transmitted by the network are pref-
erably formed by: bit interleaving process to prevent tom of
data during bursts oi’ interference. Bit interleaving may be
envisioned as stacking two or more btoelts of data (whit-.‘a
read on left to right), and then rranaraitting a bit stream in
a eolurrto-by-column. top-to-bottom sequence. the can be
men, a burst of folerfierenoe will lilteiy only cause the loss
of a few bits per word at most. which ean be uorrected by
error onareoiion teohniques. rather than the lost: of entire
words. Of course. the mobile unit must appropriately
datulerleave the data prior to processing.

FIG. 17 generally illustrattm a variety of preferred tie
interval: which may variously be used for communication
between the system and various sets and auhtaota of mobile
units. An adaptable schedule tor these time intervals is
preferably generated, and may be revised according to
system demands. The scheduling of the time intervals
advantageously allows it ‘mobile unit to "power down"
during inactive time periods when the mobile unit will not
Lranemit or reeeivo any rnensageti. thereby coruterving hat-
tery power. Similarly, messages or information for delivery
to a subset of the total number of mobile ails will prefer-
ably be transmitted during time intervals which minimize
the delivery of those messages or information to unintended
mobile unit: not included in the subset to further conserve
battery power.

A preferred cycle protoool 1700 in shown in FIG. 2'l"(A).
The cycle pmtoou] Z700 ineludea a cycle header time
interval 27112. a systtamwitlt: forward (FWD) bait.-la time
interval 1704. a syatentwitla response time interval 2706. at
zonal forward (FWD) batch time interval 2703, a ltonal
reverse tim-0 interval 1'l'lll, and a reverse contention tie
interval 2712. Ollie: arrangements, such as moving thesysterttwide reverse interval next to the iaoml reverse inter-
val may he considered if l'.ra.nsmil|er turn on time is signifi-CIEIL

The cycle protocol generally schedule: time slots for
systetrrwide and zonal forward ehamtel information transfer
iirnm the network In the mobile units and forsysteewide and
zonal reverse cbattoel information transfer from the trtobtle
transceiver uttita to the network. Briefly. llae eyclr. header
2'30: field _ittc1udes overhead or “housekeeping”
intortnaiioo. ui: syeteniwide forward batcli field‘ 3104 and
the anus! Eonvarti batch field 2713 provide forward oom-
munication capability through the base trauarnitters to the
mobile units in a systemwide time interval and a mortal time
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interval, rtatpectively. The aysteniwirle response field 2706
and zonal reverse field 2710 provide a retnm signal period
for the mobile transceivers to respond to messages generated
during the systeniwide and zonal forward batch periods
2504 and 1508, respectively. Finally, the reverse contention271.2 field allows the mobile transceiver to initiate access to
the network.

I-Lroh of the fields showrt, except the cycle header Z701
field. ii preferably variable in duration. and may he changed
by the central computer 2002. depending on message traflic
requirements. The t:teg‘nru‘ng of the eycle is synchronized by
the central computer to a time standard and preferablyno-insides with the start of minute or half minute intervals.
Each mobile untl preierably includes liming cilamitry, as
previously described. which allows for the mobile unit to
power up at the beginning of each cycle to reeeive OD]1llIl'II-nlcation.

For each cycle. the neutral oomputer mt): calculates the
amount of time required for each field to maxit-am infor-
mation throughput by the network. For example. for Ilte
cycle protoonl 2700 shown in FIG. 1'l'(A.], the central
computer will calculate the arnouutnftime ecoasary for Ihe
systetnwide fonvard batch field 2704. the ayatemwidc
response interval 2706. the zonal forward interval 2708. the
zonal reverse interval 2'.l1(l. and the reverse contention
interval 27.12. The cycle header 2703 will preferably include
timing ofiaet data which will indicate the timing nflset from
the cycle header until the beginning of the systernwide
response interval zllllti. the beginning of the zonal forward
interval 2708. the beginning of the zonal reverse interval
Hit], and the beginning of the reverse onntention interval2112.

111: cycle header 1701 starts preferably with an [I digit
long preamble (not shown) for digit synchronization pur-
poses. The preamble allows for the mobile unit to synchro-
nite its tinting circuitry with the network. For example. Ilia
timing ciruttitry of the mobile unit could become nlfset from
the ttetworlr dire to nirnortly caused inaccuracies. The
preamble is followed by a ‘start of header‘ string of four
digits and all timing ofisots within the cycle are calculated
as a number ofpredefirtect intervals beginning from the start
of the last header digit. The arm of beaderslritig is followed
by an 8 digit string grouped into two words, each of which
'5 proteoted against enota by encoding it using a forward
error correcting code. preferably a Bose. Chaurllruri. and
Harlfltlctlghttfll (BCH) oode or 1 Reed Solomon node. These
error onneetlng codes add additional digits ‘tn the informa-
tion digits in a code word. where the additional digits are 3
specific function of the information digits. so that if eertain
common error events occur. adeoodiog step ‘utvolvtrtg all of
die transmitted digits, both information and addition]. can
recover the original infnrrnatinn digits. The firat code word
will domain a count of the eurrertt cycles execulted for that
day. The sneoortd code tlturrlwill contain the necessary timing
oflfaels for the beginning of the time intervals in the cycle
protoool 2700. Further i.n£nrtrtIl.ion regarding error entrant-
irtg codes may be loud in Gallagher, "lnlonnatlon Theory
and Reliable Communication." Wiley 1958, which is hereby
incorporated by refertenoe.

The systemwlda forward batch 2704 field generally
includes a zonal header time interval including overhead
ittformulittn and a series of 64 batches. Also, the zonal
forward interval 2710 Similarly tneludea azxittal header time
interval with overhead information and a series of 64
batches. Each baleh is a string of data ootaining inl7nrroa-
tinn specifically directed to a single group of mobile units.
Each batch preferably nnntairts inforrnatinrt directed to I
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certain class of mobile units with the classes divided by the
types of urvioe provided. For an niple. a that hatch could be
dirwted to all mobile transceiver units. and a seoond hatch
could be directed to all mobile 1' eeeiver nails. Further, each
batch may contain aeveral messages, eaeh intended for
difierent mobile units within the particular class of unit to
which that batch is directed. Generally. FIG. 22-‘(B-) shows
the forward hatch interval protocol 27.!!! preferred for both
the systemviide forward interval 1794 and the zonal forward
interval 2705.

The systomtarlde forward interval 2104 is preferably used
only for sending a probe signal to a mobile trtt.n.§u:ivcr unit
which does not respond to zonal memagea (Le. a “lost” unit).
However. when necessary. the systeniwide forward interval
2704- may be used to deliver messages to mobile units
located in overlap areas. The ID number. or address, ofthe
lost mobile unit is preferably liollowed by data indicating a
timing nfiset which is a time delay amount until the begin-
ning of the time slot designated for the retttrrt signal of that
mobile unit. An alternative implementation. which may be
useful for mobile units that have not responded for a period
of time, could have rnnblle units that have received a probe
signal respond during the reverse contention interval.

After the end nftlte broadcast on the systenwt-ide forward
batch time intervtt 2704. all network base transmitters shut
down until the beginning of the renal forward batch timeterval 2708.

The forward hatch interval protocol 1751] includes a
forward channel header interval 2114 which includes data to
allow the timing circuitry of the mobile ttnitatn synchronize
themselves with the incoming data stream. Tlir. forward
channel header 2714 ataapreferahly includes data indicating
I tln1ingofiseIschedttli.ng a reverse channel time interval for
each batch. as may be required. Of course. the forward
ohannel bradar 2714 for the syatemwide forward interval
2704 would indicate a timing Dfihtel for reverse channel
transmission during the systetntvide response interval 1106.
and the forward channel header 2114 for the zonal forward
interval 2708 would inrtieate a timing olfset for reverse
channel transmission during lhe_ zonal reverse interval 2710.

The forward channel header 2714 further trtclttdes a data
stream to the mobile unit listing which of the B4 hatches will
follow and the timing ofliaeta indicating when those batches
will be transmitted. Again. this feature advantageously
allows the mobile tlatit to “power down“ during the system-wide and zonal forward intervals 2704 and 2106 until the
appropriate time for receiving its batch information. thereby
cnnsendng the battery power of the mobile unit. The temair.'t—
ing fields batch i 2320. batch] 2722, and batch Jr 2721 are
the individual balchu directed to the mobile units.

It should be understood that diflerent clause: of mobile
units can follow difierent desirable batch protocols. depend-
ing on the type of servine, processing power. battery
capacity. or other factors.

The il1di\"ldlSli batch protorxi] 2790 is shown in FIG.
'a."l'(C}. The batch header field 1136 is aimllartn the header
fields discussed above for PJGS. 2‘f(A] and (E). The batch
header 2726 includes a liar of particular mobile units In
receive manages withitt the batch and includes tuning
ufiscla iudic.aI1'.ng when such will be broadcast.
Further. the hatch header 3116 includes data iodicatirtg a
liming nlfset scheduling a reverse channel interval in the
system reverfifi interval. the zonal reverse interval. or the
reverse contention inte-rval, as appwprialo. Again. this infor-
mation allows the mobile unit to extend its battery life
because the mobile unit need only power up at the appro-
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pl-late time to receive or transmit the appropriate measagc.
Fur1her.t"l is preferred that the reverse channel timing offset
data be transmitted using cnttr cnrrctttittrt codes to insure
accurate receipt thereof by the mobile unit. Accurate receipt
of the reverse channel timing other data will prevent
unwanted or untimely I.t'lt1§t1'lis5inl1t§ by the nlobilt unit and
insure that a mobile unit may properly transmit a neative
acknowledgment signal if it fails to property receive an
unentroded mmsage.

The individual essago interval 273: iricludes the indi-
vidual message intended liar a particular n-labile unltnr units.
The duration of each message and number of messages
within l hatch may be varied by the network operations
center B00 and is lrahic dependent

Each mobile unit with tranitnttl capability that has
received a message in the immediately previous syatantwiuelbrward interval 170% or the zonal r'orwa.td interval 2708
will have an appropriatctinte slot fnrtranarnission scheduled
in the aysten-twidc responm interval 2785. or the zonal
«worse iutt:rvI12‘T1t!. respectively. The timing circuit in the
mobile transceiver noil determines the assigned time slot for
transmission. For example. if the mobile unit simply intends
to (t'll'tSl't'Ii|. an acltnowlcdgment signal. which indicate: that
the mobile unit has properly received the message Erotn the
network. an I bit preamble followed by the adrirfi of ti!!!
I'ltol'I'ilt'. nuit need only be transmitted and I 3 bit acknowl-
cdgmcl. However. if a more extensive reply from thtt
ntobilc urttl is required. additional data could he transferred
during this time slot. In particular. long reverse mctatagea
could be scheduled in teapnoso to .1 request from the mobile
unit sent during the mnlenlinrt irttenrai 2712. I5 di.-ruraedhereafter.

Due to the low power h'ansn1il capability of the mobile
transceiver units, there is an increased likelihood of data
transmission errors {or reply signals. The extended Gotay
node for error protection may be utilized for reverse channel
messages from mobile ttanmelver units to the network.

The aystewidc response interval 2'.t'|]d and the zonal
reverse interval 2710 provide communication capability
from the mobile transceiver units to the networtr (i.e. the
reverse channel).

Stilt nit-ther, n prefierred embodiment accommodates
mobile terminalnwlth extensive reverse message generation
capabilities (c.g.. a laptop mmputnr connected to a radio
transceiver) by allowing for contention messages that
request extended reverse channel time for the Irartsrnirsion
of a long reverse message. The reverse contention interval
2111 is located utter the zonal reverse interval 2110 and
provides for unscheduled messages from the mobile unit to
lhe networlt. For exanrple. the mobile trausmivcr unit could
send It message to the network during the reverse contention
interval 2712 indicating that the user no longer wislata to
receive messages. thereby tcrtr|irta1i1tgservioe.Alao. the uaer
could Lrartstnlt a message to tile network during the reverse
conteti interval 2112 indicating that the user now desires
to reestablish scrvitsca and begin receiving messages from
the network. Further, a “registration signal.” which is dis-
cussed tlttfra. could be trarlamilled during the reverse oonv
Ientioo interval 11.12.

The reverse contention interval preferably utilizes. a
so-called “stotlpd ALOHA" protocol. which allow: the
mobile unit to rartdnn-lly select I predefined time slot w1'tltirt
the contention interval to transmit 1 message. A mobile
station wurllng to transmit will llrst divide Ilttt: t.-otllentiun
interval into slots. preferably 5.13 tnri in length. and then
choose randomly any of them to start transmitting. The
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slotted ALOHA. protocol is preferred in-.oause of the low
likelihood of data "collisions" (in. 2 or more mobile units.
transmitting during the same time slot}.

1. Registration of the Mobile Unit
Because the network operations center 600 stores the

location of each mobile I.tfl.ll in the system in the user
database 2101}. it is preferred that each mobile lraunoeivcr
unit have the capability to "rcgialeH' with the network
operations center GIN] by sending a registration signal to a
base receiver into the network to update the location data.

The mobile tranaccrivttr unit proferably registers by simply
transmitting its identification number to a hub: receiver.
which forwards thur data and data representing the location
of the base receiver to the network operations center Still.

'l'he rnnhila transceiver preferably registers upon crossing
moat boundaries to alert the network operation center that
the mobile transceiver has ten one code and entered another.
For example, the mobile unit could moeiveiofoamation from
the nearest bl-ac lransttznitter identifying which mu: thathasc
transmitter is assigned to at the beginning of each commit:
ttication cycle. Upon receipt of such information from II has:
transmitter indicating that a nearby base transmitter IS
assigned to a new zone. the mobile transceiver then ptefierv
ably transrntts a registration signal.

The mobile transceiver unit may also transmit a registra-
lion algal in other desirable instances. For example. if the
mobile transceiver unit has moved away from the transmitter
coverage areas of the network for a period of time, the
mobile transceiver unit may prefierably transmit a registra-
tion signal upon returning to a coverage area. The display
and storage logic 150! of the mobile transceiver unit prefv
embly recognizes that the unit has left the coverage area of
the network upon failure to receive data from n has: trans-
mitter in the network during the cycle header time interval
2702, for example. The t:oobt'l.e unit may leave the coverage
area of: hm transmitter of the neutron: when the user lattes
the unit out of the country, or enters the basement of I
building. for example.

The mobile unit may also prefierahly transmit a registra-
tion signal when power is restored to the mobile unit that
having power rcmavcd. such as after being nu'ner.l ofi by the
user. Of course. the power may be restnrud to the unit by
replacing or recharging a dead battery. which may also cause
transmission of a registration signal.

in general. the network must balance the used for frequent
registrations by the mobile transceiver units. and the desir-
able result of accurately knowing the location of each
mobile unit. thereby preventing the need to: probe signals,
with the undesirable overhead costs of too frequent
registration, which sacrifices data tbrougltput by utilizingvaluable transmit time.

In the preferred embodiment, the central computer 2002
nfthr. net-wnrlr operations center fitltl can achieve dmirahle
performance by implementing one or more algorithms to
evaluate the need for registration by I rnobfle unit. and than
appropdalely controlling the registration performance of
that mobile unit. If the central computer determines that
rogistrttliott of a. particular mobile unit is useful. then the
mobile unit preferably should receive 1 message from the
oettvnrlttn cause the mobile unit to send registrationsignals
at avllmnriate limes Conversely. if the central computer
determines that the registration st'gnaLs £ron1 the mobile unit
are too irequeutly not useful. the rrtobilc unit preferably
should receive a message from the nelworit in canal: 1lll'.‘
mobile unit not to transmit registration signals.
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To implement this feature, the naohile transceiver urtir

further preferably includes a registration flag (not shown) in
the- diaplayattd storage logic section lfiflfl. If the registration
bag is set. Ibe display and storage logic section 15138 causes
the mobile transceiver to autonomously send a reghtratiot:
signal to the nerwodr operations center on a desired basis. If
the registration bag is not set. the tit‘.-rplay and storage logic
section 1508 prevents any registration signals from beingsent.

The registration flag may ‘on set or removed upon com-
mand from the networir cperslions center by ltiflfllfllfilflfl of
an appropriate signal trout a base transmitter near the mobile
unit. A variety of algorithms. possibly regarding individual
users or groups of users. can be used to determine whether
or not tho registration flag should be set. [I should be
appreciated that the prmcrtl invention provides two distinct
algtarilhms. for implementing these registration concepla
depending upon whether the registration flagis set or not in
the mobile unit (ie. the slate of the mobile unit).

FIG. 2-BIA] show‘: I flow chart describing It preferred
method 1800 for irnplernettting the registration concepts at’
the present invention wherein the registration feature of the
mobile unit is disabled. ln step 2802. the rterworlr sends a
rncstsage to disable the r¢gislra|jr.Irt feature (i.t-.. that the
registration Bag to zero) of the mobile unit to disable the
mobile Iransceiver's cambilily In transmit a registration
sigtta|.As can be seen. step HIE determines the initial state
for the method set forth in FIG. 28m).

to step 3394. the network stores the number of probe
signals sent to the mobile transceiver during a first period of
time. and the number of eaaagea succestafittlly delivered to
the mobile transceiver by the network during ll second
period of time-. Preferably. the that and second time intervals
are identical. The Indie statistics database 1200 of the
database Ilfllfl is pmittrubly used to store the number cl‘
probe signals and successful! rricaaagea for each mobile unit.
Aseaplained hereioafler, these nvustatistics from the opera-
tion of the network are preferably used to determine whether
registration by the mobile unit is ttsaftt].

In stay 2305, the stored number of probe signals and
number of message: suoceaafttlly delivered in prnceszcl to
evaluate a likelihood that a probe signal will be required to
be set by the network to locate the mobile unit to deliver a
message. The preferred embodiment of the invention pro-
cusses the stlnred number tot probe signals and messages
successfully delivered in accordance with the method set
forth in FIG. 290!)

To Ref-:rri.a_t; now to P15. 290%). therein isahewn a series
of tsdllitailcpa which are preferably performed during the
implementation of the processing step 2504 shown in FIG.
2S[A). In particular. steps 2902 and 2904 are event driven
and only proceed to the ncrtl step afier an input has been
received by the networtr. Step 2902 determines if the net-
worlraent a probe signal Ioa lost mobile uanaoeiver ttnittmel
if a reply to the probe signal was received by a bat: reariver
in the network. If this event occurs. a coanterrtnot shown) is
incremented by a value P by the central computer Zlllil.

In step 290-I. ll a message was successfully delivered to
at mobile tranaceiver, preferably including an acknowledg-
ntent signal return from the nrobtle transceiver to the
rictwortr. the counter (not shown) in the central computer
2002 is dnr.-rerrtenled by It value D.

Afler the occurrence of either of the events tested for in
step 190: or step 1904. the algorithm proceeds to step 2906.
in step 29%, if the counter value is greater than a prede-termined value 1. this irtdieatstt lhal the litrehhorrd that a
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probe sigttel will be necessary to locate the chi]: trans-
ceiver is greater than a selected value.

As can be anon. the prooes of subaleps in FIG. 29(A)
balances the flrequeoey of probe signals sent to a particular
unit against. the number of sttcrastafully delivered messages
to that unit. If the system mustsend a large number ofprobe
signals. it would be useful In enable Ilte registration feature
by setting tlztcregirttration flag on that mobile unit to enable
the registration feature. In contrast, if many tnxages have
been succsafully delivered without requiring I probe signal.
it is unoeoeetuy to cable the regiahntion feature by setting
the registration flag.

In step 2808. a message is sent to the mobile unit to enable
the tnobile transceiver‘: capability to transmit a registration
signal if the calculated lfltelihood in step 1304 exceeds a
selected value. micart be seen, step 280! preferably sets the
registration Bag in the mobile tranacariver unit.

FIG. 2803) shows a flow chart describing a method 2810
for implementing the regietratio concepts of the present
invention wherein the registration featttra of the mobile unitis enabled.

In step 1311, the network sends a message to enable the
registration feature (Le. set the registration flag tn 1) of the
mobile unit to enable the mobile lratteceivers capability to
transmit a registration signal. All can be seen. step 1312

detergnines the initial state for tho method set forth in FIG.2803 .
In step 2814. the network stores the number of registration

signals tecnivcri by the network during: iiratpcriod oftirnc.
and the number of engages sttooessfully delivered to the
mobile transceiver by the network during, aeeennd period of
time. Preferably. the first and second time intervals are
identical. The trafic statistics database 2205 ot‘ the database
Jill! is preferably used to store the number of l'Egl5l.l'llliCtlt
signals and successful messages for each mobile unit. As
explained Tbereinaficr. these two statistics liotn the opera-
tion of the network are preferably used to determine whether
the registration by the mobile unit is uaerul.

In step 2816, the stored number of registration signals and
number of messages successfully delivered is processed to
evaluate the likelihood that a registration signal will he
received by a base receiver in the network that will not he
used by the network to determine a set of base lrantrtnitlers
to be operated to tranaa-tr’: a message to the mobile trans-
eeiver. The preferred embodiment of the inve nuon processes
the stored number of registration signals received and nulnv
ber of messages successfully delivered in accordance with
the method sat forth in FIG. 29(3).

Rtafizrring now to FIG. 29(3). therein is shown a series of
spbsteps which are preferably performed during the imple-
mentation of the processing atop 2814 shown in FIG. 28(3).
ll'I particular. steps 2913 and 2914 are event driven and only
proceed to the next step after an input has been received by
the nctwortr. Step 2911 determine: if tt registration signal
was retzived by I base receiver in the network. If so, a
counter (not shown) in Ilte central computer 2002 is toute-
mented by a value A. In step 2914. if a message was
successfully delivered to a mobile tranmeiver. preferably
Including an ttcltttotvledgmertt signal renrnt from the mobile
transceiver to the eyarcan. the counter (not shown] in the
central computer 2002 is decrernenred by a value M.

ll should be understood that the munler referred to With.
regard to steps 2912 and 291-1 is dilfemnt then ‘the. cxrunter
referred to with regard In steps 2902 and 2904 since each
counter only necessary when the registration feature is
enabled or disabled in the mobile transceiver. However. the
same physical or logical device may be used to implementhnth counters.
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After the nrxtnrrerroe of either events in the step 291: or
step 19“. the algorithm ptooeeclslo step 2916. In Hep Zfllti.
tlre process determines if the counter value is greater than I
pn=dete1'It'Iit't:d valueT. The value ofTt:an be varied to meet
the needs of a particular network. When the counter value
exceeds T. it is itttciicated that the likelilauod that at registra-
tion signal from that mobile unit will not be used by the
network to determine a new set of base transmitters. and
therefore the registrallonstatus for that mobile unit needs to
he changed to disable the registration feature.

In other words. the process in FIG. 29(3) balances the
frequency of registration signals sent by a particular un.iI.
against the number of suocefifttlly delivered messages to
that unit. As can be soon. if the mobile unit sends a large
number of registration signals without the system using
them registration signals. it would be usefttl to have the
registration fieaurre on that mralrile unit disabled. In contrast,
if many messages have been sttooessfully delivered without
too many registration signals being sent by the mobile unit,
it is unnecessary [or the registration feature to be drsabled.

in step 2318, a message is sent to the mobile unit to
disable the mobile I.ranicoiv‘er'§ capability to transmit a
rogi:tn'st.t'nn signal if the calculated lllceliltoori in step Illl-4
ettr-ends a selected value. As can be seen. step 231% may
preferably remove the registration flag in the mobile trans-oeivcr uniL

Dfcourse, it should beundttrstood that the variables P. D.
and I used in FIG. 29(A]. and the variahleark. M. and T used
in FIG. 29(3) can be adjusted as desired to enhance system
performance. as will be apparent to one of ordinary skill in
the art. The oountcrs can be implemented with so-called
“refleelive botlllllarlds" so that if a counter reaches a mini-
mum value (e.g.. auto), it will continuously reset to that
minimum value when further deczrernented.

it will be apparent to those Itltilled tn the art that various
modlttculor-ts and variations can be made in the systems and
rnelhod-5 of the present invention withoutdepaning from the
scope or spirit nittre invention.

Other ernbodhnenls of the invention will be apparent to
those skilled in the an from oansideralion of the specifica-
tion and practice of the invention disclosed herein. It is
intended that the specification and examples it considered
as exemplary only. with a true map: and spirit of the
invention being indicated by the following clatrnav.“mat is claimed is:

1. A nrulti-carrier simulcast transmission system for truth-
ntilting in a desired frequency band at least one message
contained in an information signal, the system nnrnprislng:

a fimt hannmittermnfigumd to transmit a firstpluraltty of
carrier signals within the duired fitqueucy band, each
of the llrst plurality of carrier signals representig a
portion of the information signal substantially not rep-
resenled by others of the firsrt plurality of eat-rier
signals; and

a second Innsntitter, spatially separated front the tits!
transmitter. configured to transmit aseoond plurality of
carrier signals in simulrasl with the lim plurality of
carrier signals. each of the second plurality of mrrier
signals eorrespnndingto and representing substantially
the same information as 1 twpeetive oarrlcr signal oi
the first plurality of carrier signals.

2. The nrutti—r:arrier simulcast transrrtlaaion system or
claim 1. wherein the firsl transnrillorcomprises a plurality of
transmitters located in a that area, and the scrsmd transmiuer
eornprisas a plurality of transmitters located in a secondarea.
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.3. The mnlti-carrier simulcast lnl1lS|11lSEl|!Il system of

claim I. wherein the first and second plutalities of carrier
sigrrala are evenly spaced within the desired frequency band.

4. The n1t.Ilti-tztrrier slnmlnast trananriaaion system of
claim 3. wherein the first and second pturatitiee of carrier
signals are eetl apprortlntateljr even-‘fl K.l‘1Z.Il|lCl wherein
the desirecl ncy band is apprortirnately 50 KHz wide.

5. The naulti-carrier simulcast tnnsmiasloa system of
claim 1. wherein each of the lirsl and second plttralities of
carrier signals comprise eight carrier signals.

5. The multi-tutrrier simulcast Iransnaissiort system of
claim 1. wherein the llrst ed second pluralities of carrier
signals tnclude an identical number of earrier signals. and
wherein each carrier signal in the fits! plurality corresponds
to and is slightly frequency shifled 10-10 Hz £1-urn the
respective can-ier signal in the second plurality.

T. The mtttti-carrier simulcast transmission system of
claim I, wherein the fast transmitter comprises means for
ntodtllating the titer plurality of carrier signals using a
modulation scheme. and the second transmitter comprises
means for modulating the second plurality of carrier signals
using the modulation scheme.

8. The nrultt—can-ier simulcast trarrarnisston system at
claim 7. wherein the modulation scheme‘ isselected hunt the
group including: modulated nofoflkeying, binary fieqttency
stdtt lreyirrg. M'I.ry frequency shift keying. and quadr-anrrre
amplitude modulation.

9. The rnulti-r:an'ier simulcast transmission system of
clrI.l.fl1 2. further comprising

a network operations center configured to generate the
information signal, the network operations center
includittg a receiver for receiving data input to the
network operations center. a database fior storing data.
a central computer connected to the reoeiver and the
tlltlrlttusae for pmoerning the input data and the database
data to generate the infer-rnation signal. and a satellite
uptinlt oonnecledlo the central computer for broadcast-
ing the iniorntation signal; and

a satellite for receiving the information signal from the
network operations oenter and for relransmitting the
information signal to the Etrst and second trarenritters.
wherein each of the fill! and second transmitters oor:n~
prises satellite dnwnlinlr means and base transmittermeans.

10. in a mttllidzltrrier simulcast transmission system, a
method for transrnittirrg in a'desl.red frequency band [I] II
least one message contained in an trrronnation signal. the
method comprising the steps of:

geuenring a non plurality or carrier signals within the
desired frequency band, each of the firs: plurality of
carrier signals representing a portion of the information
signal substantially not represented by others of the final
plt.Ia.rl.t'l3t of carrier signals;

generating ll second plltraltly of carrier srgrrela within the
desired frequency band. each of the second plurality of
t:ttTier signals corresponding to and representing sub-
stantially the same information as a rtzpoctive carrier
signal of the first plurality of carrier signals;

transmitting the fir-st plurality of carrier signals from a first
transmitter:

tranamiuing the seumd plttrality of carrier signals from a.-teoond transmitter in simulcast with transnriasiurr of the
first plurality of carrier signals from the tits: transmit-ter.

11. The method of claim 10, wherein the firal andseoonrl
piuralltice of can-{er signals are evenly spaced witltin the
desired Iroquenqr hanrl.
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12.. The method at’ claim 10. wherein the Elrsl and second

plu.ra|.it.fes of earlier.-signals are spaced approximately every
3 Km. and wherein the desired Ereqnency band is approxi-
mately 50 101: wide.

I3. The method of claim K0, wherein the first and second
pluralilica of carrier signals each mmpris: eight calfier
aignatr.

14. The method of claim 10. wlaercirl I11: fiml and seonnd
pluralitiee of earrier Illa firs: plurality corresponds In and is
slightly frequency shined 10-II H: from Ihe respeclive ID
(‘arribr signal in llie secclnrl plurality.

15. The method of claim 10, wherein at least one nf the
lh-at and second pluralilies of carrier signals is modulaied
according to a modulation scheme. sateeiod {mm the group
including- modulated orIlbfl' keying, blmry frequency shift 15
haying. M'ary Enaquenr.-y shift keying, and quadrature ampli-tude modulation.

16. The melhod of elaim 10, wherein the Hep of gener-
ating the flrst plurality of r.'arrie1' signal: comprises the
suhstep or modulating the first plttralily of carrier signals :0
using I Inodulnlinn scheme.

1?. The method of claim 10, wherein the step of gener-
ating a second plurality of carrier signal: comprises the
subslcp of modulating lhe amend plurnlisy ufcarriersiguals
using a modulation scheme.
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18. The method of claim ll), wherein the step ni gener-

ating a second plurality of carrier signals cnmpriacs lhe
suhetep of generating; the second pluraliiy of carrier signals
an Erequenctnssllgluly nmiet frown the firs: pluralitgrofearrier
signals.

19. A multi-carrier simulcast Lmtsmnssion system for
rrsnsmilliug in I chsired frequency band :1 least one mes-
sage contained tn an information signal, the system oom-
prising‘.

dreams for Lranmilting a first plurality of carrier aignrla
Wilhiu the dcairad frequency band. each of the Iirsl
plumlitynfearrier signlls representing a portion of llu:
information signal substantially not represented by
when ofihe firs‘! plurality of conic: signals; and

means for trmmnitling a second phlrality Dfcarrier signals
in simulcast ‘with the firal plunzlily oi carrier aignala.
each at the secnnd plurality of carrier signals entre-
spcnding lo and representing smstnntially the same
infinrmatinn as a respeeiivc carrier signal of 111: Ilusl
plurality of carrier signals.

kttio
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 UNITED STATES PATENT AND TRADEMARK OFFICE

CERTIFICATE OF CORRECTION

PATENT N0. : 5311210
DATED -. June 22. 1999

"WENTOFHSI : CAMERON er al.

I! is uenified lhat error appears in the above-indenlifiad patent and that said Leners Patent ls hereby
nonacied as shown baiuw:

 
 
 

 

 
  

Claim ID. column Id, line 46, dele1.e"[a]".

Claim 14, column 35, line 9. after "carrier" insert therefor --signals include an identical
number ofcarrier signals. and wherein each cartier signal in——.

 
 
 

Signed and Sealedthis

Twenty-third Day of November. 1999

0.11::-no nxcacmson
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3 " 0 ‘%»—/o 74‘*5 N ’ ' ./08/760457
ate/A

' " HE UNITED STATES PATENT AND TRADEMARK OFFICE J E
T '9?! MMISSIONER FOR PATENTS

. 20231
Attorney Docket No. 03680.0083—04000

Art Unit: 2611
Examiner“. T. Le

SIR: This is a request for filing a

Continuation under 37 C.F.R. § 1.60 of pending prior application Serial No. _0?i9T3.91B
filed November 12, 1992 of Dennis Cameron et al. for A NATIONWIDE
COMMUNICATION SYSTEM.

1. [XX] Enclosed is a complete copy of the prior application including the oath or
Declaration and drawings, if any, as originally filed. I hereby verify that the
attached papers are a true oopy of prior application Serial No. 0TlQT3,91 8
as originally filed on November 12. 1992;

2. [ ] Cancel claimsT(At least one original
independent claimrnust be retained for filing purposes.)

3. [XX] A Preliminary Amendment is enclosed.

4. [XX] The filing fee is calculated on the basis of the oiaims existing in the prior
application as amended at 2 and 3 above.

(5) Basic Fee
{4} Rate $77.0

X $ 22.00

Multiple Dependent Clain1(s} (if applicable} +$250.00

Total = $770.00

Reduction by ‘/2 for filing by small entity

TOTAL FILING FEE -'= $770.00

 
5. [XX] A check in the amount of $770 to cover the filing fee is enclosed.
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5. [xx]

 

8 I 1

9 [xx]

10. 1 1

11 [ 1

12 pot]

The Commissioner is hereby authorized to charge any fees which may be
required including tees due under 37,C.F.R. § 1.1.6 and any other fees
due under 37 C.F.R. § 1.17, or credit any overpayment during the
pendenoy of this application to deposi ooount No. 06-0916.

Amend the specifica inserting before the first line. the sentence:

fidgu“tion Serial No. 07i'973,918, filed- 1it This is a continuatio
November 12. 199 .6. FA‘. No. S. 5'10. W03

 

 
 

 
 New fo - . . drawings are enclosed.

The prior application is assigned of record to: Desiineer Corporation.

Priority of application Serial No. . tiled on

A verified statement claiming small entity status is [ ] enclosed or [ ] is on
file in the prior application. -

The power of atlomey in the prior application is to at least one of the
following: FINNEGAN. HENDERSON. FARABOW. GARRETT &
DUNNER. L.L.P.. Reg. No. 22.540. Douglas E. Henderson, Reg.
No. 20.291: Ford F. Farabow. Jr.. Reg. No. 20.§30; Arthur S. Garrett.
Reg. No. 20.338: Donald R. Dunner. Reg. No. 19.073; Brian G.
Bmnsvold. Reg. No. 22.593; Tipton D. Jennings. IV. Reg. No. 20.645:
Jerry D. Voight. Reg. No. 23.020: Laurence R. Hefter. Reg. No. 20.827;
Kenneth E. Payne. Reg. No. 23.098; Herbert H. Mintz, Reg. No. 26.691;
C. Larry 0‘_Rourke. Reg. No. 26.014; Albert J. Santorelli. Reg. No. 22,610;
Michael C. Elmer. Reg. No. 25,857: Richard H. Smith. Reg. No. 20.609;
Stephen L. Peterson. Reg. No. 26,325: John M. Romary, Reg.
No. 25.331; Bruce C. Zotter. Reg. No. 27.680; Dennis P. 0‘Reilley. Reg.
No. 27.932: Allen M. Sokal. Reg. No. 26.695: Robert D. Bajefsky. Reg.
No. 25.387; Richard L. Stroup. Reg. No. 20.478; David W. Hill, Reg.
No. 28,220; Thomas L. Irving. Reg. No. 26.619‘. Charles E. Lipsey. Reg.
No. 28,165‘. Thomas W. Winiand, Reg. No. 27 .605; Basil J. Lewris, Reg.
No. 28,813; Martin I. Fuchs, Reg. No. 28,508; E. Robert Yoches, Reg.
No. 30.120; Bany W. Graham. Reg. No. 29.924; Susan Haberman
Griffen. Reg. No. 30.907; Richard B. Racine. Reg. No. 30.415; Thomas H.
Jenkins, Reg. No. 30.857; Robert E. Converse. Jr.. Reg. No. 27.432;
Clair X. Mullen. Jr.. Reg. No. 20.348: Christopher P. Foley. Reg.
No. 31.354; John C. Paul. Reg. No. 30,413; Roger D. Taylor. Reg.
No. 28.992: David M. Kelly. Reg. No. 30.953: Kenneth J. Meyers. Rg.
No. 25.146; Carol P. Einaudi. Reg. No. 32.220: Walter Y. Boyd. Jr.. Reg.
No. 31.738: Steven M. Anzalone. Reg. No. 32.095; Jean B. Fordis. Reg.
No. 32.984: Barbara C. Mccurdy. Reg. No. 32,120; James K. Hammond,
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Reg, No. 31.964; Richard V. Burgujlan, Reg. No. 31 344: J. Michal
Jakes. Reg. No. 32.824; and Allen M. Lo, Reg. No. 37.059.

13. [XX] The power appears in the original declaration of the prior application.

14. [ ] Since the power does not appear in the original declaration, a copy of the
power in the prior application is enclosed.

15, [XX] Please address all oorrespondenoe to F NDERS .
EABABOW, GARRETI’ AND DUNNER. L.L.P., 1300 I Street. N.W.,
Washington, D.C. 20005-3315.

18. [ ] Recognize as associate atlomey

17. [XX] Also enclosed is a Petition Under 37 C.F.R. § 1.43(b}.

EflJ_ if any extension of time is necessary for the filing of this
application, including any extension in the parent application. serial no. 0?l973,91B
filed November 12, 1992, for the purpose of maintaining copendency between the
parent application and this application, and such extension has not otherwise been
requested, such as extension is hereby requested, and the. Commissioner is authorized
to charge necessary fees for such an extension to our Deposit Account No. 06-0916.
A duplicate copy of this paper is enclosed for use in charging the deposit account.

FINNEGAN. HENDERSON. FARABOW.
GARRETT 8: DUNNER, L.L.F'.

3,; Jiznflhao
Allen M. Le

Reg. No; 37059

Date: December 6. 1998
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IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 
ASSISTANT COMMISSIONER FOR PATENTS
Washington. D.C. 20231

Attorney Docket No. O3680.DO33-04000
Prior Application:
Art Unit: 2611
Examiner: T. Le

SIR: This is a request for filing a

Continuation under 3? C.F.Ft. § 1.60 _of pending prior application Serial No. 071973.918
filed November 12. ‘I992 of Dennis Cameron et al. for A NATIONWIDE
COMMUNICATION SYSTEM.

1. [XX] Enclosed is a complete copy of the prior application including the oath or
Declaration and drawings, if any, as originally filed. I hereby verify that the
attached papers are a true copy of prior application Serial No. 071973.918
as originally filed on November 12, 1992.

2. [ ] Cancel claims ' lAt=|east one original
independent clairnmust be retained for filing purposes.)

3. [XX] A Preliminary Amendment is enclosed.

4. [XX] The filing {so is calculated on the basis of the claims existing in the prior
application as amended at 2 and 3 above. '

(2) Number (3) Number (5) Basic Fee

T m2-0°D
Independent
Claims

   
  

  

 
 

x $ 78.00

Multiple Dependent Claimlsi (if applicable) +$250.00

we-00
Reduction by ‘/2 for filing by small entity

TOTAL FILING FEE" =

5.- [XX] A check in the amount of $770 to cover the filing fee is enclosed.

  $770.00
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I0.

11.

12.

IXXI

[XX]

[1

[XX]

I

The Commissioner is hereby authorized to charge any fees which may be
required including fees due under 37 C.F.R. § 1.1.6 and any other fees
due under 37 C.F.R. § 1.17. or credit any overpayment during the

. pendency of this application to deposit Account No. 06-0916.

Amend the specification by inserting before the first line. the sentence:

— This is a continuation of application Serial No. (J'r'!973,916, fiied
November 12. 1992.-

New fonnal drawings are enclosed.

The prior application is assigned of record to: Destineer Corporation.

Priority of application Serial No. . filed on

A verified statement claiming small entity status is { ] enclosed or [. ] is on
file in the prior application.

The power of attorney in the prior application is to at least one of the
following: FINNEGAN. HENDERSON. FARAEIOW, GARRETT 8.
DUNNER, L.L.P., Reg. No. 22.540. Douglas B. Henderson. Reg.
No. 20,291; Ford F. Farabow, Jr.. Reg. No. 20.6.30; Arthur 8. Garrett.
Reg. No. 20.338: Donald R. Dunner. Reg.'No. 19.073; Brian G.
Brunsvold, Reg. No. 22.593; Tipton D. Jennings. IV. Reg. No. 20.645;
Jerry D. Voight. Reg. No. 23.020; Laurence R. Hetter, Reg. No. 20.827;
Kenneth E. Payne. Reg. No. 23.098; Herbert H. Minlz. Reg. No. 26.691;
C. Larry O'Rourke. Reg. No. 26.014; Albert J. Santorelli. Reg. No. 22.810:
Michael C. Elmer. Reg. No. 25.857; Richard H. Smith. Reg. No. 20.609:
Stephen L. Peterson. Reg. No. 26.325; John M. Rornary. Reg.
No. 26.331; Bruce C. Zotter. Reg. No. 27.630: Dennis P. O‘RellIey. Reg.
No. 27.932; Allen M. Sokal. Reg. No. 26.595; Robert D. Bajefsky. Reg.
No. 25.387; Richard L. Stroup. Reg. No. 28.413: David W. Hill. Reg.
No. 28.220; Thomas L. Irving. Reg. No. 28.619: Charles E. Lipsey, Reg.
No. 28.165; Thomas W. til.-“inland. Reg. No. 27,605;-Basil J. Lewris. Reg.
No. 28.818; Martin I. Fuchs. Reg. No. 25,508; E. Robert Yoches. Reg.
No. 30,120; Barry W. Graham. Reg. No. 29.924-, Susan Haberrnan
Griffen. Reg. No. 30.907; Richard B. Raoine._Rag. No. 30,415: Thomas H.
Jenkins. Reg. No. 30.857; Robert E. Converse. Jr.. Reg. No. 27.432:
Clair X. Mullen. Jr.. Reg. No. 20.348; Christopher P.‘ Foley, Reg.
No. 31,354; John C. Paul. Reg. No. 30.413: Roger D. Taylor, Reg.
No. 28,992; David M. Kelly. Reg. No. 30.953; Kennth J. Meyers, Reg.
No. 25.146; Carol P. Einaudi, Reg. No. 32.220; Walter Y. Boyd, Jr.. Reg.
No. 31.738; Steven M. Anzalone. Reg. No. 32.095; Jean 3. Fordis. Reg.
No. 32,984: Barbara C. Mccurdy. Reg. No. 32.120; James K. Hammond.
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Reg. No. 31.964; Richard V. Burgujian, Reg. No. 31.744; J. Michael
Jakes. Reg. No. 32.824: and Allen M. Lo. Reg. No. 37.059.

13. [XX] The power appears in the original declaration the prior application.

14. [ ] Since the power does not appear in the original declaration. a copy of the
power in the prior application is enclosed.

15. [XX] ‘Please address all correspondence to FINNEGAN. HENDERSON.
FARABOW. GARRETT AND DUNNER. L.L.P.. 1300 I Street. NW.
Washington, D.C. 20005-3315.5 ' 1

16. [ ] Recognize as associate attorney

17. [XX] Also enclosed is a Petition Undera? C.F.Ft. § 1.48{b).

E it any extension of time is necessary for the filing of this
application, including any extension in the parent application. serial no. 071973.91 8
filed November 12. 1992. forth purpose of maintaining oopendency between the
parnt application and this application", and such extension has not otherwise been
requested, such as extension is hereby requested. and the Commissioner is authorized
to charge necessary fees for such an extension to our Deposit Account No. 06-0916.
A duplicate copy of this paper is enclosed for use "in charging the deposit account.

FINNEGAN. HENDERSON. FARABOW.
GARRETT B. DUNNER. L.L.F’.

QC!’-:aq7.c'>'@
Allen M. Lo

Reg. No.: 37.059

Date: December 6. 1996
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 Field o the Invention

The present invention relates to methods and systems for

.!providing two-way communication capability between a central

iénetwork and a mobile unit over a relatively large area, and more

Eiparticularly to such methods and systems which allow for rapidI‘
-n

*.communication of large messages and efficient use of system

]:E50'LlI‘C-BS .

Descgigtion of the Related ggt

Conventional two-way portable/mobile wireless messaging

E.

-‘systems often provide a variety of services to subscribers.

'52‘‘Conventional messaging systems in particular provide one-wayi , .
i1

1

L

services using store and forward techniques to mobile receivers
H

--carried by the subscriber. A fundamental goal of tws—way.

.‘messaging systems is to provide a network of interconnected
1

1

iitransmitters and receivers which provides sufficient transmitted

1§signal strength and receive capability to uniformly cover aU

ligeographio region. some conventional messaging systems provideW

flthe message to the user on a small viewing screen on the mobile

E However, such conventional systems often suffer from problems

iassociated with low system throughput, evidenced by slow message
‘delivery and message size limitations and do not provide an
acknowledgment feature wherein the mobile unit transmits an

acknowledgment signal to the system to acknowledge receipt of the

message from the system. Generally,'system throughput refers to

5 - 1 -
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1

i
ithe overall comunication capability of a system as defined by.the
itotal amount of message data from the system to the mobile units
:transferred by the system during a given period of time divided by

:the frequency bandwidth necessary to transmit the message data and
'may be measured in bits transferred per Hz. Further, such

.conventional systems suffer from technical problems preventing

consistent wide area coverage and would require extremely wide

portions of valuable frequency bandwidth to achieve acceptable

system throughput rates.

simulcast technology in comunication systems was originally

_developed to extend transmitter coverage beyond that which could

‘:be obtained from a single transmitter. Over time, however,

.;areas.

l

+
\
u

12W.

‘isimulcasting has evolved into a technique capable of providing

gcontinuous coverage to a large area.

Generally, simulcast technology provides multiple

itransmitters, operating on substantially the same frequencies and

}transmitting the same information positioned to cover extended

As shown in Fig. 1, transmitter 100 generally provides

{coverage over area A, D, and E, transmitter 102 generally provides

‘[coverage over area B, D, and E, and transmitter 104 generally

iprovides coverage over area C, E, and ?. In some cases, theI

icoverage area of a first transmitter may be entirely enclosed

iwithin the coverage area of another transmitter, such as in
:building interiors and valleys. In areas where one (and only one}

transmitter dominates (e.g., areas A, B, and C in Pig. 1),

Isimulcast is effective because the other transmitters do not

'nsignificant1y affect receivers in those areas.
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W
l’ However, in "overlap" areas D, E, and F shown in Fig. 1,
liwhere the signals from two or lTlOtre transmitters are approximately

iequal, problems can arise because destructive interference of

’ signals occurs in these overlap areas such as areas D, E, and F.

Destructive interference occurs when the two signals are equal in

.magnitude and 130° out of phase and completely cancel each other.

While there were some successes, reliable design procedures were

not available.

Attempting to precisely synchronize the carrier frequencies

of all simulcast transmitters does not overcome the problem

.because points {i.e. nodes) at which destructive summing occurred

‘persisted for long periods of time. At such points, a mobile

ireceiver can not receive the simulcast signal.

r Deliberately offsetting the carrier frequencies of adjacent

transmitters can ensure that destructive interference does not

=persist at one point for an extended period of time. The slight

errors in frequency displayed by high quality reference

oscillators (e.g., 20 hertz errors in 100 MHz signals or a few

parts in 107] render deliberate offsetting unnecessary. Further,

merely offsetting the carrier frequencies could not guarantee

acceptable quality demodulation because proper alignment of the

modulating signals in time is also required.

Fig. 2 displays the situation at, for example, point D in

Fig. 1 when_modulating waveforms are synchronized and includes

f coverage boundary 202 from a first transmitter and a second

transmitter coverage boundary 204 from a second adjacent

§ transmitter.‘ An equi-signal boundary 200 exists where-the signals
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from the first and second transmitters have approximately equal

A more realistic equi—signal boundary would

E

E

E signal strengths.
i
Eatake into account natural and man-made topography and propagation

glconditions, and therefore would probably not be a straight line.
Figs. 3 and 4 generally illustrate various signals as they

=may occur at or near the equi—signal boundary 200 as shown in

Fig. 2. In particular, Figs. 3 and 4 illustrate various aspects

-90f modulation synchronization and how altering transmission

parameters may affect the synchronization. In general, there are

at least three sources which cause the signals from the first

gatransmitter and the second transmitter to be out of

.-synchronization: (1) timing shifts in the delivery of the

modulating waveform to each of the transmitters; {2} timing shifts

internal to each transmitter; and (3) timing shifts caused by

propagation distances and anomalies. From the persnective of a

receiver located in an overlap area, these three sources of timing

= shifts combine to produce an overall timing shifts between the

received signals from the first and second transmitters. In

current comercial practice. the summation of these three

components results in time shifts of about 200 microseconds. The

timing shift present in simulcast systems disadvantageously limits

the baud rate at which information may be transferred. In

general, Figs. 3 and 4 will also illustrate how timing shifts

prevents high baud rate transmissions.

A time line representation of a signal 306 from a first

FmHmM{H“nmwN§1transmitter is shown in Fig. 3(a) and a signal 308 from a second

W transmitter is shown in Fig. 3{B), both from the perspective of a

.--'-''‘..—Q -

‘K
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E receiver located in an overlap area. Vertical dashed lines 300I1l
wrepresent baud intervals on the time axis. as can be seen from

:.Figs. 3(5) and (E), the signals 305 and 309 are frequency

ljmodulated between a high and a low frequency value and the signals

"306 and 303 are exactly in phase. As will be appreciated, the

l‘timing shift between signals 306 and 308 must be small when
Icompared to the baud interval shown in Figs. 3(a) and (B) since

signals 306 and 333 are in synchronization. Of course, as the

E baud interval decreases, the timing shifts will likely cause

, signals 3G6 and 308 to be out of synchronization.

Figs. 3(6), [D). and (E) show the sumation of these two

?_signals 306 and 303 at an equi-signal boundary, such as boundary

éézoo in Fig. 2. Fig. 3(C) shows a composite signal 310 indicating

lithat the frequency information remains unchanged, Fig. 3(D) shows

fie linear graph 312 of the relative phase difference caused by a

I slight carrier frequency difference between the signals from the

|:first transmitter and the second.transmitter. Fig. 3(E} shows a

-icomposite amplitude signal 314. A noise threshold is indicated by
ri

lithe horizontal dashed line 304 in Fig. 3:21.'|

i; Of interest, Fig. 3[E) shows the composite amplitude signal

;|314 dipping below the noise threshold 304 at an anti-phase

iicondition 302 (e.g., when the relative phase angle is 1 180°, as
L:

jishown in Fig. 3(D)). As can be seen from Fig. 3(2), theI

ijanti—phase condition'3U2 caused by the slight phase shift between

fiitransmitter 1 and transmitter 2 will not cause any loss of data

Elbecause the anti-phase condition persists for only a small portion
I i

épof the baud interval.w-\a~neo1on. cc woos !"1-17! 103 ODOD

30
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iéphase of the two signals, as shown in Fig. 3(D). When the signals
L
‘ are 1 160“ out of phase, the temporary dip in the amplitude

5 llsignal may cause the loss of a few bits in the composite signal,

jzat worst. These errors can be counteracted with a conventional1:

Igerror correcting code, such as is commonly known.ji..

,. ‘Fig. 4 shows a set of similar signals to those in Fig. 3, butV
J

.fwherein the signal 402 from the first transmitter is offset from,

10 ;ior out of synchronization with, the signal 40¢ from the second

gfitransmitter by a full baud. In particular, signal 404 lags signal
@1402 by one baud interval. As previously discussed, the offset of
:!signals 402 and 404 may be caused by various timing shifts in the

delivery of both signals-402 and 406 to a receiver in an overlap

15 =.area. Figs, 4(a) and (3) illustrate the extree case where the

»

li

ileum of these timing shifts is equal to the baud interval shown by

igdashed lines 400. As can be seen in Pig. 4{C), composite signal

:|¢D6 includes a period of indeterminate frequency which undesirablyI

 covers several entire baud intervals and, therefore, successful

20 Rfidemodulation is impossible during those baud intervals. If the
Iibaud interval were increased to minimize the effect of these1

I timin shifts, data loss would be less likely. Therefore, it can
Ir 9

iibe seen that the baud rate at which good data transfer can be
H
ljacoomplished is limited by the timing shifts between signals
-5;

25 '1delivered to receivers in overlap areas.
can 0- PIE :1

u
}
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Through these examples, it can be seen that high degrees of
ii

: modulation synchronization make it possible to obtain good data

Idemodulation in a simulcast system. However, the baud rate

llimitation of simulcast systems is a significant drawback and

limits system throughput.

An alternative to simulcast for wide area coverage is

assignment of orthogonal, non—overlapping subdivisions of the

available system capacity to adjacent areas. Subdivisions can be

:made in time (e.g., broadcasting the information on the same

lfrequency in different time slots to adjacent areas), or in

frequency {e.g., broadcasting the information simultaneously on

' different frequencies in adjacent areas). There are several

. problems with such orthogonal systems, however. First, orthogonal

"assignments require tuning the receiver to the assigned frequency

or time channel for the area in which the receiver currently

resides. In the broadcast services every traveler has experienced

-the frustration of finding the correct channel for their favorite

‘programs. simulcast operation avoids the need for scanning and

igre-tuning as the mobile unit moves between areas. such scanning
h

ggand re—tuning also disadvantageously increases mobile unit power

consumption.
- I

E
:! Second, and more serious, the orthogonal assignment approachH

:.orthogonal assignments are required to obtain continuous area:1u

.'drastical1y reduces the system throughput capacity as measured in

b
its per Hz because anywhere from 3 to 7, or possibly more.

- capacity is somewhat recouped if the same information is not
-uu.smwu'roN, cc roses 1"ROI-426--I000
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1 E
‘1
‘needed throughout the service area because a given piece of1

.information is sent only to those cells where it is needed.
H

Conventional cellular radio service is a typical example of

:an orthogonal system. In cellular, the same frequencies are

5 reused in spatially separated cells to allow different data to be

transmitted to different mobile units. An example of three

cellular arrangements is shown in Fig. 5 where the number of cells

.§(n; is equal to 3, 4, and 1. Each cell [i.e., A, 5, c, . . .) in
2 conventional cellular service usually only includes a single

10 .transmitter and operates in a different frequency or time division

:within the communication protocol. As shown in Fig. 5, cellular

service generally locates transmitters utilizing the same division

3(all the "A" transmitters) far enough apart to reduce the

ilikalihood of interference between such transmitters. as the
15 :numher of cells increases, the likelihood o£.interference

;decreases. For example, with N=3 as shown by arrangement 500 in

;Fig. 3, the distance between the coverage area of "A" cells is

:about 5 cell width, with N=4'in arrangement 502, the distance
‘:between the coverage areas of "A" cells is slightly larger, and

20 glwith N=? in arrangement 504 the distance between "A" cells is

gflarger than the width of one cell.

However, as the number of calls increases, the length of the

' individual time intervals per cell decreases for time division

Emultiplexed systems, thereby decreasing the systems total>1u

25 =iinformation transfer. In frequency division systems, more cells

F~w:;°;:;lKmeiundesirably increases the frequency bandwidth required.
FAR.-WOW. C»-\9.n.e'H‘

3DW*H- UTherefore, systm throughput in bits per at is decreased as the-IJOD I STHEE M W. -
wumuoron. 0: zones '

u-zoz -no--one '

L
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‘znumher of cells increases. Furthermore, cellular systems oftenu

jirequire an electronic "handshake" between system and mobile unit

:to identify the specific_ce11 {i.e. transmitter) in which the

iémobile unit is located to allow capacity reuse.
5 II. SUIQMJLRY OF THE INVENTION

The systms and methods of the present invention have a wide

__variety of objects and advantages. The systems and methods of the

gpresent invention have as a primary object to provide a

:'comunication system with wide area coverage and high message

10 E throughput while minimizing frequency bandwidth usage.

5? It is an object of the invention to provide a simulcast
ggcommunication system with a high data transfer rate which does not
; exceed the baud rate limitations of simulcast transmission.

It is a further object of the present invention to provide a

15 ’_communication system which provides for superior data

- communication integrity.

Yet another object of the invention is to provide a mobile

Etransceiver unit which prevents unnecessary RF interference,

};particularly on commercial aircraft. .

20 ;; Still further, it is an object of the invention to provide aE

.fzone based communication system which may dynamically redefine

zone boundaries to improve information 't.hJ:Dug‘hput.

Another object of the invention is to provide a zone based

E
I
I
L
I

i-simulcast comunication system which can effectively communicate
25 iiwith both mobile transceiver units located near the center of eachI

..Aw am“. 5 I . . . .

Fmumnhmumncugfzone as well as mobile transceiver units located within the1'-«wow. Gmnsrr 3.-,
°°W"“ =aoverlap areas between two or more zones.ITIDD I ana£I.'r_ N i : Ifi1.lHMldl'O|l. BE IUODS ;

van: no: «see i ,l w
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iwill be obvious from the description, or may he learned by

?practicing the invention. The objects and advantages of the

invention will he realized and attained by means of the elements

.and combinations particularly pointed out in the appended claims.

To achieve the objects and in accordance with the purpose of

;the invention, as embodied and broadly described herein, the

invention is directed to a method for information transmission by

a plurality of transmitters to provide broad communication

capability over a region of space. the information transmission

occurring during at least both a first time period and a second

_time period and the plurality of transmitters being divided into

:at least a first and second set of transmitters, the method

I comprising the steps of (a) generating a system information signal

' which includes a plurality of blocks of information,

'i[b] transmitting the system information signal to the plurality of
.:transmitters, {c} transmitting by the first and second sets of

transmitters a first block of information in simulcast during the

Jifirst time period, (d) transmitting by the first set of
:%transmitters a second block of information during the second time
iperiod, and (e) transmitting by the second set of transmitters a

iithird block of information during the second time period.

1% In another embodiment, thelinvention is_directed to a
‘imulti-carrier simulcast transmission system for transmitting in a

.}desired frequency band a message contained in an information1
v ei

signal, the system comprising 3 first transmitter means for

/(-19-
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Qof carrier signals within the desired frequency band and by

limodulating the first plurality of carrier signals to convey the
:information signal, and a second transmitter means, spatially

separated from the first transmitter, for transmitting the

information signal in simulcast with the first transmitter by

' generating a second plurality of carrier signals at substantially

3the same frequencies as the first plurality of carrier signals and

,by modulating the second plurality of carrier signals to convey

the information signal.

In another embodiment, the invention is directed to a

- communication method implemented in a computer controlled

- communication network for locating a mobile transceiver within a

,region of space, the region of space being divided into a

;plurality of zones with each zone serviced by at least one base

transmitter and at least one base receiver, the network storing

' data corresponding to a zone where the mobile transceiver was last

Igknown to be located, the communication method comprising the steps

"of (a) transmitting a message signal by a base transmitter

Ifservicing a zone where the mobile transceiver was last known to be

élocated, (b) transmitting a systemwide probe signal by a plurality
E10: base transmitters servicing a plurality of zones if the mobile

gqtransceiver does not indicate receipt of the message signal from
tgthe base transmitter, (cl receiving the regional probe signal by
'§the mobile transceiver, (d) transmitting an acknowledgment signal 

.:by the mobile transceiver in response to the received regional
ii .

lprobe signal, {e} receiving the acknowledgment signal from the
W
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’1to reflect the zone of the base receiver that received the

mobile transceiver by a base receiver, and (f) updating the data 

'lacknowledgment signal as the last known location of the mobile

ftransceiver.

5 In yet another embodiment. the invention is directed to a

‘method of communicating messages between a plurality of base

transmitters and mobile receivers within a region of space divided

géinto a plurality of zones with each zone having at least one base

éétransmitter assigned thereto, the communication method comprisingL

10 fithe steps of (a) transmitting substantially simultaneously a first- 11

“information signal and a second information signal to communicateI .

qmessages to the mobile receivers, the first information signal

Hbeing transmitted in simulcast by a first set of base transmittersI

Eassigned to a first zone, and the second information signal being

15 gtransmitted in simulcast by a second set of base transmitters

-assigned to a second zone, (bj dynamically reassigning one or more

Iof the base transmitters in the first set of base transmitters
1

iassigned to the first zone to the second set of base transmitters

hassigned to the second zone as a function of the messages to be

20 icommunicated in an area, thereby creating an updated first set of1 1 '

Ibase transmitters and an updated second set of base transmitters,

Wand (C) transmitting substantially simultaneously a third\

‘information signal and a fourth information signal, the third

éhnformation signal being transmitted in simulcast by the updated
25 iiirst set of base transmitters, and the fourth information signalV

mmEmNJfiNMnDNibeing transmitted in simulcast by the updated second set of baseFAR.n\flDW’. CAKREW
$ DIIHNER
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transmitters to communicate additional messages to said mobile

In another embodiment, the invention is directed to a mobile

: transceiver unit for transmitting messages to and receiving

messages from a network comprising input means for allowing the

user to input a user message to the unit, transmitter means for

I;transmitting a radio frequency signal including the user message

.'from the mobile unit to the network, receiver means for receiving, . .

giradio frequency signals having a message from the network, signalI

|'detector means for detecting at least one type of electromagnetic

'-signal generated-external to the mobile unit and the network, and

‘in circuit, connecting the signal detector means to the transmitter

_ means, for disabling the transmitter means upon detection of the

I electromagnetic signal, thereby preventing unwanted radio

:frequency transmission.

In another embodiment, the invention is directed to aI

communication method for controlling a mobile transceiver which

.fmay communicate with a communication network controlled by a

icomputer, the network including a plurality of base transmitters1

'for transmitting messages from the network to the mobile‘

Wtransceiver and base receivers for receiving messages from thei

Emobile transceiver, the mobile transceiver being capable of

Esending a registration signal to be received by a base receiver in

«ithe network to identify the mobile transceiver's location and the

Fgplurality of base transmitters in the network being capable of
| sending a probe signal to the mobile transceiver to cause theFmuuow‘. Gamtsrr |5 DUNHER

-am: I ITRIIKY. -r w.
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H
ilidentify its location, the method comprising the steps of

:|(a) sending a message from the network to the mobile transceiver

_to disable the mobile transceiver's capability to transmit a

lireglstration signal, [bj storing the number of probe signals sent

by the network to the mobile transceiver during a first period of

time and the number of messages successfully delivered to the

;mobile transceiver by the network during a second period of time,

,(c] processing by the computer the stored number of probe signals

;and number of messages successfully delivered to evaluate a

_likelihood that a probe signal will be required to be sent by the

‘network to locate the mobile unit to deliver a message, and

‘(d) sending a message to the mobile unit to enable the mobile

,transceiver's_capabi1ity to transmit a registration signal if the

calculated likelihood exceeds a selected value.

Finally, in another embodiment, the invention is directed to

a communication method for controlling a mobile transceiver which

_may communicate with a communication network controlled by a

ilcomputer, the network including a plurality of base transmitters
‘for transmitting messages to the mobile transceiver and base

iureceivers for receiving messages from the mobile transceiver, the

imobile transceiver being capable of sending-a registration signal

lgto be received by a base receiver in the network to identify ther

  mobile transceiver's location, the network using received
= :

'{registration signals to determine a set of base transmitters to be

;operated to transmit a message to the mobile transceiver, the
I !

method comprising the steps of (a) sending a message from the

';network to the mobile transceiver to enable the mobile
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transceiver's capability to transmit a registration signal,

[by storing the number of registration signals from the mobile

transceiver to the network during a first period of time and the

number of messages successfully delivered to the mobile

transceiver by the network during a period of time, (c) processing

the stored number of registration signals and number of messages

-successfully delivered to evaluate a likelihood that a

10

registration signal from said mobile unit will not be used by the

network to determine a set of base transmitters, and (d) sending a

. message to the mobile unit to disable the mobile transceiver's

"capability to transmit a registration signal if the likelihood

‘exceeds a selected value.

It is to be understood that both the foregoing general

description and the following detailed description are exemplary

‘and explanatory'only and are not restrictive of the invention, as

jclaimed.
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BRIEF DESCRIPTI N F THE DEA N S 

The accompanying drawings, nhich are incorporated in and

constitute a part of this specification, illustrate several

embodiments of the invention and together with the description,

serve to expl ‘n the principles of the invention.

Fig.,l,:ika schematic diagram of an arrangement of simulcast
transmitters; -;

Fig. is schematic diagram of uniform smooth earth

-propagation

Fig. 3 is a schematic diagram of synchronized modulated

gwaveforms;
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1 E Fij;/j,is”5*sohematic diagram of modulated waveforms offset aI ,

it full be :1;
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5

10

diagram of an on/off keying modulator;

diagram of a frequency shift keying

diagram of a four carrier quadrature

15

diagram of a first embodiment of a

diagram of a second embodiment of a

20 ' diagram of a mobile transceiver;

representation of a mobile

diagram of a mnbile receiver;

*5: ematic diagram of an analog base receiver:

25 schematic diagram of a digital base receiver;

FmNmAHHwDfl£m‘ schematic diagram of a base receiver with eFun-mow. C.-uur.ETr
snwmn

DJOG 1 BTIOEEV. M “K.
uv-2-u-IOYDN. 0: GOOD! ;

-10:-ADE-IDDO

1

an owner: ‘x
1

F feature;x

1‘
30

88



89

File History Content Report

The following content is missing from the original file history record obtained from the

United States Patent and Trademark Office. No additional information is available.

Document Date ~ 1996-12-06

Document Title - Specification

Page(s) - 17

This page is not part of the official USPTO record. It has been determined that content
identified on this document is missing from the original file history record.

89



90

lI u

H

1 i‘IV. DESCRIPTION QF T33 PREFERRED EMBODIMENTSW
[.

-‘ Reference will now be made in detail to the present preferred

embodiments and exemplary embodiments of the invention, examples

of which are illustrated in the accompanying drawings. Wherever

5 possible, the same reference numbers will be used throughout the

drawings to refer to the same or like parts.

A. Qgerview of The System Hardware

fig. 6 shows an overview of the major elements of a preferred1

' communication system according to the present invention. As shown

In '_therein, the communication system includes a network operations

lécenter 600 which is connected to a satellite uplink 602 via data

lpath 604. A satellite uplink is used to provide data to satelliteL
606. Satellite 506 redirects the received data to several

:sate1lite downlink stations including-station 608 and station 510.

15 "Conventional satellite technology allows for nominal data transfer

rates or 24 M bits/second. Further, conventional satellite

jtechnology allows for accurate delivery of data to stations 608

;and 610, which allows for precise synchronization between the

Esignals broadcast in simulcast by the stations 603 and 610. It

20 _Eshould be understood that stations 608 and 610 may optionally
Tireceive identical data, or may individually receive different data

Qisimultaneously from the satellite 606.

ii Satellite downlink stations 608 and 610 are connected to

?jspatially separated base transmitters 612 and 614 via data paths

25 E616 and 618, respectively. Base transmitter 612 is connected to

FN“;;;fl;:;Lmwjfantenna.620, and base transmitter 614 is connected to antenna 622.Falwow, cmnrrr - _ . _
BDWNW .;Preferably, the base transmitters of the present.system have agun : §1'flICL n w. Iwllnluafail. or rooms

Viol Asa-«can
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1 power output capability of about 350 watts, which will provide an

effective transmitter coverage areadpf several tens of miles.Ea

krdnmmT1usrnfiuMe+4api&gr'tT*eacg zone preferably includes
\,; .

, multiple transmitter stationgsas will be evident from thef

- £3 1‘ flfollowing discussion.has \ ' 1
Mobile unit 624 is connected to antenna 626 and, in the

preferred embodiment, is a small, portable unit capable of being

E carried easily by a user and therefore is similar to conventional

I pagers in those aspects. More preferably, the mobile unit has

10 both receive and transmit capabrlity, with a nominal transmit

power output of about 1 watt.

II The comunication system includes several base receivers 523,

[E30, 632, and 634 each connected to antennas 636, 638, 640, and
642, respectively. Base receivers 623 and 630 are connected to a

15 rregional station 644 via data paths 646 and 648, respectively.

taase receivers 632 and 634 are connected to regional station 650

I 614 preferably have a large transmit power output capability to

L” I
25 i between base transmitters and mobile units, an overall ratio of 10

provide coverage to the mobile unit in areas to which

communication is typically difficult, such as building interiors,

and to extend the coverage area of each transmitter. An

appropriate number of base receivers should be dispersed

throughout the geographic area to reliably receive the signals

‘ via data paths 652 and 654, respectively. Base transmitters 612,

from the mobile unit. Due to the difference in output power

.. and some‘;
Fl!-LNECAH, HENBEILSDN

Emmet G.-xaxarr
B Dwrdir.

-we r sum-. 1 ».
‘‘’‘5P"MU‘'°‘‘. BC IOUGS
3 Dent «on «one

base receivers to 1 base transmitter may be appropriate. and the 2
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1 {to 1 ratio shown in Fig. 6 is merely shown for ease of

iillustration.

l Regional station 650 is connected to the network operations

1 center 600 via data path 656 and regional station 644 is connected:
5 to the network operations center 600 via data path 553. The data

paths E56 and 658 preferably include low cost phone lines. but mayf

include any convenient and appropriate data transfer technology.

Generally, the communication system of the present invention

roughly divides various regions of space into portions called

10 zones. Each zone must have one or preferably more base

transmitters assigned to it. Zone boundaries are roughly defined

by the transmitter coverage areas of the base transmitters

assigned to that zone. For example, Fig. 6 shows a dashed zone

dividing line 660 roughly dividing a zone 1 from a zone 2. Zone 1

15 includes base transmitter 614, base receivers 632 and 534,

regional station 650, and mobile unit 624. Zone 2 includes base

transmitter 612, base receivers 52% and 530, and regional station

654. Dashed line 650 only roughly defines the boundary between

zones because precise houndaries'do not exist. For example, to

20 insure adequate coverage of the region, as shown in Fig. 1, the

range of both transmitter 614 should at least cover the region

above dashed line 650, and preferably should extend somewhat below

dashed line SSH. Similarly, the range of base transmitter 612

should at least cover the region below dashed line 660, and

25 preferably should extend somewhat above dashed line 660. as can
Luv :3: 7-: rs

FmNxAKIfl"mmG" be seen, an overlap of transmitter coverage may occur in theFARAIOW. CARREHT _

9DW“"' vicinity of dashed line 660.I300 1 ITDCKK M ‘M
WIS!-|II10"flM_ fl: HOOD!

I-20! -‘OI AOQC
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Referring back to Fig. 2, it can be seen that boundary 2G2

and boundary 204 overlap in an area near the equi—signa1 200 and

between these boundaries which may be termed an "overlap area."

In Fig. 6, dashed line 660 is drawn near the may be defined as the

equi—signal boundary between base transmitter 614 and base

transmitter 612. of course, dashed line 660 does not represent

the overlap area that may occur between base transmitter 614 and

base transmitter 612.

as explained in the Background of the Invention section, if

base transmitters 612 and 614 are broadcasting identical signals

on the same frequencies in simulcast, good reception by a receiver‘

located near the dashed line EEG, and possibly in an overlap area

{not shown), can be achieved. simulcast thus may provide uniform

transmitter coverage for the region shown in Pig. 6. However, if

base transmitter 612 is broadcasting a first information signal

and base transmitter 614 is broadcasting a different, second

information signal on identical frequencies simultaneously, it

hill likely be difficult for a receiver located in the overlap

area to receive either the first or the second information signal.

In this instance, the overlap area may be referred to as an

interference area because a receiver in this area would receive a

composite signal, including the first and second information

signal, that would likely be unusable.

The following will be an exemplary discussion of the various

interactions of the elements of the communication system when

delivering a message to mobile uhit 624. In accordance with the

invention, a preferred method 700 of this interaction is shown in
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information signal of several blocks of information as shown in

step 702. The blocks of information include an electronic message

to he delivered to the mobile unit 624.

In step 103, the system information signal is transmitted to

the base transmitters. In particular the network operations

I!

Fig. 1. Network operations center 600 generates a system I

..w u'n::I

Flwzc.-w. Hmoansou l
FAKAIDW, Gamxarr

anmum
I330 I S'=£l-. la W.

UH§P1|N°7QH. DC 10°53
P203 IflI"DUU

5
center 600 provide the system information signal and appropriate

other data to the satellite uplink 602 via data path 604 for

transmission to the satellite 606. The data is then received and

retransmitted by satellite 606 to satellite downlink stations 608

and 610. The data received by satellite downlink 603 is provided

to base transmitter 512 through data path 616, and the data

received by satellite downlink 610 is provided to base transmitter

614 through data path 613.

At this point, the exemplary comonication system shown in

Fig. 6 may transfer the message to the mobile unit during one of

two time intervals. In the first time interval, both base

transmitter 612 and base transmitter 614 transmit data via antenna

520 and antenna 622, respectively, in simulcast to be received by

mobile unit 624, which corresponds to step 706 in Fig. 1- This

first alternative may be useful to deliver the message if, for

example, the location of mobile unit 624 in zone 1 or zone 2 is

unknown and broad coverage is desired.

In the second time interval, base transmitter 614 transmits a.

block of information_including the massage data to mobile unit 624

and base transmitter 512 transmits another block of information,

which corresponds to steps 703 and 710 of Pig. 7. This second

_ 22 _
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known to be located in zone 1 and out of range of base transmitter‘
1 alternative may be useful if, for example, the mobile unit 624 is

I
i 612. Delivery of the message to mobile unit 624 during the second

time interval is advantageous because during message delivery to

Ln the mobile unit 524 by base transmitter 614, base transmitter 612

could be delivering a different message to a different mobile unit

L {not shown). As can be seen, this second alternative would

increase information throughput and system efficiency.

if the mobile unit 624 has properly received the message via

10 antenna 626, then the mobile unit 624 may generate a return signal

and broadcast that signal via antenna 626.‘ The return signal may

be received by any or several of the base receivers 628, 530, 632,

or 634. For example, the return signal could be received by base

receiver 632 through antenna 640 it antenna 640 is located closer

15 to the mobile units than any other antenna 636, 638, or 642. In

this case, the base receiver would receive the return signal and

provide it to regional station 650 through data path 652. The

regional station would then provide the return signal to the

network operations center 600 through data path 656 for further

signal may include either an autonomous acknowledgment signal

which indicates that the mobile unit accurately received the

message or a user generated reply signal.

If the mobile unit 524 does not completely receive the

message, it can generate and broadcast a negative acknowledge

20 _ processing as appropriate. It should he understood that a return
25 }Luv urn: z a

Hfifigw Hmnmmn signal. The negative acknowledge signals when delivered to the
FAlLA:oW_ GARRETT |5 DUNNER
moo I SYFEE7. 9- In

ms--moron. at mass
3a to: -ma aoao
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network operations center EDD, indicates that retransmission of

the message is necessary.

It should be understood that the exemplary system shown in

Fig. 6 includes a modest number of elements for ease of

explanation. It is envisioned that the system of the present

invention include a large number of base transmitters, base

receivers, regional stations, and mobile units with a substantial

number of base transmitters assigned to each zone and all base

transmitters assigned to a particular zone operating in simulcast.

Further, it is envisioned that the present system could

advantageously support a large number of zones to_cover a wide

geographic area.

Overview of the zonal simulcast Qoncepts

The preferred systems and methods of the present invention

B.

variously use simulcast techniques within individual zones and

over several or all of the zones. As previously noted, zones are

generally defined by the coverage areas of the one or more base

transmitters. The network operations center 500 assigns each base

transmitter in the system to a zone. For example, in Fig. 6, base

transmitter 614 is assigned to zone 1, and the base transmitter

512 is assigned to zone 2 by the network operations center EDD.

To maximize information throughput, the systems and methods of the

present invention dynamically control zonal assignments and the

use of simulcast techniques.

In general, the communication system of the present invention

operates by repeating a communication cycle to achieve desired

information transfer, which is more fully discussed infra. The

96



97

L0

15

20

25

30

LAW an-en
Fl:-mzcnn, Hz:-aoanuou

FAR.ABl:‘r|V,C.AiP.AE1'l'
B Dir.-win

IIUCI I ETEKET In N.
.»-;....am.. as mass

vase 405--one

 
a zonal time interval. In the systemwide time interval, the base

transmitters from at least several zones are operated in simulcasti

to simultaneously transmit identical information to a large

geographic area. It should be understood that the systemwide_time—

merely two or more zones. i

Broadly speaking, the communication system need not know the

i

communication cycle is divided into a syatemwide time interval and!
location of a mobile unit to transmit to it during the systemwide

time interval. Therefore, the systemwide time interval can he

used to send a “probe” signal that requests a particular mobile

unit to broadcast an acknowledgment signal to allow the system to

receiver receives the acknowledgment signal. Probe signals.

thereby, may be used to track the locations of mobile units, or to‘

uncover the location of "lost" mobile units.

In the zonal time interval, each base transmitter assigned to

a particular zone transmits identical information in simulcast.

However, for mobile units at or near the interference areas
determine its approximate location by determining which base
between adjacent zones, poor communication to those mobile units

is likely during the zonal time interval because transmitters in

adjacent zones will be simultaneously transmitting different data

on the same, or substantially the same,.frequencies. The zonal

time interval provides good communication capability for mobile

units not located near the zonal boundaries and allows the system

to ‘‘reuse‘' identical frequencies in adjacent zones. Furthermore,

if zonal boundaries are selected to be located in areas where

mobile units are not likely to be located. i.e. unpopulated areas,

1 -''».a .- 25 -
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the likelihood of providing good_communication capabilities to a

large percentage of mobile units can be increased.

As can be seen, from a system perspective, it is desirable to‘

communicate with the mobile units in the zonal time interval

because information throughput is maximized by reusing the

transmission frequency band in the several zones. In other words,

. using the zonal time interval allows communication with a large

Accordingly,

communication during'the systemwide time interval should be

minimized because message transmission during this interval

requires a large amount of system resources be dedicated to that

message.’ number of mobile units in a short amount of time.
For mobile units located near the boundaries between zones

where interference is likely during the zonal time interval, good

comunication capability can be achieved for these units during

the systemwide time interval. In the preferred systems and

methods, when a mobile unit fails to acknowledge a message sent

during the zonal time interval or provides a negative

acknowledgment, the network operations center sends a probe signal

during a subsequent systemwide time interval to determine the

location of that mobile unit. If the location of the mobile unit

indicates that a likely reason for the failure of the mobile unit

to receive the message is caused by inter-zonal interference, the

1 network operations center may simply retransmit the message during
the systemwide time interval. In other instances, the failure to

successfully deliver a message may be simply caused by the mobile

unit being located in a weak signal area.within a zone. In these
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instances, the system may retransmit the message during the zonal

time interval using an appropriate error correcting code or using

a stronger error correcting code.

Alternatively, the network operations center may determineI

i from the probe signal that the mobile unit is simply located in a

different zone than the zone that the message was first sent. In

!

ll .
this case, the network operations center preferably causes the

message to be retransmitted in the appropriate zone without again

using a portion of the valuable systemwide time interval.

In accordance with the invention, a preferred method 800 for

sending a probe signal is shown in Fig. 8. In step B02, a message

signal is transmitted by a base transmitter servicing a zone where

the mobile transceiver was.last known to be located. In

particular, this may be preferably an attempt by the network to

deliver a message to the mobile transceiver.

if the mobile transceiver does not indicate receipt of the

message signal from the base transmitter transmitted in step 802,

the network assumes that the mobile transceiver has not received

the message and transmits a probe signal by a plurality of base

transmitters servicing a plurality of zones in step 804. The

mobile transceiver receives the probe signal in step 805.

Upon receipt of the probe signal by the mobile transceiver,

the mobile transceiver transmits an acknowledgment signal in step

908. A base receiver receives the acknowledgment signal from the

mobile transceiver in step 810.

I
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Finally, the data, such as the last location field 2104 shownl

in user database 2100, is updated to reflect the zone of the base

receiver, or receivers, that receives the acknowledgment signal as‘

the last known location of the mobile transceiver in step 812.

4

!
C. The Multi—C rrier no u ion Trans is o Format

The base transmitters of the comunication system, such as

base transmitters 612 and 614 shown in Fig. 5, preferably utilize

a multi-carrier modulation format as will now he described. In

general, a mu1ti—carrier modulation format envisions the

frequencies within a desired frequency band, each individually

modulated to convey an information signal. The multi-carrier

modulation format advantageously allows for high data transfer

rates by providing good bit rate transmission rates while keeping

below the baud rate limitations of simulcast transmission

techniques. »

Fig. 9 shows a frequency representation 900 of an eight

carrier modulation format. Carrier frequency 902 is shown with

E
i
E

i
l
I

E

‘rJ

?
side hands

I

simultaneous transmission of several closely spaced carrier
‘side hands 904, carrier frequency 906 is shown with
90$, carrier frequency 910 is shown with side hands 912, carrier

frequency 913

is shown with side bands 929, carrier frequency 922 is shown with

side bands 924, carrier frequency 926 is shown with side hands

928, and carrier frequency 930 is shown with side bands 932.I

‘ frequency 914 is shown with side bands 916, carrier

i
E

_ 35 _
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It should be understood that although this exemplary figure

shows an eight carrier signal modulation format, other different

numbers of carrier frequencies may be considered for use in the

systems and methods of the present invention.

In this exemplary Embodiment, the carrier frequencies are

spaced 3 KHz apart within a desired frequency band of 50 KHz.

Dashed line skirts 534 and 936 represent minimum frequency roll

off levels, such as may be required by Federal Communication

Comission regulations, to prevent overlap interference into

adjacent frequency bands.

Because eight unique data streams may be modulated onto the

respective eight carrier signals in this embodiment, the data

transfer rate of the transmission from the base transmitters can

he greatly.increased, while keeping the baud rate within

acceptable ranges for simulcast transmission. It should also he

understood that in accordance with good simulcast practice, the

respective carrier frequencies between adjacent base transmitters,

such as base transmitter 612 and base transmitter 614 in Fig. 6.

should be slightly offset to prevent sustained nodes or ‘dead

spots" where destructive interference_between the signals from

each transmitter provides an unusable composite signal, as was

explained in the background section of this application. This

frequency offset is preferably on the order of 10-20 hertz.

As previously discussed, each carrier signal may be

individually modulated to convey a data stream. The following

will discuss alternative techniques for modulating a plurality of
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1 carriers in accordance with the systems and methods of the present;

invention.

E 1. Modulated Onfoff Keying

Perhaps the simplest modulation scheme conceptually is

5 modulated on/off keying (HOOK). Fig. 10 shows a schematic

representation of a HOOK modulator 1000. The HOOK modulator 1000

includes a plurality of carrier frequency generating devices, such

}as frequency generator 1002 generating frequency Fl, frequency

generator 1004 generating frequency F2, frequency generator 1005

10 generating frequency F3, frequency generator 1008 generating

frequency P4, and frequency generator 1010 generating frequency <

En. As shown in Fig. 10, the HOOK modulator 1000 may include any

number (i.e. n) of frequency generators, but eight carrier

frequencies are preferred, as shown in Pig. 9:

15 The output from each of the carrier frequency generators 102, 
! 104, 105, 108, and 1.10 is applied to a plurality of respective
' switches SW1 512, swz B14, am 315, sm 919, and swn 320. The

output from each switch is provided to a combiner 1022.

Each of the switches SW1 812, SW2 314, SW3 B16, SW4 B13, and

20 Swn B20 opens and closes under the control of a control logic

system [not shown) to effect the HOOK modulation. The control

logic system (not shown) causes the desired switches to variously

close and open, thereby conveying an n-bit binary word. Each

carrier frequency transmits a binary "one" if the respective

25 switch is closed and a binary "zero" if the respective switch is
Laud 9'->:(I E I

F:u.\IEcAv-:.Hmnn.soN up 11'E.«Macmr_ Gnanerr
& Dunner.

IJDE I l'9IEEl, M in

if MIMQPON, DC IDGDS
IE! not 4003
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The sumer 1022 combines the modulated carrier frequencies to:

provide a multi-carrier modulated output signal that conveys an

n-bit binary word.

2. Binary Frequency Shift Keying Modulation

An alternative mu1ti«carrie: modulation scheme including

frequency shift keying [FSK) techniques may be implemented by the-E

kmodulator shown in Fig. 11. A frequency shift keying modulator
1l0O.includes a first frequency source 1102, a second frequency

source 1108, and an nth frequency source 1110. The output from

F

I source 1104, a third frequency source 1106, a fourth frequency
each frequency source is provided to a respective modulator 1112,

1114, 1116, 1118, and 1120.

A control logic system-(not shown) provides a frequency

control signal to each modulator to frequency shift modulate the

carrier frequencies. In particular, the control logic system (not

shown) provides frequency control signal 1 to modulator 1112,

frequency control signal 2 to modulator 1114; frequency control

signal 3 to modulator 1116, frequency signal 4 to modulator 1113,

and frequency control signal n to modulator 1120. In binary

frequency shift keying (BFSK), the respective frequency control

signals provide data corresponding to a binary "one" or "zero"

which causes the respective modulators to modulate a first or

second frequency onto the carrier signal.

A summer 1122 combines the modulated carrier frequencies to

produce an output signal.
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i _3. M'a Fr uenc Shift Ke in odulat'on

A modulation scheme related to binary frequency shift keying

is M'ary frequency shift keying. H'ary frequency shift keying

I modulates three or more different frequencies onto the respective
5 icarrier signals. In quaternary frequency shift keying, for

example, two bits of information may he instantaneously conveyed

on a single carrier frequency. Similarly, B‘ery frequency shift

keying may instantaneously convey three hits of information perI

Nicarrier frequency.
10 Referring again to Fig. 11, M'ary frequency shift keying may

lbe implemented by providing modulators 1112, 1114, 1116, 1113, and
[1120 with the capability to modulate M different frequencies onto

the carrier signal. Accordingly, the various frequency control

tlsignals must provide data indicating which of the M frequencies is

15 ’ito be modulated onto the carrier signal. For example, in
ldquaternary frequency shift keying, the frequency control signalsI

[must each include two hits of information to indicate which of the 
Il

four different frequencies are to be modulated onto the carrier

_ }frequency.

20 ‘ The sumer I122 combines the modulated carrier frequencies to

 produce an output signal.

4. Quadrature Amglitude gglti-Qarrier Modulation

Yet another alternative modulation technique for a

=mn1ti—carrier transmission format is shown in Fig. 12. A

25 quadrature modulator 1200 includes a first quadrature carrier
 L.“ ..»=.,

F:.\I.~::cm-I. HENDEMON
Hauowxhnnnw -

sewum - third quadrature carrier generator 1206, and a fourth quadrature‘J00 I !T3E'.'|'. nl. vn
w!!!-HIIDTOHI. DE. EODDI
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generator 1202, a second quadrature carrier generator 1204, a
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carrier generator 1208. As is well known} quadrature modulators

in general each produce an in—phase carrier signal and a

quadrature carrier signal that is +/- 90° out of phase with

reference to the in-phase signal. of course, any number of

quadrature carrier generators could be envisioned, depending upon

data transfer and throughput needs. Fig. 12 shows four quadrature

carrier generations which effectively correspond to eight unique

modulator signals. Therefore, quadrature amplitude mu1ti—carrier

modulation may preferably reduce the width of the frequency band

necessary to achieve a desired data transfer rate.

| Each quadrature carrier generator 1202, 1204, 1205, and 1208
receives a control signal from a control logic system {not shown]

which provides the data to be modulated onto the quadrature

carrier signals. In a simple implementation, the quadrature

carrier generators may amplitude modulate the in—phase and

quadrature phase output signals to convey two bits of information.

The in—phase and quadrature signals output from each quadrature

carrier generators 1202, 120%, 1206, and 1203 are provided to a

l summer 1210 which combines the signals to produce an output
signal.

5. Permutation Frequency fihift Keying (PFSK)¥

PFSK may be implemented through control logic systems similar

to that used in a HOOK or an M'ary FSK modulation scheme. In

iPFSK, every baud has a fixed number of carrier signals present,

preferably any 4 of the possible 8. In a PFSK arrangement, a

constant average transmitter power is advantageously delivered and

the receiver only need decide which 4 carrier frequencies contain

:~:m. ;- 3= -
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the most energy. In the case of MDOK, the receiver must attempt

to determine on a subchannel-by-subchannel basis the presence or

absence of a signal. This aspect of PPSK may simplify mobile

receiver design.

Compared to a binary or M'sry FSK modulation schemes, a

‘ higher number of bits may_be delivered per band with PFSK. For

example, PPSK may generate signals that independent FSK

subchannels could never generate, such as all four carriers being

the four highest frequencies, and therefore it can be seen that

PFSK may advantageously increase information transfer rates.

D. the Base Transmitter

Each base transmitter unit, such as base transmitter 612 or

514 shown in Fig. 5, receives transmitter control data and message

data transmitted from the satellite 605. Fig. 13 shows a first

preferred embodiment of a base transmitter 1300 in accordance with

 the present invention. The base transmitter 1300 receives data

from the satellite downlink connected to data input 1302 which

provides this data to a control logic system 1304 to control the

[operation of the base transmitter unit. The control logic 1304

provides a control signal to a plurality of modulators 1306, 1300,

1310, 1312, and 1314. modulator 1306 produces a carrier signal

F1, modulator 1308 produces a carrier signal F2, modulator 1310

produces a carrier signal F3, modulator 1312 produces a carrier

signal F4, and modulator 1314 produces a carrier signal Fn.

For example, the control logic may generate appropriate

control signals to modulate the carrier signals in a Moon, BFSK,

M'ary FSK, PEEK, or quadrature amplitude modulation scheme, as
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1 previously discussed. Each modulator then provides the modulated

output signal to a combiner 1316 which combines each of the

several modulated carrier frequencies into a single output signal.

The single signal is then applied to a power amplifier 1318

5 'ito amplify this signal to an appropriate level. The power

amplifier 1310 may, for example, produce a nominal output signal

of 350 watts to antenna 1320. in this embodiment, power amplifier

1318.preferably has extremely linear characteristics to prevent

‘formation of intermodulation products, and to insure that these

10 intermodulation products do not cause signals to be generated at

llundesirable frequencies. Antenna 1320 broadcasts the desired
1 signal from power amplifier 1318.

Fig. 14 shows a second preferred embodiment of a base

1 transmitter unit. The second embodiment comprises a baseI
15 Itransmitter 1400 which includes a satellite downlink connected to

%idata input 1402, control logic 1404, and several modulators 1406,
1408, 1410, 1412, and 1414. Each modulator receives an

E appropriate_control signal from the control logic 1404, as
previously discussed with respect to base transmitter 1300.

 
20 The output from each of modulators 1406, 1403, 1410, 1412,

and 1414 in base transmitter 1400 is provided to respective power

amplifiers 1416, 1418, 1420, 1422, and 1424 to provide an

 appropriate power output level for transmission,'such as 350 watts

aggregate.
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The output from each of power amplifiers 1415, 1618, 1420,

1422, and 1424 is provided to combiner 1426 to combine the

modulated carrier signals into a single output signal which is

provided to antenna 1428 for broadcast.

ghe Mobile Qnit

The mobile unit may be a small. portable mobile transceiver,

B.

such as pictorially represented in Fig. 16. Referring now to

Fig. l5, the mobile transceiver 1500 shown therein includes a

receiver section for receiving signals from the base transmitters

of the system, and a transmitter section for transmitting replies,_

or other messages, to the base receivers of the system.

In particular, the mobile transceiver 1500 includes an

to switch the antenna between the transmit and receive sections ofI

the mobile transceiver 1500. A receiver 1506 is provided to

receive the messages from the base transmitter. of course, the

receiver must be appropriately designed to receive the

multi—oarrier signals from the base transmitters and must be

appropriately designed to demodulate the particular modulation

scheme utilized. For example, appropriate analog filters and

appropriate demodulators could be used. In the preferred

embodiment, the receiver performs a transform, such as a fast

fourier transform, on the received signal to separate the data

from the various carriers in the mu1ti—carrier modulation format.

The receiver 1505 is connected to a display and storage logic

section 1508 to process the received signal. An annunciator 1510

I

antenna 1502 which is connected to a transmit/receive switch 1504

to alert the user that a message has been received is connected to
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The

and controlled by the display and storage logic 1508.

annunciator 1510 may comonly include a sound producing device

such as a beeper, or a vibrator, or a flashing light.

1 A set of display controls 1512 to control the display of the

i mobile transceiver 1500 is connected to the display and storage
3 logic 1503. A display 1514, preferably an LCD display, is also

connected to the display and storage logic 1508 to display

messages and various other information to the user.

Display and storage logic 1508 is connected to transmit-logic:

1518 sis connection 1526. Display and storage logic 1508 may

generate an autonomous acknowledge signal which causes the

transmitter 1520 to broadcast an appropriately modulated RF

signal. As previously discussed, it is desirable for the mobile

transceiver to transmit an acknowledge signal if the message was

properly received by the mobile unit. orralternatively to transmit

la negative acknowledge signal if the message was only partially
received. The negative acknowledge signal indicates that the

lnetwork operations center should rebroadcast the message to the
|mobi1e unit.

Preferably, the rebroadcast of the message to the mobile unit

should occur with an appropriate error correcting code which may

reception of the message. Of course, error correcting codes

should be used only when necessary because their use slows data

other

I

‘ be decoded by the mobile unit to insure complete and accurate
} transfer and increases the complexity of the mobile unit.

types of autonomous replies may also be useful, for example, to

indicate to the network operations center that the user has not
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.viewed the message even though the mobile unit properly received I

it, such as when the mobile transceiver is unattended by the user.%

A set of input switches 1516 is provided to allow the user toi

input a reply to a received message, or to otherwise generate a

imessage to be transmitted by the mobile transceiver. The input

lswitches are connected to transmit logic 1515 which decodes the"

to the transmitter 1520. The transmitter 1520 generates an

appropriately modulated RF signal to be broadcast by antenna 1502.

The mobile transceiver 1500 also preferably includes a noise |

detector 1522. The noise detector 1522 provides an output signal

upon sensing through antenna 1502 a threshold level signal. The

lsignal from the input switches 1516 to generate an output signal

noise detector 1522 provides an output signal to disable the
1

Noise detector 1522 preferably is set to detect

communication system and which are indicative of a condition when

transmissions by the mobile unit are undesirable. For example,

1

ilelectromagnetic signals which are generated externally to the
the noise detector 1522 could be designed to serve a threshold

level of noise at 400 Hz. When the user enters a comercial

aircraft, which commonly uses 400 hertz power supply; the receipt

of this noise by the noise detector 1522 would then disable the

transmit capability of the mobile transceiver 1500 during

operation of the aircraft to prevent any unnecessary or unwanted

interference with the operations of the aircraft by autonomous or

intentional transmissions by the mobile transceiver 1500.

'5-—~:
:
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The display and storage logic 1503 of the mobile transceiver

1500 further preferably includes a timing circuit [not shown]

which may be used to turn the receiver section 1506 on or off, asH

ildesired. The timing circuit [not shown) advantageously allows the
1
y mobile transceiver to "power down" during periods of time when

! 1

é%preferred comunication protocol, the receiver could simply power
ilup at the beginning of each cycle to receive data to determine if

messages are not anticipated to be transmitted. For example, in a 

‘ a message will be transmitted to that mobile transceiver during
that cycle or when information concerning message availability

I will be transmitted. If the mobile transceiver is to receive a

message, the timing circuit could power up at the appropriate time

to receive the message, and then power down after receipt. The

timing circuit, therefore, advantageously prolongs the battery

life of the mobile transceiver 1500. of course, it should be

' understood that the timing circuit could control the other

llelements of the mobile transceiver, such as the display 1514, and

the transmit logic 1518.I

la In an alternate implementation, the receiver 1506 may

ladaptively change its demodulation techniques to accommodate
various formats. For example, each zone may advantageously use a

different modulation format depending on message traffic levels,

and other considerations. In particular, the receiver may receive

a signal indicating the modulation scheme utilized in a given zone

via a modulation format message contained in an overhead portion

' of the data stream. The ‘demodulation of rest. wary rsx, PFSK, and

HOOK formats all begin with the determination of the energy levels

- 39 -
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detected at each of the carrier frequencies, and thus require

identical processing of the received RF energy. The logic (not

shown) in the receiver interprets the meaning of these measured

, energy levels based'upon the modulation scheme selected as

indicated by the received modulation format message. In this

manner simpler and more economical transmitters, with a decreased

, capacity for information transfer, can be used in zones that have

decreased traffic loads and more expensive, high-throughput

transmitters can be used only in those areas where they are
needed.

A pictorial representation of the mobile transceiver is shown

in Fig. 16. The mobile transceiver 1600 shown therein includes a

case 1602,-a pair of display control buttons 1604, a display 1606,

and a set of six reply buttons 1608, 1610, 1612, 1614, 1616, and

1518. as indicated previously, display 1606 is preferably an LCD

display and a set of display control buttons 1604 may be used to
scroll text up or down on the display 1606. The message “will you

be home for dinner?" is shown on display 1606.

The set of six reply buttons l6DB, 1610, 1612, 1614, 1616,

and 1618 provide a flexible system for user generated replies to

received messages. The display and storage logic 1508 provides

information immediately above each button indicating a possible

reply message by the user. In the simple example shown in

Fig. 16, the user may reply "yes," "no," or "7" to the message

1620 displayed on the screen 1606. The transmit logic 1518

generates an appropriate signal based upon which button the user
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1 presses. In this simple scenario, buttons 1614, 1616, and 1618

are unused .

In alternate applications, up to six possible reply messages

may be shown on the screen 1606. Of course, other particularized

5 applications may be envisioned for the reply feature of the mobile,

transceiver 1500. For example, if the user is a stockbroker, the

display 1606 could display the terms "buy," "sell," or “hold”

above the appropriate buttons. A variety of other applications

may be envisioned.

10 With the six button reply option provided by mobile

transceiver 1500, a three bit message may be transmitted by the

;mobile transceiver to the base receivers. The two remaining

states of the three bit message may be used by the transmit logic

1518 for the autonomous acknowledgment signal which indicates that

15 the message has been properly received, and for the autonomous

negative acknowledgment signal which indicates that the message

has not been completely or properly received.

Of course,.the mobile transceiver 1500 shown in Fig. 16 could

be configured differently to provide more or less reply buttons,

20 different display control buttons, and different display formats

as desired or needed by the user.

Further, the mobile transceiver 1500 could additionally

include a data output port [not shown) for connection to other

electronic devices of the user. For example, the mobile

25 transceiver could be connected through an output port to a laptop
Llun erneu

Fmxacnu. HERDHJCIN
FA1UllD\f-‘. CARIETT _

3DW*“ display the message on its screen, thereby obviating the need forI300 I $'H!:€T. M w.
was:-moron 2: EBCIDS
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or palmtop PC, or could be incorporated therein. The PC could
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the display 1605. and the keyboard could be used to generate any

appropriate reply messages from the user, thereby obviating need

for the reply buttons and allowing free form messages to be sent

by the mobile transceiver. a user selected reply would be
transferred to the mobile transceiver 1500 from the PC for

transmission to the base receiver.

Alternatively, the mobile transceiver could be connected to a_

voice data replay device, such as a speaker, thereby allowing the

user to receive messages from a voice mailbox. for example. of

course, a voice data generation device, such as a microphone,

could be connected to the mobile transceiver 1500 to allow the

user to reply to the voice mail message he has received or to

initiate voice data communication from the mobile transceiver to

the base receivers. Similarly, facsimile transmissions could be

supported.

An alternate embodiment of the mobile unit includes only

receive capabilities, but does not include any transmit

capabilities. Fig. 17 shows a mobile receiver 1700. The various

components of the mobile receiver generally correspond in

functionality to the similar elements shown in Fig. 15. Of

course, the mobile receiver 1700 cannot generate replies, which

includes user initiated replies, an autonomous acknowledgment

signals or negative acknowledgment signals, because of the lack of

transmit capability. Also, the location of this alternate

embodiment cannot be tracked by the network control center because

of the lack of transmit capability. Generally, because of these

reasons, the-mobile receiver 1100 embodiment of the mobile unit is

-X- 42 -
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less preferable than the mobile transceiver embodiment 1500.

Further, it should be appreciated that the mobile transceiver

embodiment may include circuitry for generating various autonomous

responses without interaction by the user.

F. The Base Receiver '

The base receivers of the present system receive the low

power output signal from the mobile transceiver unit. As is shown

iin Fig. 6, mobile receivers are dispersed throughout the

geographic service area. Base receivers need not be associated

with zonal boundaries per se, but will always be located to

service at least one zone, of course. A few base receivers may

During transmission of the return signal by the mobile

transceiver unit, it is possible that several base receivers could

receive this return signal. In this instance, the network

operations center 600 preferably selects the data from the base

I

I

j exist in the overlap region between zones.
l receiver with the highest received signal strength (i.e. the
i signal with the lowest probability of errors) to maximize the

likelihood of receiving accurate data. The signal strength

,approach is preferred and can be satisfactorily implemented if the

base receiver locations are carefully selected to insure adequate

signal strength reception from the mobile transceiver units and to

Alternately, the network operations center 600 could use "voting"‘ minimize the overlap between base receiver coverage areas.
_ techniques by comparing each data set from the several basei

receivers to arrive at the most likely return signal data using

conventional voting receiver technology.
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Pig. 10(3) shows a_first embodiment of an analog base

receiver. Analog receiver 1802 is connected to an antenna 1800.

The analog receiver 1802 simply receives the signal from the

antenna 1800 and removes the modulated waveform from the carrier

frequency and outputs this waveform in analog format to a regional;

demodulator 1804 via data path 1806. Data path 1806 is preferably:

a 4 K52 analog telephone channel.

‘The regional demodulator 1804 receive: signals from several

analog receivers included in several base receivers. Preferably,

the regional demodulator 1804 is located in the regional station,

such as regional station 650 shown in Fig. 6. The demodulated

signal from the regional demodulator 1004 is then transferred to

the regional processing circuitry IBUB, and then onto the network

operations center 600.

The analog receiver 1802 could generate identification data

to be transmitted with each received message so the network

operations center 600 can determine the source of each message

received. Alternatively, and preferably, dedicated comunication

paths are used for each base receiver and therefore, the source of

the message can be inferred from the communication path that is

activated.

Pig.‘lB[B) shows a digital base receiver embodiment which

includes an antenna 1800 attached to an analog receiver 1002. as

in the previously discussed embodiment, the analog receiver 1302

removes the modulated waveform from the carrier signal transmitted

by the mobile transceiver unit. The analog receiver 1802 outputs

the modulated waveform to a demodulator 1010 included in the base
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receiver. The demodulator 1810 produces a digital output signal

corresponding to the data stream transmitted by the mobile

‘ transceiver unit. The demodulator 1810 provides the digital

i;output signal to the regional processing circuitry 1803 in the
Ilregional station via data path 1812. Data path 1312 may be any

itconventional data path which can satisfactorily convey the digital

.%data from the demodulator 1810 to the regional processing center
!i1SO8. The regional processing circuitry 1808 then passes the data
VIto the network operations center 600.

Fig. 19 shows a digital base receiver including error

I

& correction and store and forward features. an antenna 1900 is
I
’ connected to an analog receiver IBD2 which is connected to a

I demodulator 1810, as previously described with reference to

iFig. 18(3).
l The demodulated digital signal is output fromI I

I demodulator 1810 to error correction circuitry 1905 which may

agperform error correction algorithms to insure the integrity of theiV

| 1
?5course, the error correction circuitry should decode and correct

return signal received from the mobile transceiver unit. Of

Eidata which have been compatibly encoded by the mobile transceiver.5 I

The error corrected data output from the error correction
I
I

! circuitry 1906 is provided to a store and forward circuit 1908.

convenient data transmission rate.

For example, in the present system it is likely that the

return signal traffic received by the base receiver will occur in

However, it
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is also likely that the average data transfer rate from the base

receivers is substantially lower than the instantaneous data

Eitransfer rate during traffic bursts. The store and forward

ficircuit 1900 may preferably act as a buffer to allow the return

;!signal data to be comunicated from the store and forward circuit
I 1908 to the regional processing circuitry 1808 at a lower (and

, less expensive] data transfer rate. Store and forward circuitI

I 1905 is, therefore, preferably connected to regional processing

Eicircuitry 1308 via data path 1910 which may include a low cost
E telephone line.

:1 G. The Network operations CenterI

I
I
II

I
I

1. Overview

The network operations center 600 is shown in schematic form

‘.in Fig. 20. The network operations center 600 includes a base

receiver input system 2000 which receives data from the variousa

' regional stations throughout the system {e.g., regional stations

i_644 and 550) via various data paths, such as data paths 656 and

I*658 as shown in Fig. 6.

1 input system 2000 includes reply data from users with various

The data received by the base receiver

Econtrol data.
Ease receiver input system 2000 may include

appropriate conventional signal processing equipment. Control

I data may include data identifying the base receiver {i.e. location
of the mobile unit] which received the associated reply.

Preferably, the base receiver input section 2000 receives data

!'from the regional stations via phone lines. However, other

' appropriate data paths may be considered.

I;
I

I f7‘v” ‘
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The base receiver input system 2000 then provides the

received data to a central computer 2002. The central computer

2002 may also receive input from a user input system 2004. ForI

I :

niexample, the user input system 2004 may receive data from users
-‘via phone lines who may access and interact with the central, ‘I
H
I-computer via voice, DTMF, or modem transmission and may include

appropriate conventional signal processing equipment. A user may

interact with the central computer 2002 to modify his service, to

5 initiate or receive messages, or to perform other desirable

5 functions.

Generally, the central computer 2002 processes the data

I received from the base receiver input system 2000 and from the

I user input system 2004 to_perform various operations on the data,

,.to update various database entries for use by the central computer

2002, and to generate data for transmission to a satellite uplink

output system 2006.

; It should be understood that, although Fig. 20 shows the

central computer as existing at a single location in the network

I operations center 600, a distributed computing system may be used

to perform the necessary functionality of the central computer

2002. Presently, however, a single location for the central

computer 2002 is preferred.

Satellite uplink output system 2006 receives data from the
I

I
icentral computer 2002 and provides it to satellite 606, shown in

In

I
I

I

g. 6, for transmission to base transmitters within the system

(e.g., base transmitters 612 and 614 in Fig. 6}.

_ 47 _
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The central computer 2002 is also connected to a database

system 2008 which stores various data such as message data; user'.

status data, system status data, and message status data, for

iJ

I

I
1I

;example, for use by the central computer 2002 in processing.

I Also. a control access 2010 is provided to allow systems

_'engineers or programmers to access the central computer 2002 to

5observe and modify its operations and system performance.

2. Database structure

The database 2008 of the network operations center includes

' several database structures necessary for the operation of the

system. while a preferred partitioning of these databases is

described below, it should be unherstood that other partitionings

could be considered, such as moving the various “user traffic"

1 fields from the traffic statistics database to the user database.

a. The User Database

For example, the user database structure shown in Fig. 21

includes a record for each user of the system who possesses a

mobile unit. The record for user 1 2100 includes various fields,

such as an ID number field 2102 which indicates a unique number

1 associated with that particular user. The transmit capability
ffield 2106 indicates whether the mobile unit assigned to the userF

|ihas the capability to transmit. The last location'field 2104:

J-includes data which indicates the last known location of the user.

E The last location field may be updated when the central computer

; ecognizes that a new base receiver has received a return signal
r

from the mobile unit, thereby indicating the mobile unit has moved

since the last return signal. Of course, if the mobile unit only1

i
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includes a mobile receiver without transmit capability, the last

location field 2104 cannot be updated and the mobile unit may be

;!given a default location.
1
: The service area field 2103 includes data corresponding to

githe area in which the user has subscribed to. For example, if a

'Euser desires service in geographic areas less than the total. I

iésystem service area, the central computer could use the data in
éjthe service area field 2108 to cause only selected base
H '

transmitters to attempt to transmit messages to a mobile unit.

~ The button format field 2110 includes data indicating the

‘format of reply buttons the user may access on the mobile

ltransceiver. or course, for mobile units with only receivel

lcapabilities. the button format field will not be used.\

i\
ln\

i!

The message field 2112 includes data representing one or more

I
1
Ix1

1
1

1

w1
1
x
i
1
‘messages which are intended for the user. A receive flag is set

[ when the central computer has received data indicating that the

message has been received by the mobile unit via an acknowledgment

I signal. If the mobile unit does not have transmit capability, the

I receive flag is set upon transmission of the message by the

'=appropriate base transmitters. The user database structure may

include other fields for each user of the communication system of

l the present invention as needed to provide various desired

5,services.
4

_ b. The Receiver Database

Database 2DD8 of Fig. 20 includes a receiver database (not

own shown) which includes an entry with several associated fields forI
Fmuuow. G.-.ru1:rr I:3 DUNNER.
moo : I.-uacv N N. Fleach base receiver in the system. A first field for each base

wan»-mom» tn: mucus -'
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receiver preferably includes the total number of mobile units

which have last communicated with this receiver. A second field

E

E
1
4.

.fcr each base receiver preferably includes a list of base
I
T transmitters which may cover all or a portion of the receiver.
H .
.,coverage area of that base receiver.I

i c. Traffic Statistics Database

Database 2008 of Fig. 20 should also include preferably a

éétraffic statistics database as sheen in Fig. 22 which includes

Eivarious fields containing statistics calculated by the central

':computer 2002 concerning traffic patterns for the system. ForI
-'t

;i

§+field 2202 for data indicating a user of the network.

example, the traffic database 2200 preferably includes a user

Several

Eifields are preferably associated with the user field 2202. Field
:|2204 includes data representing the number of probe signals sent

jaby the network to locate the mobile unit associated with the user
fjfield 2202. Field 2205 includes data representing the number of

'iregistration signals received by the network from the mobile unit1

ijassociated with the user field 2202.H

;;representing the number of messages from the network that have

Field 2208 includes data

been successfully delivered to the mobile unit associated with the

user field 2202. Field 2210 may be used for other traffic related

-Ldata, such as data indicating the average traffic per cycle, and

'data indicating a time average (i.e. for the last hour) traffic

Eamount.

Further, the traffic database 2200 could include fields (not

(shown) for data concerning overall system performance and, in

éiparticular, each zone in the network. Such area specific traffic
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data may be useful in optimizing system performance by allowing

Iintelligent redefinition of zonal boundaries.- n

The Service Queue

Database 2000 of Fig. 20 also includes a service queue 2300

d.

as shown in Fig. 20. The service queue 2300 includes a current

amessages queue and a probe list queue. The current messages queue

Egincludes a system wide list of messages to be delivered by the
H
iisystem. The current messages queue includes, for example, a

llseries of ID number fields 2302, 2304, and 2306 with associated
: I
''data location fields 2308, 2310, and 2312, respectively. The data

zfilocation fields 2308, 2310, and 2312 include pointers to the

"Fig. 21.' I

iindicating the ID number of the user to which the message is to be

t

P

E'appropriate fields in the user database structure shown in

E The ID number fields 2302, 2304, and 2305 include data

b

iidelivered.

ii In operation, the central computer retrieves the ID number

;'2302 and data location 2308 from the top of the current messages

:;queue and retrieves the appropriate data from the user database
2100 to process and transmit a message to the user.

i

1 The probe list queue includes a ID number fields 2314, 2316,I
1

and 2318 and data location fields 2320, 2322, and 2324 similar in

“form to those in the current messages queue. The probe list queue

In other words, the users

F
I

§ unsuccessfully to deliver a message to.r

=5

j
»icontains a list of users which the system has previously attemptedfl

iiI

%’lieted in the probe list are considered to be "lost" hy the

system. The central computer 2002 then initiates a probe routine

 

1223
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for the ID number 2314 and data location 2320 located at the top

of the_probe list-

‘ After successful execution of the probe routine, the last
location field 230% in the user database structure 2100 will have

=:been updated to provide an accurate last location of the user from

the base receiver that received the mobile unit's acknowledgment

Ito the probe signal. After the last location field 2304 has been

.'updated. the message can then be replaced in the current messages

queue for delivery to the user via the appropriate baseA .
! transmitters located near the mobile unit.

Preferably, the network_operations center gives priority to

the delivery of all messages in the current message queue, and

'then sends probe signals to the users listed in the probe list

queue after delivery has been attempted for all messages in the

5_current message queue. If the message volume in the current

message queue remains high for an extended period of time, the

network operations center preferably begins to periodically send

iprohe signals to the users listed in the Probe List, even though

undelivered messages remain in the current messages queue. For

example, in this instance of persistent filled current messages

:l
1!r

Ii
Faqueue, the network operation center preferably transmits three

probe signals in every cycle transmitted.

e. Base Transmitter Assignment List

The database 2008 of the network operations center also

includes a base transmitter database 2400 as shown in Fig. 24.

The base transmitter database 2400 includes a zonal assignment

field 2404 for data representing a zone assignment associated with

124
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Also, a field 2406I a base transmitter field 2402 in the system.

i for data representing the base receivers in the transmitter
coverage area, and a field 2403 for other data associated with a

gbase transmitter, are associated with base transmitter field 2402.

“As can be seen in Fig. 24, each base transmitter in the network

I has a base transmitter field and associated fields as described
‘above.

:;of message traffic being transmitted. each base transmitter will

-jmethods of the present invention provide for dynamically changing

In normal operating conditions of the system with low amounts

remain assigned to its particular zone. However, the systems and

Ilthe zonal assignments of various base transmitters to improveI I -

I These dynamic zone allocation conceptsIginformation throughput.
I I
.,d

I

In

ynamically reassign base transmitters to new zones generally

ased upon the volume of messages transmitted during the

iIs stemwide time interval, and more particularly based u on the., Y P

'!localized volume of messages to mobile units. In general, dynamic

zone allocation may be used to deliver messages to mobile units in

.:Dverlap areas {i.e. "zonal dithering”), or to balance the Volume

. of message traffic between zones.
L

Fig. 25 is useful to explain these concepts. Various base

transmitters, each designated as an "X," are dispersed throughout

:3 region of space shown in Fig. 25. also, various base receiversi

rgare dispersed throughout this region of space 2500, each being
I
I {designated by an "R." The normal zonal boundary for zone 1 in

§Fig. 25 is shown by solid line 2502. A normal boundary for zone 2

is represented by solid line 2504 during normal load trafficI

I
I

I

I
I
I

1255
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operation conditions. As can be seen, base transmitters 2506,

2503, and 2510 are located near the zonal boundary of zone 2, and

Lgbase transmitters 2512, 2514. and 2516 are located near the

glboundary of zone 1. Base receivers 2518 and 2520 are located in

: As previously

I discussed, mobile units located in this overlap area 2521 near

‘ base receivers 2513 and 2520 must be communicated with during the
Elsystemwide time interval because of the interference created

:during the zonal time interval by adjacent base transmitters.

i, During normal. low to moderate volume system operations, the

Eizonal overlap area 2521. i.e., interference area, near base
Egreceivers 2518 and 2520 will preferably have a small number ofi

1
imobile units located therein. Therefore, communication with these

imobile units will not significantly consume system resources by

occasionally comunicating with them during the systemwide time

interval.

However, if the traffic volume from the overlap area 2521

additional mobile units enter this overlap area 2521, the handling

!

1

iinear base receivers 2518 and 2520 increases, such as because
i
iof this traffic in the systemwide time interval can significantly
consume system resources. For example, communication with a large

number of mobile units during the systemwide time interval may

' significantly delay delivery of messages to units in this and

J other regions.

In this instance, the zonal boundaries are changed to remove
i

. this high traffic region from m zonal overlap area. For example.

system efficiency is restored if the zone 1 boundary were moved to

‘-54-
L' ) 5

l
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dashed line 2522 and the zone 2 boundary were moved to dashed line

i 2524. _
I The central computer 2092 may dynamically accomplish this

§.zona1 redefinition by assigning one or more base transmitters to a

iinew zone to reduce systemwide time interval messages. In the

II

l I

llpresent example shown in Fig. 25, the central computer updates the
i base transmitter sonal assignment list to reassign base
Iltransmitters 2512, 2514, and 2516 to zone 2 while removing these
I

base transmitters from zone 1. In View of this zonal

redefinition, the new zone 1 boundary is shown by dashed line

, 2522, and the new zone 2 boundary is shown by dashed line 2524.

j The high traffic region near base receivers 2518 and 2520 is now

1
1

E :
{'squarely within zone 2 and messages to these units may be 

: efficiently delivered during subsequent zonal time interva1{s].

In accordance with the invention, a preferred method 2600 for

laccomplishing zonal redefinition is shown in Fig. 26. In
iaccordance with the method, step 2602 provides for transmitting
substantially simultaneously a first information signal and a

second information signal, the first information signal being

:

i
l
\
\

i
4
I

I
"I
ll

transmitted in simulcast by a first set of base transmitters

assigned to a first zone, and the second information signal being

1 transmitted in simulcast by a second set of base transmitters

assigned to a second zone. For example, as shown in Fig. 25, the

base transmitters in zone 1 defined by boundary line 2502 could be

the first set of base transmitters, and the base transmitters

I located in zone 2 defined by boundary line 2504 could be the

second set of base transmitters.

(g; (X. 55 —

127



128

10

15

20

25
LAC urn: cu

Fuwec.-\r#. Hewnsltsox
finunow. CmRaE1"‘|'

En DUNNEF.
1390 I I'rl(I.‘. N W

-i\-ll.-Iuolllot-I DE 10003
wins so] some

30

 

Step 2604 of the method provides for dynamically reassigning

one or more of the base transmitters in the first set of base

lupdated first set of base transmitters and an updated second set

«lof base transmitters.
!
; and 2516 could be reassigned from zone 1 to zone 2.I

E transmitters assigned to the first some to the second set of base
I

transmitters assigned to the second zone, thereby creating an

For example, base transmitters 2512, 2514,

As shown in

Step 3606 provides transmitting substantially simultaneously

1 a third information signal and a'fourth information signal. the

i updated first set of base transmitters and the fourth information

signal being transmitted in simulcast by the updated.second set of

base transmitters. For example, as shown in Fig. 25, the base

I

1
l
u

l

{'third information signal being transmitted in simulcast by the
\
P
1F

l
E

: transmitters assigned to zone 1 defined by dashed line 2522 (11.2.

P not including base transmitters 2512, 2514, and 2516) could

transmit during a subsequent communication cycle a third

information signal, and base transmitters in zone 2 defined by

’ 2516) could transmit a fourth information signal during that same

. subsequent communication cycle.

l dashed line 2524 (i.e. including base transmitters 2512, 2514, and
.'

! Further, it is desirable that during the redefinition of the
I

"I L

_*{

56
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boundaries should be preferably redefined to maximize information

throughput by minimizing the data that must be transferred during

Ethe systemwide time interval. A network manager could review the

overall traffic patterns and tendencies to determine an optimum

l
1
‘L

1redefinition of zonal boundaries.1 Of course, the central computer

:J20D2 could also implement an algorithm accessing the traffic
2!
1|

! redefinition.E

statistics database 2200 to determine optimal zonal boundary

In a preferred embodiment in the instance where an entire

region is saturated with mobile units, such as a large

metropolitan area repetitive reassignments of base transmitters

may be used to reduce message traffics during the systemwide time

iinterval. There may exist no appropriate overlap area, such as

overlap area 2525, with a low traffic level to facilitate a long

jlterm reassignment of base transmitters with the resulting
A . . . .
|1redefinition of zonal boundaries.w ,

embodiment alternates between a first and second set of zonal

In this case, the preferred

boundaries over each communication cycle and does not attempt to

deliver messages during the systemwide time interval.

For example, in Fig. 25 this preferred embodiment would

iI

‘i
J’

I

I utilize the zonal boundaries defined by lines 2502 and 2504 duringI

= a first zonal time interval and would not attempt to deliver

messages to mobile units in overlap area 2521. In a subsequent

I

5
1

i cycle, this preferred embodiment redefines the zonal boundaries to

E dashed lines 2522 and 2524 and delivers messages to the mobileI
units in previous overlap area 2521 during the zonal time interval

_ using zone 2 base transmitters. During this cycle, the network

1 ,: ‘ K
.' i _ _
I .
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would not attempt to deliver messages to mobile units in overlap

area 2525. In yet a later cycle, this preferred mbodiment wouldI

iiswitch back to zonal boundaries 2502 and 2504 which would allow_
::message delivery to mobile units in the now previous overlap area
.l2525 during the zonal time interval using zone 1 base

.-transmitters.J

fisecond set of zonal boundaries advantageously reduces the need for

As can be seen, alternating between a first and

comunicetion during the systemwide time interval, but slows‘V

iémessage delivery somewhat by only allowing comunication to mobile. I '-.‘,,_F

units in overlap areas during zonal time intervals on alternating

'communication cycles.

The Preferred System Communication Protocoli H.I ,

I The system communication protocol is preferably a time

i:division protocol organized within repetitive communication cycles

I of preferably 30 seconds in duration..'I

‘i:i
;iformed by a bit interleaving process to prevent loss of dataL

géduring bursts of interference. Bit interleaving may be envisioned

The blocks of data transmitted by the network are preferably

5 I

[Fae stacking two or more blocks of data (which read from left to

i'right), and then transmitting a bit stream in a column-by-column,
r1
I

top-to-bottom sequence. as can be seen, a burst of interference

will likely only cause the loss of a few bits per word at most,

which can be corrected by error correction techniques, rather than

the loss of entire words. Of course, the mobile unit must

appropriately deinterleave the data prior to processing.
I
I
I
i

1

‘f- 58 -

iI
iI

i
I

i
I
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1 Fig. 27 generally illustrates a variety of preferred time

! intervals which may variously be'used for comunication between

.the system and various sets and subsets of mobile units. An

adaptable schedule for these time intervals is preferably

generated, and may be revised according to system demands. The

‘scheduling of the time intervals advantageously allows a mobile

unit to “power down“ during inactive time periods when the mobile

I

E

E
I

i
J
3
1

J

‘ unit will not transmit or receive any messages, thereby conserving

II

y

E battery power. Similarly, messages or information for delivery toI .
I10 a subset of the total number of mobile units will preferably be

transmitted during time intervals which minimize the delivery of

those messages or information to unintended mobile units not

rincluded in the subset to further conserve battery power.

A preferred cycle protocol 2700 is shown in Figure 27(A).i

15 lfirhe cycle protocol $700 includes a cycle header time interval

32702, a systemwide forward (FWD) hatch time interval 2704, a

{lsystemwide response time interval 2706, a zonal forward (FWD)

1 batch time interval 2703, a zonal reverse time interval 2710, and

i a reverse contention time interval 2?12t_ other arrangements, such

20 j:as moving the systemwide reverse interval next to the zonal
i reverse interval may be considered if transmitter turn on time is.

fsignificant.

The cycle protocol generally schedules time slots for

systemwide and zonal forward channel information transfer from the

25 ; network to the mobile units and for systemwide and tonal reverse

channel information transfer from the mobile transceiver units to
Law on: an

nuNecax,HeMoEnsow

F.«n.Aao\:'. Gnuarr I Ieowum lithe network. ‘Briefly, the cycle header 2702 field includes

«;::::;:.t:::;-:s;. ;;x IO! ‘-39 noon

30 1.! .- J.-'— 59 -
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1 overhead or "housekeeping" information, the systemwide forward

é'batch field 270é and the zonal forward batch field 2703 provide

Liforward communication capability through the base transmitters to.1
1:"

 he mobile units in a systemwide time interval and a zonal time

iinterval, respectively. The systemwide response field 2706 and

izonal reverse field 2710 provide a return signal period for the

';mobile transceivers to respond to messages generated during the

Fsystemwide and zonal forward batch periods 2504 and 2508,

Lirespectively. Finally, the reverse contention 2?l2 field allows

-?the mobile transceiver to initiate access to the network.

Each of the fields shown, except the cycle header 2702 field,

liis preferably variable in duration, and may be changed by the

.icentra1 computer 2002, depending on message traffic requirements.

The beginning of the cycle is synchronized by the central computer

}:to a time standard and preferably coincides with the start of

‘lminute or half minute intervals. Each mobile unit preferably

_[inc1uaes timing circuitry, as previously described, which allows

igfor the mobile unit to power up at the beginning of each cycle to

jireceive communication.

For each cycle. the central computer 2002 calculates theH

lgamount of time required for each field to maximize information

throughput by the network. For example, for the cycle protocol

- 2700 shown in Pig. 27[A], the central computer will calculate the

} amount of time necessary for the systemwide forward batch field

?§2704, the systemwide response interval 2706, the zonal forward

interval 2768, the zonal reverse interval 2?1fl, and the reverse
3

iécontention interval 2712. The cycle header 2702 will preferably

(/_I- so-

. II
n

J
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ginterval 2708, the beginning of the zonal reverse interval 2710,

:;and the beginning of the reverse contention interval 2712.
LII

The cycle header 2702 starts preferably with an B digit long3
H

ifpreamble [not shown] for digit synchronization purposes. The
I

licircuitry with the network. For example, the timing circuitry of4

10 ,§the mobile unit could become offset from the network due to_

hiconuuonly caused inaccuracies. The preamble is followed by a
'!"start of header“ string of four digits and all timing offsets

Fgwithin the cycle are calculated as a number of predefined
intervals beginning from the start of the last header digit. The

15 start of header string is followed by an 8 digit string grouped

giintc two words, each of which is protected against errors by

lfenccding it using a forward error correcting code, preferably a

liaose, Chaudhuri, and Hocguenghem (BCB) code or a Reed Solomon

élcode. These error correcting codes add additional digits to the

2D ' iéinformation digits in a code word, where the additional digits are
age specific function of the information digits, so that if certain
flcommon error events occur, a decoding step involving all of the1| .

g§transmitted digits, both information and additional, can recover

Eithe original information digits. The first code word will contain

25 :53 count of the current cycles executed for that day. The secondu

HNNE;1';_°’;,:;;'ms°HT: code word will contain the necessary timing offsets for the
F-uh-mow. C..-umE1"r r '-£1 Dom.-tr. -.:
woo tS"‘H£='r_m w El

w\I§rI|IdU*O|l. DC 1090!
.

beginning of the time intervals in the cycle protocol 2700.
I103 ROI-I003

30 £1 if. i- 51 -
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‘I
Further information regarding error correcting codes may he found

in Gallagher, "Information Theory and Reliable Communication,"

i-Wiley 1963, which is hereby incorporated by reference.
»\I, The systemwide forward batch 2704 field generally includes au

fzonal header time interval including overhead information and a
5
giseries of 64 batches. Also, the zonal forward interval 2710

ifisimilarly includes a zonal header time interval with overhead>

information and a series of 64 batches. Each batch is a string of

 
l

J

1 data containing information specifically directed to a single
i‘group of mobile units. Each batch preferably contains information

! directed to a certain class of mobile units with the classes

' divided by the types of service provided. For example, a first

batch could be directed to all mobile transceiver units, and a

second batch could be directed to all mobile receiver units.

ilfurther, each batch may contain several messages, each intended

E for different mobile units within the particular class of unit to

which that batch is directed. Generally, Fig. 27(3) shows the

forward batch interval protocol 2150 preferred for both the

_ systemwide forward interval 2704 and the zonal forward interval

2703.

The systemwide forward interval 27Dd is preferably used only

for sending a probe signal to a mobile transceiver unit which does

: not respond to zonal messages (i.e. a "lost" unit}. However, when

I necessary, the systemwide forward interval 2704 may be used.toI

. deliver messages to mobile units'1ocated in overlap areas. The ID I
number, or address, of the lost mobile unit is preferably followed

ihy data indicating a timing offset which is a time delay amount
I

.
2|’
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until the beginning of the time slot designated for the return

signal of that mobile unit. an alternative implementation, which

_may be useful for mobile units that have not responded for aW

:iperiod of time, could have mobile units that have received a probe
Zsignal respond during the reverse contention interval.I

'fi After the end of the broadcast on the systemwide forward
-I

_fbatch time interval 2104, all network base transmitters shut down
= until-the beginning of the zonal forward batch time interval 2108.

ii The forward batch interval protocol 2750 includes a forward
:{channel header interval 2?l4 which includes data to allow the5 E

!!timing circuitry of the mobile units to synchronize themselves

*iwith the incoming data stream. The forward channel header 2714

i also preferably includes data indicating a timing offsetI

[;scheduling a reverse channel time interval for each batch, as may

.be required. Of course, the forward channel header 2714 for the

'isystemwide forward interval 2704 would indicate a timing offset

iifor reverse channel transmission during the systemwide response

;}interval 2106, and the forward channel header 2114 for the zonal

The forward channel header 2714 further includes a data

stream to the mobile unit listing which of the 64 batches will

.follow and the timing offsets indicating when those batches will

' be transmitted.

li

igforward intervals 2704 and 2708 until the appropriate time for

Again, this feature advantageously allows the

mobile unit to "power down" during the systemwide and zonal

receiving its hatch information, thereby conserving the battery

135
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power of the mobile unit. The remaining fields batch i 2720,

batch j 2722, and batch k 2724 are the individual batches directed

i to the mobile units;

It should be understood that different classes of mobile

jgunits can follow different desirable batch protocols, depending on

Tithe type of service, processing power, battery capacity, or other
lifactors.

j The individual batch protocol 2780 is shown in Fig. 27(C].
I

discussed above for Figs. 27(A) and (B). The batch header 2726

includes a list of particular mobile units to receive messages

within the batch and includes timing offsets indicating when such

messages will be broadcast. _Further, the batch header 2726

includes data indicating a timing offset scheduling a reverse

channel interval in the system reverse interval, the zonal reverse

Again, this information allows the mobile unit to extend its

battery life because the mobile unit need only power up at the

appropriate time to.receive or transmit the appropriate message.H-4

iiFurther, it is preferred that the reverse channel timing offset

|'data be transmitted using error correction codes to insure

i accurate receipt thereof by the mobile unit. Accurate receipt of

;'the reverse channel timing offset data will prevent unwanted or

?.untimely transmissions by the mobile unit and insure that a mobile

[innit may properly transmit a negative acknowledgment signal if it

Aifails to properly receive an unencoded message.

:1?
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I

s'

1 I The individual message interval 2732 includes the individual

I message intended for a particular mobile unit or units. The
I

'|duration of each message and number of messages within a hatch may
I be varied by the network operations center 600 and is traffic

5 Idependent.

II
I

I

II Each mobile unit with transmit capability that has received a

iimessaqe in the immediately previous systemwide forward interval
IIETOQ or the zonal forward interval 2708 will have an appropriate
-Itime slot for transmission scheduled in the systemwide response

10 Ifiinterval 2706, or the zonal reverse interval 2710, respectively.
FIThe timing circuit in the mobile transceiver unit determines the
Igassigned time slot for transmission. For.examp1e} if the mobile

15 I H: HO5 r1‘ :7‘ m :1 {D r*S0 HH‘ 11- :1 on U‘ H- H '1': Hg’:- I'D H\ O 1- II-'§9- U‘*< rt 3' :1: anD-D. H11: In in C H:

tthat mobile unit need only be transmitted and a 3 bit
I

:Iacknowledgment. However, if a more extensive reply from the

lgmobile unit is required, additional data could be transferred
IIduring this time slot. In particular, long reverse messages could

20 . Iibe scheduled in response to a request from the mobile unit sent
Iiduring the contention interval 2712, as discussed hereafter.

I

I

3 Due to the low power transmit capability of the mobile
| I

I transceiver units, -there is an increased likelihood of dataI

transmission errors for reply signals. The extended Belay code

25 Ifor error protection may be utilized for reverse channel messages
.Aw Dense! 1.=:.-macaw. Henouuon

Fm.-mow, G.-uuurr
3 DUNNEII.4303 I ‘HTIEET. In W

was-‘moron. Dc zoona
3 U-to: non-anon

from mobile transceiver units to the network.
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i
I
1

1

The systemwide response interval 2706 and the zonal reverse

I interval ZTID provide comunication capability from the mobile

transceiver units to the network (i.e. the reverse channel).

Still further, a preferred embodiment accommodates mobile

1 terminals with extensive reverse message_generation capabilities

i
1

i

f

i
.
I1
|'

E

: channel time for the transmission of a long reverse message.

(e.g., a laptop computer connected to a radio transceiver} by

allowing for contention messages that request extended reverse
The

reverse contention interval 2712 is located after the zonal

reverse interval 2710 and provides for unscheduled messages from

the mobile unit to the network. For example, the mobile

transceiver unit could send a message to the network during the

I
I

ireverse contention interval 2112 indicating that the user noI .i
I_longer wishes to receive messages, thereby terminating service.

'Also, the user could transmit a message to the network during the

Ereverse contention interva1.2712 indicating that the user now

ldesires to reestablish services and begin receiving messages from

Ethe network. Further, a "registration signal," which is discussed

_infra, could be transmitted during the reverse contention interval

12712.

The reverse contention interval preferably utilizes a

[so-called "slotted ALOHA“ protocol, which allows the mobile unit
"to randomly select a predefined time slot within the contentionI

iinterval to transmit a message. A mobile station wanting to

' transmit will first divide the contention interval into slots,

ipreferably 5.33 ms in length, and then choose randomly any of theml
its start transmitting.1 The slotted ALOHA protocol is preferred

(Kg Zr 56 _
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"collisions" 2 or morebecause of the low likelihood of data [i.e.

mobile units transmitting during the same time slot).

Registration of the Mobile Unit
I
_1 I.

I Because the network operations center 600 stores the locationI

-.of each mobile unit in the system in the user database 2100, it is
I1

i

5

1

preferred that each mobile transceiver unit have the capability to

registration signal to a base receiver into the network to update

1

I

"register" with the network operations center 600 by sending a

the location data.

The mobile transceiver unit preferably registers by simply

transmitting its identification number to a base receiver, which

forwards this data and data representing the location of the base

receiver to the network operations center 600.

1 The mobile transceiver preferably registers upon crossing
: zonal boundaries to alert the network operation Center that theI

1 mobile transceiver has left one zone and entered another.
For

example, the mobile unit could receive information from the

. nearest base transmitter identifying which zone that base

transmitter is assigned to at the beginning'of each communication

cycle. Upon receipt of such information from a base transmitter

indicating that a nearby base transmitter is assigned to a new

zone, the mobile transceiver then preferably transmits a

registration signal.

The mobile transceiver unit may also transmit a registration

signal in other desirable instances. For example, if the mobile

transceiver unit has moved away from the transmitter coverage

areas of the network for a period of time, the mobile transceiver

(KW -67 -
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to a coverage area. The display and storage logic 1508 of the

1 N unit may preferably transmit a registration signal upon returning
l mobile transceiver unit preferably recognizes that the unit has

left the coverage area of the network upon failure to receive data

5 :.from a base transmitter in the network during the cycle header

_ time interval 2702, for example. The mobile unit may leave the

I coverage area of a base transmitter of the network when the user

takes the unit out of the country, or enters the basement of a

:building, for example.

in The mobile unit may also preferably transmit a registration

signal when power is restored to the mobile unit after having

|power removed, such as after being turned off by the user. of

course, the power may be restored to the unit by replacing orJ

} recharging a dead battery, which may also cause transmission of a

15
%

{registration signal.‘ I

l In general, the network must balance the need for frequent

1
1

iiregistrations by the mobile transceiver units, and the desirable
i[result of accurately knowing the location of each mobile unit,

lithereby preventing the need for probe signals, with the

20 %‘undesirable overhead costs of too frequent registration, which
!isacrifices data throughput by utilizing valuable transmit time.
Q‘ In the preferred embodiment, the central computer 2002 of the

25
unit HI’-E (I —

FnuN:cA.\I. HENDERSON
Faluaow. C.nIuI.:1'1' I _ _ _ _ _

éumwm §.computer determines that registration of a particular mobile unit

D

.
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I
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is useful, than the mobile unit preferably should receive a

message from the network to cause the mobile unit to send

registration signals at appropriate times. Conversely, if the

central computer determines that the registration signals from the

mobile unit are too frequently not useful, the mobile unit

preferably should receive a message from the network to cause the

mobile unit not to transmit registration signals.

To implement this feature, the mobile transceiver unit

further preferably includes a registration flag {not shown) in the

display and storage logic section 1503. If the registration flag

is set, the display and storage logic section 1508 causes the

mobile transceiver to autonomously send a registration signal to

the network operations center on a desired basis. If the

registration flag is not set, the display and storage logic

section 1508 prevents any registration signals from being sent.

The registration flag may he set or removed upon command from the

network operations center by transmission of an appropriate signal

from a base transmitter near the_mohi1e unit. A variety of

algorithms, possibly regarding individual users or groups of

users, can be used to determine whether or not the registration

flag should he set. It should be appreciated that the present

invention provides two distinct algorithms for'imp1eenting these

registration concepts depending upon whether the registration flag

is set or not in the mobile unit (i.e. the state of the mobile

unit).
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i

t Fig. 2B(A] shows a flow chart describing a preferred method
‘i
?;invention wherein the registration feature of the mobile unit is
':disabled. In step 2802, the network sends a message to disable
-:
jthe registration feature (i.e. set the registration flag to zero)

2000 for implementing the registration concepts of the_present

U!

I of the mobile unit to disable the mobile transceiver‘s capability

to transmit a registration signal. As can be seen, step 2302

€;determines the initial state for the method set forth in Fig.

28m)‘.

10 g: In step 2304, the network stores the number of probe signals
sent to the mobile transceiver during a first period of time, and

I

I!
w

‘gthe number of messages successfully delivered to the mobilei
I
I

E

15'

iipreferahly used to store the number of probe signals and

Eisnccessful messages for each mobile unit. As explained

Izhereinafter, these two statistics from the operation of the' \

network are preferably used to determine whether registration by
I
f

20 iithe mobile unit is useful.F

E! In step 2806. the stored number of probe signals and number1

iéof messages successfully delivered is processed to evaluate aH

|flikelihood that a probe signal will be required to be set by the

network to locate the mobile unit to deliver a message. The

25 zipreferred embodiment of the invention processes the stored number

mwnnmu .[of probe signals and messages successfully delivered in accordanceFma: £c.x:«'_ Hmomuou 9 .

"'";“°§,‘;;,‘fi,’;';“" fiwitn the method set forth in Fig. 299.).:30: I 31:55. M w _
waiunnsran, D: loans _|I-l5!~llfl M300

.?
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1

‘ Referring now to Fig. 29{h), therein is shown a.series of
l substeps which are preferably performed during the implementationI

' of the processing step 2304 shown in Fig. 2B(h}. In particular.

, steps 2902 and 2904 are event driven and only proceed to the next

step after an input has been received by the network. Step 2902

determines if the network sent a probe signal to a lost mobile

\ transceiver unit and if a reply to the probe signal was received

‘thy a base receiver in the network. If this event occurs, a

,.counter [not shown) is incremented by a value P by the central

:computer 2002.

In step 2904, if a message was successfully delivered to a

: mobile transceiver, preferably including an acknowledgment signal
V
Ireturn from the mobile transceiver to the network, the counter

i

|1(not shown} in the central computer 2002 is decremented by a value
';D.

After the occurrence of either of the events tested for in

i.step 2902 or step 2904, the algorithm proceeds to step 2905. In

: step 2906, if the counter value is greater than a predetermined

nvalue J, this indicates that the likelihood that a probe signal

will be necessary to locate the mobile transceiver is greater than
a selected value.

5 As can be seen, the process of substeps in Fig. 29(3)

§bfilEnCE5 the frequency of probe signals sent to-a particular unitI
: E
{against the number of successfully delivered messages to that
unit. If the system must send a large number of probe signals, it

_would be useful to enable the registration feature by setting the

registration flag on that mobile unit to enable the registration1

i
i1

N /. =
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"feature. In contrast, if many messages have been successfully

delivered without requiring a probe signal, it is unnecessary to

5 enable the registration feature by setting the registration flag.
1
I

;

I

.the mobile transceiver's capability to transmit a registration

iésignal if the calculated likelihood in step 2804 exceeds a
1:I

, registration flag in the mobile transceiver unit.

selected value. As can be seen, step 2808 preferably sets the

Fig. 28(3) shows a flow chart describing a method 2Bl0 for

implementing the registration concepts of the present invention

wherein the registration feature of the mobile unit is enabled. -

In step 2812. the network sends a message to enable the

registration feature (i.e. set the registration flag to 1] of the

mobile unit to enable the mobile transceiver's capability to

I transmit a registration signal. As can be seen, step 2812

Idetermines the initial state for the method set forth in Fig.

.23{s;.

In step 2Bl4, the network stores the number of registration

signals received by the network during a first period of time, and

the number or messages successfully delivered to the mobile

transceiver by the network during a second period of time.

Preferably, the first and second time intervals are identical.

The traffic statistics database.22fl0 of the database 2005 is

preferably used to store the number of registration signals and

successful messages for each mobile unit. As explainedIEI

hereinafter, these two statistics from the operation of the

I

7 72 -

I

144

1 In step 2803, a message is sent to the mobile unit to enable1
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‘by the mobile unit is useful.
3 In step 2816, the stored number of registration signals and

h
E
I

1 ‘ network are preferably used to determine whether the registration
I

ginumber of messages successfully delivered is processed to evaluate

S ;ithe likelihood that a registration signal will be received by a

‘base receiver in the network that will not he used by the network

‘to determine a set of base transmitters to be operated to transmit

5;a messege to the mobile transceiver. The preferred embodiment of

‘jthe invention processes the stored number of registration signals

10 ireceived and number of messages successfully delivered in

Eaccordance with the method set forth in Fig. 29(B) .
Referring now to Fig. 29{B), therein is shown a series of

ilsubsteps which are preferably performed during the implementation\l

i

15 ilsteps 2912 and 2914 are event driven and only proceed to the next

L,step after an input has been received by the network. Step 2912

fidetermines if a registration signal was received by a base

f!receiver in the network. If so, a counter (not shown) in the

}!centra1 computer 2002 is incremented by a value A.
H

20 ;‘

w
4
‘I

,.E

*5

In step 2914, if a message was successfully delivered to a

mobilefltrensceiver, preferably including an acknowledgment signal

 
return from the mobile transceiver to the system, the counter [not

shown) in the central computer 2002 is decrementecl by a value M.

It should be understood that the counter referred to with

25 - regard to steps 2912 and 2914 is different then the counter-J

-me"mn :1referred to with regard to steps 2902 and 2904 since each counter
Fuswecm Heunsruow-4 HT1’ 3. . - . .

““““§'°,§,I‘,_,.‘_'$;“‘ his only necessary when the registration feature is enabled or400 I SEICCI. M NI :waiillnfiiflfl, o-: zoos:
»-201 do!-4OGO
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1
I

disabled in the mobile transceiver. However, the same physical or

logical device may be used to implement both counters.

After the occurrence of either events in the step 2912 or

step 2914, the algorithm proceeds to step 2916. In step 2916, the

process determines if the counter value is greater than a

predetermined value T. The value of T can be varied to meet the

needs of a particular network. when the counter value exceeds T,

it is indicated that the likelihood that a registration signal

from that mobile unit will not be used by the network to determine

a new set of base transmitters, and therefore the registration

status for that mobile unit needs to be changed to disable the

registration feature.

In other words, the process in Fig. 29(3) balances the

frequency of registration signals sent by a particular unit

against the number of successfully delivered messages.to that

unit. he can be seen, if the mobile unit sends a large number of

registration signals without the system using these registration

signals, it would be useful to have the registration feature on

that mobile unit disabled. In contrast. if many messages have

been successfully delivered without too many registration signals

being sent by the mobile unit, it is unnecessary for the

registration feature to be disabled.

In step 2818, a message is sent to the mobile unit to disable

the mobile transceiver*s capability to transmit a registration

signal if the calculated likelihood in step 2314 exceeds a

selected value. As can be seen, step 2818 may preferably remove

the registration flag in the mobile transceiver unit.

.- -1-1' _

,7 *1:
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Of course, it should be understood that the variables P, D,

iand J used in ?ig. 29(A], and the variables A, M, and T used in
Fig. 29(3) can be adjusted as desired to enhance system

i

! performance, as will be apparent to one of ordinary skill in the"
!
. art. The counters can be implemented with so-called "reflective

"houndaries“ so that if a counter reaches a minimum value (e.g.,

'zero), it will continuously reset to that minimum value when

LI1
r
I
I
l

E
;further decremented.I

I

II
1

i

It will be apparent to those skilled in the art that various\

modifications and variations can be made in the systems and

‘ methods of the present invention without departing from the scope

or spirit of the invention.

Other embodiments of the invention will be apparent to those
5
11 {skilled in the art from consideration of the specification and

,practice of the invention disclosed herein. It is intended that

:the specification and examples be considered as exemplary only,

hwith a true scope and spirit of the invention being indicated by

the following claims.
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flfl§T I§ CLAIMED IS:

‘j;1. A method for information transmission by - plurality of

‘itransmitters to provide broad communication I;PabilitY over a

 
(dg t'.ran5mitt' g by the first set of transmitters a secondr

L
.;b1ock of inEormat.on during the second time period; and

! (ej transr.tting by the second set-of transmitters a third

block of infnaaation during the second time period.
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2. A multi—carrier simulcast transmission system for

transmitti in a desired frequency band a message contained in an
 

 
 
 

   

 
 
 

  

Ilinformation s nal, the system comprising:I

HI
I

first trans 'tter means for transmitting an information

signal by generatin a first plurality of carrier signals within

 the desired frequency and and by modulating the first plurality

rltransmitter, for transmitting he information signal in simulcast

of carrier signals to co vey the information signal} and

 
I I

second transmitter msa s, spatially separated from the firstI

Ilwith the first transmitter by gs" rating a second plurality of

: carrier signals at substantially t same frequencies as the first

[plurality of carrier signals and by m

Iplurality of carrier signals to convey tI

ulating the second

information signal.

I
I

I

I
i
I

I

I

I

I
I

I
I

I

I

I
I
I

I
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3. A communication method implements in a computer controlled

communication network for locating a obile transceiver within a

{region of space, the region of space being divided into a
I

U .

irplurality of zones with each zone s rviced by at least one base

-‘transmitter and at least one base eceiver, the network storing

‘idata corresponding to a zone wher the mobile transceiver was last

igknown to be located, the commoni ation method comprising the stepsJ

.-

gthe base transmitter;

! (c) receiving the regional pro signal by the mobile
I .;transceiver;

(d) transmittin an acknowledgment signal by the mobile

transceiver in resp nse to the received regional probe signal;

L (e) receiving the acknowledgment signal from the mobileI

Itransceiver by a use receiver; and
i

(E) updatin the data to reflect the zone of the base

-[receiver that r ceived the acknowledgment signal as the last known

location of th mobile transceiver.

-73-
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.assigned to a first zone, and the

_ assigned to a second zone;

4. A method of communicating messages between plurabity of
 

 
 

 
 

 
  

 

 

  
 

base transmitters and mobile receivers within a egion of space

divided into a plurality of zones with each zo e having at least

one base transmitter assigned thereto, the c nication method

comprising the steps of:

(a) transmitting substantially simul neously a first

5in£ormation signal and a second iniormat on signal to communicate

messages to the mobile receivers, the irst information signal

being'transmitted in simulcast by a irst set of base transmitters

oond information signal being

transmitted in simulcast by a sec nd set of base transmitters

(b) dynamically reassign’ng e or more of the base

  
 

transmitters in the first s t of be e mitter assigned to the

first zone to the second

second zone as a functi

an
area, thereby creatin updated first set of base transmitters

set and
and an updated seco of base transmitters;

[C] transmit ng substantially simultaneously a third

information sign 1 and a fourth information signal, the third

information si al being transmitted in simulcast by the updated

first set of ase transmitters, and the fourth information signal

being trans itted in simulcast by the updated second set of base

transmitt rs to communicate additional messages to said mobile

receivers.

-79-
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5. A mobile transceiver unit for transmitti messages to and 

  
  
 

 
 

 

 

 

"receiving messages from a network comprisin

1 input means for allowing the user t input a user message to

} the unit;
: transmitter means for transmit ing a radio frequency signal

including the user message from s mobile unit to the network:

W receiver means for receiv'-g radio frequency signals having a

message from the network;

the network : and

II

iI
I
1
1
I

f
I _ .

j a circuit,

‘transmitter ms 5, for disabling the transmitter means upon
‘detection o the electromagnetic signal, thereby preventing

unwanted adio frequency transmission.

- 39 _
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‘ which may communicate with a communication net
llcomputer, the network including a plurality of base transmitters

{Efor transmitting messages from the network t the mobile
iitransceivsr and base receivers for receivin messages from the

E mobile transceiver, the mobile transceive being capable of

sending a registration signal to be rece ved by a base receiver in

!:the network to identify the mobile tr ceiver’s location and the
1
! plurality of.base transmitters in the network being capable of

gnal to a base receiver to

comprising the steps of:

the network to the mobile

 
sceiver'5 capability to

 
- 31 _

153



154

Law apnoea
HNHECAN. Hwosnscu

F.-\FULI.OW. Cauuwrr
E Dvnmia

IJOD I IYRLET. M W
wu$HI~n1'o~. ac zooms

V-ID! CO8-«GOD

?
l
1

1u

a
I

:imobile transceiver to he network d

'ftransceiver cf the
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7. A communication method for controlling a mobile transceiver

twark controlled by awhich may comunicate with a communication

computer, the network including a plurali of base transmitters

ransceiver and basefor transmitting messages to the mobile

éreceivers for receiving messages from he mobile transceiver, the

Emubile transceiver being capable of ending a registration signal

to be received by a base receiver the network to identify thet

.!mobile transceiver'5 location, th network using received

lregistration signals to determi a set of base transmitters to be

:operated to transmit a message to the mobile transceiver, theI

method comprising the steps 0

(a) sending a message rom the network to the mobile

transceiver to enable the obile transceiver's capability to

}transmit a registration

i (b) storing the n ion signals from the

a first period of time

. and the number of me sages successfully delivered to the mobile

etwork during a period of time;

(c) processi g the stored number of registration signals andI

[number of messa s successfully delivered to evaluate a likelihood

ithat a registr tion signal from said mobile unit will not be used

by the netwo to determine a set of base transmitters; and

(d) se ding a message to the mobile unit to disable the

-32-
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