
FILE HISTORY
US 5,915,210

PATENT: 5,915,210
INVENTORS: Cameron, Dennis Wayne

Roehr, Jr., Walter Charles
Bhagat, Jai P.
Garahi, Masood
Hays, William D.
Ackerman, David W.

TITLE: Method and system for providing 
multicarrier simulcast transmission

APPLICATION
NO: US1997899476A

FILED: 24 JUL 1997
ISSUED: 22 JUN 1999

COMPILED: 15 DEC 2016

Aruba Networks et al. Exhibit 1002 Page 00001



Page 00002

 

 
 
 
 .5.P110 us/399475_ 
 

% 5915210

53.53;“ aamwygqnguzlggmuuumun “
,saanLuim numnmz cuss
(I3/a99;L17Ek cu‘?/2439?. -

2450 nssuEcLAsmncAnon‘
   
  
 

 
 

 

 

 

 ‘ .5 '.
DENNIS WAYNE CRMERUN, JACKSDN, MS; HALTER CHARLES ROEHR JR., RESTDN, Ufigi
JfiI P. EHRGQT, JREKSUN, M5;'MfiSDDB EHRAHI, MRDISDN. MS; NILLIAM D. HAYS»:
JQCHSDN, N5: DQVID H. ACKERMAN, NHSHINETUN, DC. ' '

V BEST copy|

l VERIFIED .\THIS APPLN 15- _-can OF nax75o,.a57 xzxcss/-as "3"
I!I

i

 

 . ;,;...u. 5 A com -31: n7x973.91e 11x12/92 PAT é.,s9a,atu:3

=*==*=FI:IF:EII.'=“N/F'I3T QPPLIEAT 'g;u!3******#=4==-=*v* ‘

} VERIFIED . - _ .

-; Nmeqxx -
J ‘ // NOV 231999

0FGORllEOT|0H
FOREIGN FILING LICENSE ERRNTED fl9!1Df??‘

 
 
 

  

FINNEGQN HENDERSON; QHQBUW GARRETT
AND RUNNER ;“
:1-amt: I STREET N -" '

cu:s5—3315 . ‘NASH I NIETUN DE

MULT I CARR} ER 5 I MULCRST TRANSM I 55 I IIFN

 

 
 
 

   

 

 

  
 
 

IVIETHDIJ AND SYSTEM FUR F‘ VIDINE

 - oncomrmhm-#ro4am. mm .»

mars OF__ nvpucxnon I V‘ J '
man SEPARATELY ._-mm Examine, ._
NOTICE OF JKLLDWANCE MAILED CLAIMS AlJ.OWED

 
 

 

 
  

 
 

 

. _ Total Claims Prim Claim
. » 1% ' J‘

sjsqant-Exfiminar

Amouni Due Da1e Fald Sheets Dtwgl I’-Tgs. DruJ!g.a“ Prinl Fig.
13 n - I 1 O ZF1 go 6

THANH Le ISSUE ,r
PRIMARY EXAMINER mg"

  
 
  

     
  ' ‘5\r‘°“F 3700' Primary Exarniner fluflflfifi D' PREPRHED FOR ISSUE . I

WARNING: The inlnrmalhn discinsed aernin may be resmoted. Unaulhofizad disclosure may be prohibited
my the Uniled Stains Coda 1'Il|e 35, Sections 18. 181 and 368. Possession autslua ma U.S.
Paienl E Tradamafic Gflioe is Iaslrictad to Imhorizead amplayans and mntracmrs only.

 
  

 
   (FACE)

Pagfioooz



Page 00003

 

[J

  
2a.'I5.9:

ma

wagmu

£903 _

 UTILITY _ TENT DATE ' PATENT _ I: T
afrtse 8"?6045~u»m

%‘?'?&’:'%"?3'57 :2?-‘3.-'u""'tfz3‘%‘ °"a'.‘%’s mm ' °"°‘5'a‘1"§"'" L”e T
RULE an 5 '71‘ 2 ~

[xENNIi-1:0. CFWIERUN, .3n'-ICKSDN, MS; NFXLTER E1. RIJEHR JR... FCESTDN; .\‘F¥; -IQ} F“.
'BHp.L3AT, .JfiC;F.E‘=lJN. MB; T‘1F\5|.‘.IfZID GARQHI, MRDISRSN, E-‘I5: WILLIAM E:-. Hs'='I\'5:

'::...>;iC1N, ME: D1’—W'£D N. AEIHCERMQM, iwh’—'uSHINI3T£lN, DE.

12""

 n

  
  
 

‘F

w*""'flf
:ka_¢.-f:;3!\§TINi_{[Nh; tun,fp,$:3«:v:u:g:1::t?r*=I::s<a::1t;|c:k:!<$:lL1:r '

I1'l7.I"E'753,9iS 11r'1.2f‘E".Z I-"‘:"~§T '.‘3.5'5‘U,4U3 'VERIFIEIJ THi'$ F'.F‘F’LN IE6 {-1 I313

___.‘.L&.’lV

r

wt-'*=F£?IRE1¥3Nr'F‘I.'.IT nm-*1, "r1ows=H=M==rM*=a*M=
VERIFIED

‘..—'N.

‘X,

I-'II!REIiE1‘:‘-E FELINE LICE RQNTED |Zl.’§.J‘1’.3.‘./97

pmwmmum u -. ' , =‘'*-“ = =- = "-’”-' muassz arroarzws

,,.,3¢1.,.,,,.,,.,,,...,.. nnwaa. cums nsoaveo oomemo.W...“ . 29 1 $“;7n.c:3 caa-3-v3a=ur;3:A.:--2:;
a Ni‘ 7   u'—‘. "t1-x'!:|_l ‘*1 =3"

J.-'}:-'§w'-2RET‘!' u‘-:!\§ILi _s‘.‘?i_lNNEH
i3r?H‘; E .*'3Tl-‘£5.-'.E'_'T Nb!

l=.i#¥_E=|-=.Il\£‘ETfJE\i EC iii!-’J!J5"'3'.'11‘5 _

'4'"

E“a'E'T‘r-{I39 a'-‘:l\5I3* ‘-SYSTEF‘. ‘ ll PREV I SING MLILTEIZQRRIER 1.-'.‘1ML1LCF\ET TRF»N!5i‘*1IEiEIC|N

 U.3.fi"|'. 0FCOM3l.lPA'|'.&TM"P1'O-LIL Iu.1 :

PAn1'§-or APPLICATION _ ‘Ha :1=n.ep SEPARATELY . - H a "5 Em“ her _
CLAI ALLOWED .

Tolalclgjms. ' Pn‘ntCIaim_\_,,.

Awislant Examiner ‘' 6 I

by)" - __ ssvétenmaminer
G 2606 ISSUE

map BAYCH
Prirna Examiner Nuuasn

PREPARED FOR ISSUE _ _

WARNIPIG: The Information disclosefi heréin may be restricted, Unauthorized aisamure may D5 pmmbnagby me Unilad S1ale's Coda Tulle" 36. seclions 122. 131 and 363. Fossesswon ouusiae ma us.
Patent 5 Trademark (mice is raslrinsd Ia aulhorized employees and Dunlranlurs only.

 
Farm PTO-536A

‘ (Rem W92]  
,\3.;;;?'Y" fg % 1

(FACE)

Page00003



08/760,457

METHOD AND SYSTEM FOR PROVIDING MULTICARRIER 
SIMULCAST TRANSMISSION 

Transaction History 

Date Transaction Description 
12-06-1996  Incoming Letter Pertaining to the Drawings 
12-06-1996  Preliminary Amendment 
12-06-1996  Preliminary Amendment 
01-03-1997  Initial Exam Team nn 
02-21-1997  Application Captured on Microfilm 
03-07-1997  Case Docketed to Examiner in GAU 
04-25-1997  Mail Notice of Allowance 
04-25-1997  Notice of Allowance Data Verification Completed 
04-25-1997  Mail Examiner's Amendment 
04-25-1997  Examiner's Amendment Communication 
03-25-1998  Mail Abandonment for Failure to Correct Drawings/Oath 
03-25-1998  Abandonment for Failure to Correct Drawings/Oath/NonPub Request 
04-09-1998  Abandonment for Purposes of Filing an FWC - File Combined with Child Application 

Page 00004



5,915,210

METHOD AND SYSTEM FOR PROVIDING MULTICARRIER 
SIMULCAST TRANSMISSION 

Transaction History 

Date Transaction Description 
07-24-1997  Preliminary Amendment 
08-21-1997  Initial Exam Team nn 
08-26-1997  IFW Scan & PACR Auto Security Review 
09-12-1997  Amendment after Notice of Allowance (Rule 312) 
09-12-1997  Information Disclosure Statement (IDS) Filed 
09-12-1997  Information Disclosure Statement (IDS) Filed 
09-15-1997  Application Dispatched from OIPE 
12-19-1997  Information Disclosure Statement (IDS) Filed 
12-19-1997  Information Disclosure Statement (IDS) Filed 
04-09-1998  Case Docketed to Examiner in GAU 
04-16-1998  Mail Notice of Allowance 
04-16-1998  Notice of Allowance Data Verification Completed 
04-16-1998  Mail Examiner's Amendment 
04-16-1998  Examiner's Amendment Communication 
06-16-1998  Issue Fee Payment Verified 
06-16-1998  Mailroom Date of Drawing(s) 
06-19-1998  Application Ordered to Match Drawing(s) 
06-19-1998  Drawing(s) Received at Publications 
06-24-1998  Application Received to Match Drawing(s) 
07-28-1998  Drawing(s) Processing Completed 
07-28-1998  Drawing(s) Matched to Application 
09-15-1998  Date Forwarded to Examiner 
09-23-1998  Mail Response to 312 Amendment (PTO-271) 
09-23-1998  Response to Amendment under Rule 312 
01-06-1999  Mailroom Date of Drawing(s) 
01-08-1999  Drawing(s) Received at Publications 
06-11-1999  Issue Notification Mailed 
06-22-1999  Recordation of Patent Grant Mailed 
10-27-1999  Post Issue Communication - Certificate of Correction 
11-19-2013  Correspondence Address Change 
11-20-2013  Email Notification 
11-20-2013  Change in Power of Attorney (May Include Associate POA) 
06-27-2014  Petition Requesting Trial 
08-15-2014  Correspondence Address Change 
08-18-2014  Email Notification 
08-18-2014  Change in Power of Attorney (May Include Associate POA) 
10-03-2014  Petition Requesting Trial 
01-22-2015  Request for Trial Granted 
04-08-2015  Request for Trial Granted 
04-27-2015  Termination or Final Written Decision 
05-28-2015  Termination or Final Written Decision 
05-29-2015  Termination or Final Written Decision 
06-06-2015  Case Docketed to Examiner in GAU 
08-13-2015  Petition Requesting Trial 
08-13-2015  Petition Requesting Trial 
02-16-2016  Request for Trial Denied 
02-16-2016  Request for Trial Granted 
02-29-2016  File Marked Found 
03-16-2016  Petition Requesting Trial 
03-16-2016  Petition Requesting Trial 
05-03-2016  Termination or Final Written Decision 

Page 00005



09-21-2016  Request for Trial Denied 
09-21-2016  Request for Trial Denied 

Page 00006



Page 00007

 

 

  
I ""' "' APPLICATIUI-NT} aK'5"r=n§Enr;nL1cE‘NsE g/

. INITIALS .. '- ' ' -- 

Euglgtrzd I '
ua°u'eu

Page 00007



Page 00008

 

/‘____-._.—_.-._~_._-.-_.=:_‘_...—-—._:——.. . . ‘__. _ K

PATENT APPLlCA'i'l0N %
% tflfllillffllmmifllffliliilflliif

 
 
 

 

i

0  03399476

- H ‘A -' H. ' ' Fl mfied
CONTENTS ' “Sr

- I Mailed

_A_gp}r'cafion j._#_._,._ papers.

I ' ,

fvvnrifi :»H.c»»fa£Z.m\ ;- _ _ 45 z’E?° 5::-.._.._. ’

V..- / lid’ ‘ '_ - '."' ‘'..;.r'- g;_'..-/}
la - -.' ‘ I %.l~3B7 _,_..__-596. no fig 1 Q 7

’+‘ HIM 0.‘-9 ‘WSLEIJ
  

 

(FRONT)

Page 00008



Page 00009

 

Page 00009



Page 00010

 

 
 

 

 

K. "}

Staple Issue Slip Here
M
 

 

 

  
  
  

  

 

EEEII
I—z1r:Ir/I
3111.1
Ifijj
Ijj
III

Ia:miInnIjj

 

 

INDEX OF CLAIMS

 
 

ac

 
 

 

I

II
72E

III I

wmma E-
EI I
IEHIIII I

- IaIIIII I
EEJIIII I
EI_ I

as IIIIIIIII
%'II
IIIII IE!
IELIIII IIEEI
IEII I!!!
II I
IEIII IE!
I1 I
II.'flI— IE!
I- I
IIEIII IE: I
EIIII um I
I- IE}! I
IEII IE! I

IE! I
I
I

 
{LE}-‘I’ INSIDE)

Page00010



Page 00011

 

' 9..

 
INDEX OF CLAIMS

(LEFT HNISIDE)

 
‘-I-at-0cu 
 *4HHEIE

   
  

NIHE
 

 
Page 00011



Page 00012

(RIGHT OUTSIDE)

Page 00012



Page 00013

 
SEARCHED 0

E

 Mm. ts/r/75 11/

(RIGHT OUTSIDE)

Page 00013



Page 00014

United States Patent [19]
Cameron et 11!.

I54] METHOD AND SYSTEM FOR PROVIDINGMULTICARRIER SIMULCAST
TRANSMISSION

{'75} Inventors: Denim Wayne Cameron, Jackson.
Missx, Walter Charles Rnellr, Jr..
Reaton, \Ih.; J3! P. Bhagal. Jackson,
Miss; Mnsood Glnltl. Madison.
Misss, Wililnm D. Hays. Jaclcsorl.
M1355, David W. Ackermnn,
Washington. D12.

['13] As-signee: Datlnaer Corpnrallnn, Jackson, Mist

1211 .4pp1.No.: 04:71:99,474

122] Filed: Jul. 24, 1997

Related U.S. Application Data

[63] Conmualion of application No. 087':'60,4$‘P, Dec. (1. 1996,
abandoned, which is a wutinunlion of uppliuatiun Nu.
071i9'1'3,915~. New. 12, 1992. Pat. No. 5,590,403.

[51] Inl.CI.‘ 1104131730
[523 U.s.cI. 4531.159,-45571112:-45571113
[53] Fleld ofsearch. . ........... ..4s57502.s03.

4557507. 509. 515. 510. 517, 524, 59, 60.
02, 03, 07.1, 07.3, 57.6. 101. 102, 103;

3757200. 267, 299; 3707343, 344

 

[56] References Cited
U.S. PATENT DOCUMENTS

3,433,445 171970 Chung.
3,914,554 1071975 Scinlcl.
4,223,405 971930 Hullori 41.1.
4,244,047 171931 Rcrkins.
4,392,242 771933 Kai 

 

  
NETWORK

QPEHAHONS
CENTEFI

10000

RECEIVER

HWWMWMMMMMHUS0059152} i]A 

  

 

 

[11] Patent Number: 5,915,210

[45] Date of Patent: Jun. 22, 1999

4.490313 t27"l.9G4 455159
4,505,334 371935
4,570,205 271934 455759
|t,?Ol,'l'58 101F198’? Dunkcnon et al. .
4,350,032 771939 91333443.
4,968,950 1171990 Juimki 4557512
5,123,934 771992 1311.311.
5,163,181 1111992 Koonu.
5243.429 971993 17.31 ,. 3757299
5,143,499 371994 Jnspe
5,192,452 271995 Duis.
5,50-1,783 471996 Tbminlo el II. 459101

FOREIGN PA'IEN'I' DOCUMENTS

WO 90764131! 411990 European Pet. Of177091710453 1171991 wwo ..-4557101
W09IJ'1l’1"07 111992 WFPO .. .4SS.'33.1

Primary E.'.ur7r1.irner--'l'han|1 Cong Le
Aaorney, 7132117, or F7'nr7—Finnegan. Henderson. Farnbow,t'larn:11 & Dunner

[51] ABSTRACT

A two-way Gtlrnmunicalion system for communication
bclwncen 1: system network and 1 mobile unit. The syslcm
network includes a plurality of base transmitters and base
Ieucivers include in the network. The base transmitters are
divided into mnal assignments and Iaxoadcaat in simulcast
using mulu‘-carrier roudulaxion techniques. The syslem net-
work controls the base Lmnsmiltcrs 1 bmadcast in suimul-
cut during both systemw-id: and zone boundaries to maxi-
mize information throughout. The preferred mobile unit
inlcuées 3 noise detector circuit to prevenl unwanted Inns-
Inissions. The system network further provides an adaptive
registration feamre for mobile uniis which controls the
registration operation by lbc mobile units to maxirnize
inI‘unm1ic1u throughout.

19 Claims, 30 Drawing Sheen

 
 

 
  

SH
3455" 522THAN SHITT EF|

W 7""--.,aIa3453
TRMSMIITER '-

 

 
REGIONAL51HIGH

  
 

Page 00014



Page 00015

U.S. Patent Jun. 22, 1999 Sheet 1 of 30 5,915,210

F/6‘. /

WMRAM

Tronsmfller

Page 00015



Page 00016

U.S. Patent Jun. 22, 1999 sheetz of30 5,915,210

Page 00016



Page 00017

 

 

mNaanmzocazoom_m<xn_-:z<5..§¢Ez_
Mms:_

5,mmi..........................,,...............5&8
mm.Eqmama:2:ag.m_n_:.:.E_2<mm6?.bmt.maz¢_0QmmmE__.,..mz<EH..EOEH.._.U__Sm.22..3<zo_mnowW_"EEQmagi.9useN9m>E:m¢_mm$azmemmfifimmqLu_H___sE7__.aw.90.

Eq5%

mSzmsomfi3%.6Enms:Eq:95.NEE2mz«E.m20$._<zu.m8%GE>ozw:owm¢

mg:

Eq5%
_$E_s_m_,_<E.20$._<zo_m9%GE

>ozm:am¢¢

U.S. Patent

Page 00017



Page 00018

 

04|.2.H

9,32,:5w$Es_mz¢Emg:msfimmmwoEEQE.... zoE_.22:m3?wt//NmHSzmacmwmWmMHHH_.m_"SzmsomimEz_2E_EozEo_moo_mE.4._._._.wMH.WH.umMM
mmwE2mz<EEd.m.QE. zofiézoa«my.GE

m55:85
E

m

JNEE_$E2mz<EEqmoim
20$ézoa9%6E

>ozm5omE

am

8,.Q2.

U.S. Patent

Page00018



Page 00019

F/G.5PRIORART

eat 5 of3|] 5,915,210

Page 00019



Page 00020

U.S. Patent Ju19. 22, 1999 Sheet 6 am 5,915,210

 

   

Esmemzocémmo

zD_._.<._.m

._<zoam_mv_.n_O_<..Ez  $.,._mowmw.m<m

  

mms_momm
Nmzomwas

;::;:aaEzom
§\.........,...,:2:

9mg

 

zozfimézo_om_¢
an

 
m.67..

Page00020



Page 00021

U.S. Patent Jun. 22, 1999 Sheet 7 M3!) 5,915,210

FIG. 7

T00

Generating a system inlormation T02
signal which includes a plurality of
blocks of information

Transmitting the system information 70:;
signal to the plurality of transmitters

Transmitting by the first and second

sets oi transmitters a first block of me
information in simulcast during the first
time period

 
iii}

!_.__.._/'

Transmitting by the first set of Transmitting by the second set of
transmitters a third block oftransmitters a second block or

inlormation during the second
time period

information during the second
time period  

Page 00021



Page 00022

US. Patent

800

 
 

 

 

 

Sheet 8 of 30

FIG 8

Jun. 22, 1999

Transmitting a message signal by a
base transmitter servicing a zone 802
where" the mobile transceiver was‘ last
lrnown to be located

Transmitting a regional probe signal
by a plurality of base transmitters
servicing a plurality of zones if the
mobile transceiver does not indicate

receipt of the message signal from the 304base transmitter

 
 

 Receiving the regional probe signal by
the mobile transceiver

805

 
 E03Transmitting an acknowledgment

signal by the mobile transceiver in
response to the received regional
probe signat

 

  
 Fteceiving the acknowledgment signal

from the mobile transceiver by a basereceiver
BID

  
 

"A

Updating the data to reflect the zone
of the base receiver that received the

acknowledgment signal as the last
known location or the mobile
transceiver

 
EH2

 
 

 

5,915,210

 

Page 00022



Page 00023

U-S- Patent Jun. "22, 1999 Sheet 9 of 30 5,915,210

 

Page 00023



Page 00024

 
U.S. Patent Jun. 22, 1999 Sheet 10 of 30 5,915,210

FIG‘. /0

F1 6)’ I012

I022
I004 SW2

F2 @_ 1014

'0“ L4 Signal
F3 ®— ! out

uwa

F4 (j:}__.

‘ 1046

my

 
Swn

Page00024



Page 00025

 
U.S. Patent Jun. 22, 1999 Sheet 11 of 30

FIG. 11

FREQUENCY
CONTROL
S|GNAL{ 1102 I112

FHEOU Y
CONTH
$GNAL2

FREQUENCY
CONTROL
QGNALS

FREQUENCY
C THOL
SI Ln

 

 
MODULATOR
 

5,915,210

1100

Page 00025



Page 00026

U.S. Patent Jun. 22, 1999 Sheet 12 of 30 5,915,210

FIG. 12

I CONTROL 1200
SIGNAL1j?} 1202

INPHASE %
OUADRATURE   
 
 

CONTROL

SIGNAL 2 } 1204
{N PHASE

® OU A D RATU R E
CONTROL

SIGNAL 3 } 1205
EN PHASE

OUAORATURE

1210
 

  
 
 

  

 CONTROL

SlGNAL4 *“—“1 r1208IN PHASE

  
OUADRATURE

FOUR CARRIER OUADRATURE MODULATOR

Page 00026



Page 00027

    

012,51av5wMB

m+m_2msuo2z:E_.n_EoU

NE

mas an_2m_%o3_+2m.92M§m___B2+
§m_:uoE..:

£2

_m:_EmcmFmmmm

8m_

U.S. Patent

 
   

Q..o\:.\

 

Page 00027



Page 00028

U.S. Patent Jun. 22, 1999 Sheet 14 of 30 5,915,210

as

Lm_.:n__..:OOas83

Eu.20395.9“:22
NM:

m__u_E59%as2:n_E<Bzom_2m__.fioE3.asasE3.9...__._8:EE_EmCm._._.mwmm 
EGxk

Page 00028



Page 00029

      

0H

..wm.£U:>>wHSat.
3,

529
U_UOJ01|mtEwCm;.r

Em

mrowwmEEEm:§._.mx%xxx.mE25:953$\N3
gm,

_m>_momcm:,m__n_oS_

US. Patent

 
 

m_OhC0U
>.m_Qm_D_o_m_.u§__5.o_mo._mmmqoflwUcm>m_gm_Q_m>_momm

m.\Gxk

 

 

Page 00029



Page 00030

U.S. Patent Jun. 22, 1999 Sheet 16 or 30 5,915,210

mg.

0.00

  

Ummzca

  

§_\

_m>_mowcw#m__o_o_>_0go00O00ea.%_Umm3C_JUmm:c3DZ89/

m.;.._®CC_Q;On_®EOImm30>:_>>@\@$2

m\.msm

Page 00030



Page 00031

U.S. Patent Jun. 22, 1999 Sheet 17 0f3[} 5,915,210

FIG‘. /7

Mobile Receiver

I700

 

  

W08

Receiver

[T08

  Display and

Storage Logic

130 ISM

Annuncialor

 

   
Display
Controls

Page 00031



Page 00032

U.S. Patent Jun.22,1999 Sheet 18 M30 5,915,210

    

_§_:8_om:_mmmooE_m:o_mmm

 

Ezmomm

._Otm_3UO_.tmO
3.am.as.

as_m>_mommmmwm_m:m_Q $5..0\:.\

   

§So:_omcammuoi_w:o_mmm

_%_%o=_8_§_§

2.._w_89_m>_mommmwmmmo_m:<}>33.b\.u\

 
 _m>_mommmo_mc< 

as

Page 00032



Page 00033

 
U.S. Patent Jun. 22, 1999 Sheet 19 0!‘ 30 5,915,210

F/G. I9

  

 

1302Analog
Receiver

Error
Correction

Circuit

  i3|U

  

 
 
 

1308

 

 

F{egfonaJ

Processing f
Circuitry ‘

Page 00033



Page 00034

U.S. Patent Jun. 22, 1999 Sheet 20 of 30 5,915,210

wmmnmfimflmmouud_o.__cooESQEOO_m:.r_mO_mEmowcozmgmaovtoazmz
ONfix...‘

Page 00034



Page 00035

 
U.S. Patent Jun. 22, 1999 Sheet 21 of30 5,915,210

  
  

 
 
  
 

 
 

 
  

 
 

  

FIG. 2/

2:02 ZIU4 ZIUS

Last Transmit 2'00
Location Capability? /

ZIOE! Service Area M55539‘?

_______________|.._.___

2m} Burton Format /2”?

—._.—.....__.—.—.—......———._.._.._..

 Transmit

Capability?

Service Area

Burton Format

n-_—;-_.—_...—;——-p_~———.u..__—_

 

User Database

Page 00035



Page 00036

U.S. Patent Jun. 22, 1999 Sheet 22 M30 5,915,210

mmmgmtmoo_t.m._._. 
  

U.n.:N>:DD

  

    
 

     

Ema>Um>_mu$.._flmcmfizimmmuuam.. .Emmm_m:m_munfit.EEO.mmmmmnmz.0_oz:o:m:m_mmm3ozmnoi5dzv..mmDUm..m>__mn_man.uwimummm__m:m_>__:_.mmmu...5w..mEmmm_mr_m_m0%:SEOmmmmummz.6dz_._u:m.;w_mm¢.B.02mnoi362mEm:NHMDam UU_G>__DOUm.>_aum.u.M“mC@_m_Cm
,.w2&5.uEm..._.$2.0mmmLw_._.u_w4m%%mm~m.__._c=m:m_mwm3dzSciB.o%_m._mm3

    

«fin.> _uwE>__mD_um__,_oommm_mcm.m=:_mmmuo.._m..Emmm_,a.cm_moEm.F.550mmmmummi3.02co__m=m_mm¢362mnoi3dzamam
ammm.wi

 New

Page 00036



Page 00037

 
U.S. Patent Jun. 22, 1999 Sheet 23 of 30 5,915,210

F7/Ci 213

Service Queue

C urrent Messag es

Page00037



Page 00038

Jun. 22, 1999 Sheet 24 of 30 5,915,210

oowm

tHW8D;anU

mwmnfimm._®t._C._mCmP_._.mwmm 
Bun.EEOENG.550

 

 

MED._w£_D

EEmzwummammmE..:m>_muw.n_wmmm
 

mm}...mmEm>oDEw._w>_mummmmmm
  :..m.E:m_mm<_mcom

¢_m::tm:m&_mmmm

 

 

mos...mmEu>o0mm?mmm_m>o0

 
:$E:m...$<_mcoN

 

ucm.Ecm_mm<_m:oN

mukw:_Em.._m.c.mmmm
  m_w:::mcmrrmmmm

   
  

END550

 

mo¢~

mm._q.mmmfiyoo.5m..m../éummmmmmmowm

  

._.a:Em_$<_mc0N

 
__mx::m:m_+.mmmm

u.J..lqcww

VN..m.\...\

Nowmq.

Page 00038



Page 00039

U.S. Patent Jun. 22, 1999 Sheet 25 M30 5,915,210

mwcom

mc_.5E_n_mcoN

_.meow
MNat

Page 00039



Page 00040

U.S. Patent Jun. 22, 1999 Sheet 20 ol-'30 5,915,210

FIG. 26

 

 
2600

 
 

Transmitting substantially
simultarieousiy a first information
signal and a second information
signal, the first information signal
being transmitted in simulcast by a
first set of base transmitters

assigned to a first zone. and the
second information signal being
transmitted in simulcast by a second
set of base transmitters assigned to a
second zone

 
  

  
  

  
  
  
 

2802
 

 
  
 

Dynamically reassigning one or more
of the base transmitters in the first set

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

transmitters assigned to the second

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

updated second set of base

transmitters

 
 
 

 
 

2504

 

  
 

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 simuicast by the
updated second set of base
transmitters
 _

 

 
 

 

2605

Page 00040



Page 00041

0.12:51.3,5

gmxNEasEoo_.9n_:Bmm__m:U_>6:_

M.mN

mV.Loam__EamMcofim\J]13:5:NE8;2:

0.,

m_oo9o_n__m>$E_U:m>>._On_
2.

n.In.

  

ChmGP.‘xmkm..w_<:.\

_m2mE_.m..:mE_co_EmEo0mEm>mImEm>mm_m:oN

xEasas8:as_oo9o_n_m_o>o

   

_m>._m_:_mEm>2..._

_@.:m:.__95”._m:oN

  

U.S. Patent

u_u_.2__E2m_.,mmn__>.,Emum_...w

   
 

Nepm

NVQNN.mxk

Page 00041



Page 00042

U.S. Patent

2800

 
Jun. 22, 1999 Sheet 28 or 30 5,915,210

I7/£2 £fi9Y3fl/

  
Send a message to disable the

registration feature
 2802

 

 
  
 

Store the number of probe

signals sent and a number of

messages successfully
delivered

 
 

2804

  
 

 
 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

 
  

  
2306

 
  

  
  Send a message to the mobile

unit to enable the mobile

transceivers capability to

transmit a registration signal it
the likelihood exceeds a

selected value

 
2808 

  

  
 

Page00042



Page 00043

FI6'. 28/8}

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

succesiutly delivered to
evaluate a likelihood 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

 

 
  
 

  

 
U.S. Patent Jun. 22, 1999 Sheet 29 of 30

2812

ZEIE4

ZSIE

I/28|3

 

5,915,210

28|0

Page 00043



Page 00044

U.S. Patent Jufi. 22, 1999 Sheet 30 of 30 5.915310

 

 mas,oEom_._mm<Z$._._.Esmmww_E>_mo.m2<Em_.__mO__2mi»0+wwfimmg<._.:2wz<I._.O...R._E$aommOHm$E2mz<E.M95"6ma<.u.z=2.mwEaOHgmoznmzat>m_Sm:$.52._._§._..$._HE0252m=._.wZ.mm>m_om_mmmé<>m8>_mummmm.:_3ézwazo.EEw_wm_m<_.<_.F8oz_._m_x:m:._._..85......r3%:.um:m_mom:._§mmzzaouMEm.
mam

 

E>mmmE,_:oo

 

Ems_m__n_om_n_<E#2300.8»u::,m_s_#_uz_Em_>_mumz«E_mm_>Ema:H:,_..S>_mom_m<9.B$>_dmézoa:._Emmm_8:w_,._o:<Ew_ommm_o<mmms_<ms;
<ms;

EmaNam.32..6E

  
 

m3§om5m_._m_m425.;Ezmmom_E>m_owz<EBaez2.:m:.<uO4O...>m<mmm8zmmjzsézwammomm4H<I._.ooo:_.mg:m_:._..3»2S.23.:mmzfimwm3§mwpzgoumlhm_ 
0.5mmtzaoo

 Hzmgmmuman_._,mH2300.3»H::,_msmEz_,,..E>_momz<E.3»n__....>.EmEw.__mo2Jnmmmwoosm<0..BE>_._wo<I._.:_S»jEm$ou:mEwmézwam_m_<mwm_s_mmomm<mss
¢925

EmaNewQ5$0.

Page 00044



Page 00045

 
5,915,210

1
METHOD AND SYSTEM FOR PROVIDING

MULTICARRIER SIMIJLCAST
TRANSMISSION

This application is a continuation of application Ser. No.
D8fl6fl.457. filed Dec. 6, 1996. now abandoned. which is a
Rule 60 continuation of prior application Ser. No. OTIQTJ.
918, filed Nov. 12., 1992, now U.S. Pat. No. 5,590,403.

BACKGROUND OF THE lNV'EN'I'[{)N
A. Field of the invention
The present invention relates to methods and systems for

providing two-way communication capability between a
central network and a mobile unit over a relatively large
area, and more particularly to such methods and systems
which allow for rapid nommunication oflarge messages and
efficient use of system resources.

B. Description of the Related Art
Conventional two-way portablcfmobik wireless messag-

ing systems often provide a variety of senrices to subscrib-
crs. Conventional messaging systems in particular provide
out-.—way services using store and forward techniques to
mobile receivers carried by the subscriber. A fundamental
goal of Iwoway messaging systems is to provide l network
of interconnected transmitters and receiver: which provides
sulficient transmitted signal strength and receive capability
to uniformly cover a geographic region. Some conventional
rnemaging systems provide the message to the utter on a
small viewing screen on the mobile unit.

However. such conventional systems often stllfer lrorn
problems associated with low system throughput, evide need
by slow message delivery and message alzc limitations and
do not provide an acknowlodgtnent feature wherein the
mobile unit transmits an acknowledgment signal to the
system to acknowledge receipt of the message from the
system. Generally, system Ltarougtput refers to overall com-
munication capability of a system as defined by the total
amount of message 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 measured in bits lrattsfened
per Hz. Further. such conventional systems sufier from
technical problems preventing ootuistent wide area cover-
age and would require extremely wide portions of valuable
frequency bandwidth to achieve acceptable system through-
put mes.

Simulcast technology in communication systems was
originally developed to extend Iransmitlcr coverage beyond
that which could be obtained irorn 5 single transmitter. Over
time. however, eimulcasting has evolved into a technique
capable of providing continuous coverage to a large area.

Generally, simulcast technology provides multiple
transmitters, operating on substantially the same frequencies
and transmitting the same iuforrrtation positioned to cover
extended areas. As shown in FIG. I, transmitter 190 gener-
ally provides coverage over area A. D. and E. transmitter
102 generally provides coverage over area B, D. and E. and
transmitter 104 generally provides coverage over area (I, E,
and F. In some cases. the coverage area of a first transmitter
maybe entirely enclosed within the.-coverage area of another
trnnsrnittensltcb as in building interiors and valleys. In areas
where one [and only one) transmitter dominates (c.g.. areas
A. B. and C in FIG. 1). simulcast is efiective because the
other transmitters do not sigttiflcanlly alfect receivers in
those areas.

However. in “overlap” areas D. E. and Fshown in FlG.1,
where the signals from two or more transmitters are approxi-
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mately equal. probles can arise because destructive inter-
ference of goals 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
coplelely cancel each other. While there were some
successes. reliable design procedures were not available.

Attempting to precisely synchronize the carrier frequen-cies of all simulcast trousrnilters does not overcome the
problem because points (in. nodes) at which destntctive
summing occurred persisted for tong periods of time. At
such points, a mobile receiver can not receive the simulcast
signal.

Deliberately ofllselting the carrier frequencies of adjacent
transmitters can ensure that destructive interference does not
persist atone point for an extended period ofIitne.The slight
errors in frequency displayed by high quality reference
oscillators (c.g., 20 hertz more in 100 MHZ signals or a few
parts in HIT} tender deliberate olf.-netting unnecessary.
Further, merely olisetting the carrier frequencies could not
guarantee acceptable quality demudtuatinn 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 rnedulating waveforms are synchronized and
includes coverage boundary ZEEZ from a first transmitter and
a second transmitter coverage boundary Zlltl from a second
adjacent transmitter. An cqui-signal boundary Zlltl exists
where the siytals from the first and second trnnsrnitters have
approximately equal signal strengths. A more realistic equi-
signal boundary would talne into account natural and man-
made topography and propagation conditions, and therefore
would probably not be a straight line.

FIGS. 3 and 4 generally illustrttte various signals as they
may occur at or near the equi-signal boundary 200 as shown
in FIG. 2. in particular, FIGS. 3 and Il» illustrate various
aspects of modulation synchronization and how altering
transmission parameters may afieet the synchronization. In
general. there are at least three sources which cause the
signals from the firet transmitter and the second transmitter
to be out of synchronization: (1) Lirnirtg rrhifis in the delivery
of the mochtlating waveform to each of the trartsn1illcrs;(2)
timing shifts internal to each transmitter; and (3) Liming
shifts caused by propagation distances and anomalies. From
the perspective ofa receiver located in an overlap area. these
three sources of timing shifts combine to produce an overall
liming shifts between the received signals from the first and
second Lransmitlcts In current commercial practice. the
summation of these three components results in lime shifis
of about 201'.) microseconds. The timing shifi 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 highbaud rate transmissions '

A time line representation at a signal 306 from a that
transmitter is shown in FIG. 3(A) and a signal 308 from a
second transmitter is shown in FIG. 3(3), both from the
perspective of a receiver located in an overlap area. Vertical
dashed lines 300 represent baud intervals on the time axis.
As can be seen from FIGS. 3(A} and (B). the signals 306 and
308 are frequency modulated between a high and a low
frequency value and the signal: 306 and 308 are exactly in
phase. As will be appreciated, the timing shift between
signals 306 and 308 must be small when compared to the
baud interval shown in FIGS. J(A) and (B) since signals 3116
and 308 are in synchronization. Of course, as the baud
interval decreases. the timing shifts will likely cause signals
306 and 3E8 to be out of synchronization.
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P165. 3(6). (D). and (E) show the summation of these

two signal; 306 and 308 at an equi-signal boundary, such as
boundary 100 in FIG. 2. FIG. 3(C) slztows a composite signal
sltt indicating that the frequency intorrnaticn rcntains
unchanged, FIG. 3(D) shows a linear graph 312 of lite
relative phase diiference caused bya slight carrier frequency
difference between the signals [tom the first transmitter and
the second transmitter. FIG. 3(5) shows a composite ampli-
tude signal 314. A noise threshold is indicated by the
horizontal dashed line 304 in Fit}. 3(5).

or interest. FIG. 30?.) shows the composite amplitude
signal 314 dipping below the noise threshold 3-04 at so
artli-phase condition 302 (e.g., when the relative pbasfl angle
is :l8U'. as shown in F10. 3([))). As can beseen from FIG.
3{E). the anti-phase condition 302. caused by the slight phaseshift between transmitter 1 and transmitter 1 will not cause
any loss ofdata because the anti-phase condition persists for
only a small portion of the baud interval.

The alight offset of the carrier [requencies between thelirst and second transmitters causes a slow drifi of the
relative phase of the two signals, as shown in FIG. 3(1)).
when the signals are :18lJ' out of phase. the temporary dip
in the amplitude signal may cause the loss of a few bits in
the oomposite signal, at wnrst.T|1esc errors can be counter-
acted with a conventional crror correcting code, such as is
commonly KDCIWD.

HO. 4 shows a set of similar signals to those in FIG. 3.
but wherein the signal 402 from the first transmitter is ofl'set
from. or out of synchronization with, the signald-D4 Erom the
second transmitter by a full band. In particular. signal 404
lags signal 4412 by one baud interval. As previously
discussed. tltt: offset of signals 402 and 404 may be caused
by various Liming shifts in the delivery of both signals 402
and -I-04 to a receiver in an overlap area. FIGS. 4(A] and [B)
illustrate the extreme case where the sum of these timirtg
shifts is equal to the baud interval shown by dashed lines
400. As can be seen in FIG. Il(Q, composite signal 406
includes a period of ittdetermirtate frequency whitit unde-
sirably covers several entire baud intervals and. therefore,
successful demodulation is impominle during those baud
intervals. Iflhe baud interval were increased to minimize the
eflect of these timing shifts. data loss would be less liltely.
‘Therefore, it can be seen that the baud rate at which good
data transfer can be accomplished is limited by the timing
shifts between signals delivered to receiver: in overlapareas.

Through these examples. it can be seen that high degrees
of modulation synchrorrization make it possible to obtain
good data demodulation in a simulcast syflem. However. the
baud rate limitation of simulcast systems is a significant
drawback and limits system throughput.

An alternative to simulcast for wide area coverage is
a$lgl1t'l1|!l'Il of orthogonal. non-overlapping subdivisions of
the available system capacity to adjacent areas. Subdivisions
can he made in time [e.g., broadcasting the lll|.l0l'l'l'll.llDtl on
the same frequency in ditferent time slots to adjacent areas).
or in Ereqnency (e.g.. broadcasting the information simulta-
neously on dtlierertt frequencies in adjacent areas). There are
several problems with such orthogonal systems. however.
First. onbogonal assignments require tuning the receiver to
the assigned frequency or time channel for the area in which
the receiver cu rrehlly 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 to-Inning as the mobile unit
moves between areas. Such scanning and re-tuning also
disadvaolageonsly increases mobile unit power consump-ttort.

ll]

Sb

4
Second. and more serious. the orthogonal aasignrnent

approach drastically reduces the system throughput capacity
as measured in bits per Hz because anywhere from 3 to 7.
or possibly more. orthogonal assignments are required to
obtain continuous area coverage in net conventional
orthogonal systems. This waste of capacity is somewhat
recouped if the same information is not needed throughout
the service area because a given piece of information B sent
only to those cells where it is needed.

Conventionaloellular radio serviceis a typical example of
an orthogonal syste. In cellular. the same Frequencies are
reused in spatially separated cells to allow t:li.ll'erent data to
be transmitted to different mobile units. An example of three
ceiiular arrangements is shown in FIG. 5 where the number
of cells (N) is equal to 3, 4. and '3'. Each wll (i.e.. A, B. C.
. . . ) in conventional cellular service usually only includes
a single 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 (all the “A” transmitters) far
enough apan to reduce the likelihood of interference
between such transmitters. Asthe number of wits increases.
the ltlteliltood of interference decreases. For example, with
N-3 as shown by arrangement 500 in FIG. 3. the distance
between the coverage area of“A" uellstsrtbout it cell width.
with N-4 in arrangement 501. the distance between the
coverage areas of “A” cells is slightly larger. and with Na?
in arrangement 504 the distance between "A" cells is larger
than the width of one cell.

However. as the number of cells increases. the length of
the individual time intervals per cell decreases for time
division multiplexed systems. thereby decreasing the sysv
tems totai irtformation transfer. In frequency division
systems. more cells undesirably increases the frequency
bandwidth required. Therefore. system throughput in bits
per Hz is decreased as the number of wits increases.
Furthermore, cellular systems often require an electronic
"handshake" between syslcm and mobile unit to identify the
specific cell (Le. transmitter) in which the mobile unit is
located to allow capacity reuse.

ll. SUMMARY OF THE lNV"El'r|Tl0N
The systems and methods of the present invention have a

wide variety of objects and advantages. The systems and
methods of the present invention have as a primary object to
provide a communication system with wide area coverage
and high mess-age throughput while minimizing frequency
bandwidtlt usage.

It is an object of the invention to provide a simulcast
communication system with a high data transfer rate which
does not exceed the baud rate limitatiom of simulcast
transmission.

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 a noun
based communication system which may dynamically rede-
fine zone boundaries to improve ittformation throughput.

Another objectofthe invention is to provide a cone based
simulcast communication system which can efiectivety
communicate with both mobile I.ra.nst::ivcr units located
near the center of each zone as well as mobile transceiver
units located within the overlap areas between two or morezones.
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Additional objects and sdva ntages of the invention will be
set forth in part in the description which follows, and in part
will be obvious from the description, or may be learned by
practicing the invention. The objects and advantages of the
invention will be realized and attained by rnea ot’ the
elements and combinations partiettlarly 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 trans-
mission by a plurality of trattsmiltets to provide broad
communication capability over a region of space, the infor-
mation transmission occurring during at least both a first
time period and a second time period and the plurality of
ltansruilters being divided into at least I first and second set
Of: transmitters. the method comprising the steps of (a)
generating a system information signal which includes a
plurality of blocks of infiorntatinn, (b) transmittirtg the
system information signal In the plurality of transmitters, (C)
transmitting by the that and second sets of transmitters a first
block of information In simulcast during the first time
period. (:1) transmitting by the flrst set of transmitters a
second block of information during the second time period,
and (e) tnmsitting by the second set of transmitters I third
block of information during the second time period.

In another embodiment, the invention is directed to a
nzulti-carrier simulcast transmission system for transmitting
in a desired frequency band a message contained in an
ittformation signal, the system comprising a first transmitter
means for lranstznillirtg an information signal by generating
a first plurality of carrier signals within the desired fre-
quency band and by modulating the CIISI plurality of carrier
signals to convey the infomiatiolt signal. and a second
transmitter means. spatially separated from the firsl
transmitter, for transmitting the infurrnation signal in simul-
cast with the Etrst trararniller by generating a second plu-
rality of carrier signals at substantially the same frequencies
as the fit-st plurality of carrier signals and by modulating the
second plurality ofcarrier signals to convey the inlormation
signal.

In another embodiment, the invention is directed to a
communication method implemented in a computer con-
trolled communication network for locating a mobile trans-
ceiver within a region of space, the region of space being
divided into a plurality ofzcnes 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 known to be located, the com-
munication method comprising the steps or (a) transmitting
a message signal by a base transmitter servicing a zone
where the mobile transceiver was last known to be located,
(b) transmitting a systemwide probe signal by a plurality of
base transmitters servicing a plurality of zones if the mobile
transceiver does not indicate receipt of the message signal
from the base Irartstnitter. (cl receiving the regional probe
signal by the mobile transceiver. id} transmitting an
acknowledgment signal by the mobile transceiver in
rponse tn the received regional probe signal.(e) receiving
the acknowledgment signal Erom the mobile transceiver by
a base receiver. and (D updating the data to refleet the zone
ofthe base receiver that received the acknowledgment signal
as the last known location oi the mobile transceiver.

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 into a plurality of zones with each zone having
at least one base transmitter assigned thereto, the commu-
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6
nit-ation method cmuprisiug the steps of (3) transmitting
substantially simultaneously a Enst information signal and a
second information signal to communicate messages to the
mobile receivers, the tirst information signal being trans-
mitted in simulcast by a first set of base transmitters
to a mat zone, and the second information signal being
transmitted in simulcast by a second set ofbase transmitters
amigned to :1 second none, (h) dynamically reamigning one
or more of the base transmitters in the firsl set of base
transmitters assigned to the first zone to the second set of
base tramitters assigned to the second zone as a function
of the messages to be communicated in an area, thereby
creating an updated first set of base transmitters and an
updated second set of base transmitters, and (C) 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 infinrrnatiort signal being trans-
mitted in simulcast by the updated second set of base
transmitters to emnmunitzate ariditional memages to said
mobile receivers.

in another embodiment, the invention is directed to a
mobile transceiver unit for transmitting messages to and
receiving messages Eront I network comprising input means
fior 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, receiver means for receiving radio frequency sig-
nals having a message from the network. signal detector
means for detecting at least one type of electromagnetic
signal generated external to the mobile unit and the networlt,
and a circuit, connecting the signal detector means to the
transmitter means, for disabling the transmitter means upon
detection of the electromagnetic signal. thereby preventing
unwanted radio frequency transmission.

in another embodiment. the invention is directed to a
communication method for controlling a obile transceiver
which may communicate with a communication network
controlled by a oomputer, the network including a plurality
of base transmitters for transmitting messages from the
network to the mobile transceiver and base receivers fior
receiving messages from the rnohile transceiver, the mobile
transceiver being capable of sending a registration signal to
be received by a base receiver in the ttetworlt to identify the
mobile t.raosceiver's location and the plurality ofbase trans-
mitters in the network being capable of sending a probe
signal to the mobile transceiver to cause the mobile trans-
ceiver to transmit a signal to a base receiver to identify 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
registration Signal. (b) storing the number of probe signals
sent by the network in the mobile transceiver during it flrst
period of time and the number of t't'IE$&lfiBS sumessfttlly
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
sitccessfitlly delivered to evaluate a likelihood that a probe
signal will be required to 'bt‘.st'.nt by the network to locate the
mobile unit to deliver 2: message, and (d) sending a message
to the mobile unit to enable the mobile transr:eiver's capa-
bility to transmit a registration signal if the calculated
likelihood exceeds a selected value.

Firtalltf. in another embodiment, the invention is directed
to a communication method for oonlrt:-l|.ing a mobile trans-
ceiver whicb may communicate with a communication
network controlled by a computer, the network including a
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plurality of base transmitters for nansmittlng messages to
the mobile transceiver and base receivers fior receiving
messages from the mobile transceiver, the mobile tram-
ceiver being capable of sending a registration signal to be
received by I base receiver in the network to identify the
mobile lransceivefs Iocatiort. the rtctworlr using received
registration signals to determine a set of base transmitters 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 cable the
rrtobile transceiver’: capability to transmit a registration
signal. (h) storing, the number of registration signals frunr the
mobile transceiver to the network during a first period of
time and the number of messages successfially delivered to
the mobile transceiver by the rtetvtrork during a period of
time, (c) processing the stored number of registration signals
and number of messag suwessfirlly delivered to evaluate
a likelihood that a registration signal from said mobile unit
will not be used by the network to determine a set ct! base
transmitters. and (d) sending a message to the mobile urtitto
disable the mobile trauscei-.rer's capability- to transmit a
registration signal if the likelihood exceeds aselected value.

It ‘us to be understood that both the foregoing general
description and the following detailed description are exem-
plary and explanatory only and are not restrictive of the
invention, as claimed.

Ill. BRIEF DESCRIPTION OF THE DRAMNGS

'11:;-. accompanying drawings, which are incorporated in
and constitute a part of this specification, illustrate several
ernhndiments oi the invention and together with the
description. serve to explain the ptinciplescf the invention.

FIG. 1 is a schematic diagram of an arrangement of
simulcast transmitters;

FIG. 2 is a schematic diagram of uniforrn smooth earth
propagation,

FIG. 3 isascttemattc diagram ofsynetuoniwed modulated
waveforms;

FIG. 4 is I schematic diagram of modulated wavelorms
olfset a Full baud;

FIG. 5 is a schematic diagram of cellular system cover-
‘E9;

FIG. 6 is a schematic diayam of a communication
system:

FIG. 7 is a Bow chart of a preferred method of commu-
nication:

FIG. 3 is a flow chart of a preferred method of sending a
regional probe signal;

I-16.9 is a schetn atic diagram of a Erequency spectrum for
mulli-carrier modulation;

FIG. 10 is a schematic diagram of an Dfltlfllf keying
modulator; _

FIG. 11 '5 a aabematic diagram Ufa frequency sbifi keying
modulator;

FIG. 11 is a schematic diagram of a four c.at't'i-er quadra-
ture modulator;

FIG. 13 is a schematic diagram of a first embodiment of
a base transmitter;

FIG. 14 is a schematic diagram of I second embodiment
of a base transmitter;

FIG. 15 is a schematic diagram of a mobile transceiver;
FIG 16 is at pictorial representation of a mobile trans-cetver;
FIG. 17 is a schematic diagram of a mobile receiver;
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FIG. 18(A) is a schematic dingrarn of an analog base
receiver:

FIG. 1303) is a schematic diagram of a digital base
receiver;

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

FIG. 20 is a schematic diagram of a network operations
center;

FIG. 21 is a schematic diagram of a database structure;
FIG. 22 is a schematic diagram of a trafiic database;
FIG. 23 is a schematic diagram of a service queue;
FIG. 24 is a schematic diagram o[ a base Iransntltter

database;
FIG. 25 is a schematic diagram of dynamicauy changing

zonal assignments;
FIG. 26 is a flow chart at‘ a preferred method of dynami-

cally zonal reassignment;
FIG. 2T[A) is a schematic diagram of the cycle protocol;
FIG. 27(3) is a schematic diagram of the forward batch

inlcrval protocol:
FIG. 2‘?[C) is a schematic diagram of the individual batch

protocol;
FIG. 2895.) is a flow chart ofa preferred method to enable

the registration feature of a mobile unit:
FlG.2B(B) is a flow chart ofa preferred method todisable

the registration feature ut a mobile unit;
FIG, 29(A) is a how than‘. of a prelcrred evaluation

method used to enable the registration feature; and
FIG. 19(3) is a flow chart of a preferred method used to

disable the registration feature.
IV. DESCRIPTION OF THE. PREFERRED

EMBODIMENTS

Reference will now be made in detail to the present
prcficrrcd embodiments and exemplary ornbodirncnts of the
invention, examples of which are illustrated in the accom-
panying, drawings. Wherever possible, the same reference
numbers will be used throughout the drawings to refer to the
same or like pans.

A. Overview of The System Hardware
FIG. 5 shows an overview of the major elements of a

preferred communication system aooording to the present
invention. As shown therein, the communication system
includes a network operations center 600 which hcunueuted
to a satellite uplinlt 602 via data path 604. Asatellite npltnlt
isused to provide data to satellite 606. Satellite 606 redirects
the received data to several satellite downlinlt stations
inctudingslation 608 and station 610. Conventional satellite
technology allows for nominal data transfer rates of 24- M
bitsfsecond. Further. conventional satellite technology
allows for accurate delivery of data to stations 60.‘! and 610.
which allows for precise syrtchroniratinrt between the sig-
nals broadcast in simulcast by the stations 608 and 610. II
should be understood that stations 606 and 610 may option-
ally receive identical data, or may individually receive
dilferent data siultaneously from the satellite 606.

Satellite downlinlt stations E08 and 610 are connected to
spatially separated base transmitters 612 and E14 via data
paths 616 and 618, respectively. Base transmitter 612 is
umnected to antenna 620. and has: transmitter 614 is
connected to antenna 622. Preferably. the hue tranttmitters
at the present system have a power output capability of
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about 350 watts, which will provide an eflective transmitter
coverage area nfseveral tens of iles. Each zone preferably
includes multiple Irarutrnitter stations shown as. for example.
base transmitters 613 and 615 in FIG. 6 as will be evident
from the following discussion.

Mobile unit 624 is connected to antenna 626 and. in the
preferred embodiment. is a small. portable unit capable of
being carried easily by 1 user and therefiore is similar to
conventional pagers in those aspects. More preferably, the
mobile unit has both receive and transmit capability. will: a
nominal transmit power output of about 1 watt.

‘Rte cornmunlcatlon system includes several base receiv-
ers 628, 630, 632. and 634 each connected to antennas 636,
I533. I54”. and 542, respemively. Ease reoeiversfilfl and 630
are connected to a regional station 644 via data pytlua‘ 646
and 648, respectively. Base receivers 652 and 634 are
connected to regional station 650 via data paths 6S2a.nd 654,
respectively. Base transmitters 612, 614 preferably have I
large transmit power output capability to provide coverageto the mobile unit in areas to which rnmunircation is
typically difiicult, such as buflding interiors, and to extend
the coverage area of each transmitter. 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 dilferenoe in output power between
base transmitters and mobile units. so overall ratio of ll]
base receivers to 1 base trarnitter may be appropriate. and
the 2 to 1 ratio shown in FIG. 6 is merely shown for ease of
illustration.

Regional station 650 is connected to the network opera-
tions center 69!) via data path 656 and regional station 644
is connected to the network operations center 600 via data
path 658. The data paths 656 and 658 preferably include low
cost phone lines, but may include any convenient and
appropriate data transfer technology. Generally, the commu-
nication system of the present invention roughly divides
various regions of space into portions called zones. Each
none 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 none
dividing line litltl roughly dividing a zone 1 from a zone 2.
Zone 1 includes base 1.ransmitter614. base receivers 632 and
634, regional station 650, and mobile unit 624. Zone 2
uicludcs base transmitter 612, base receivers 628 and 630,
and regional station 664. Dashed line 660 only rouflity
defines the boundary between mrtes because precise bound-
aries do not exist. For example. to 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 660, and preferably should extend somewhat
below dashed line 66!}. Similarly, the range of base trans-
mitter 611 should at lens! cover the region below dashed lint:
661]. and preferably should extend somewhat above dashed
line Gfltuts can be seen, an overlap oflranamitter coverage
may occur in the vicinity of dashed Line 660.

Reterring back to FIG. 2, it can be seen that boundary M
and boundary 204 overlap in an area near lbe equi-signal 20!!
and between these boundaries which may be tenncd an
“overlap area." In FIG. 6. dashed line are is drawn near the
may be defined as the equ.i~signal boundary between base
transmitter SH and base transmitter 612. Of course. dashed
line 660 does not represent the overlap area that may occurbetween base transmitter 6:4 and base transmitter 612.

As explained in the Background of the Invention section.
if base transmitters 612 and 614 are broadcasting identical
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signals on the same frequencies in simulcast, good reception
by a receiver located near the dashed line 660. and possibly
in an overlap area (not shown). can be achieved. Sirnulcasl
thus may provide uniform transmitter coverage for the
region shown in FIG. 6. However, if base tramtnilter 612 is
broadcasting in first irtlortnalinn signal and base transmitter
tile is broadcasting a diflerent, second information signal an
identical frequencies simultaneously. it will likely be rlit2i—
cult Eor a receiver located in the overlap area to receive
either the first or the second information signal. in this
imrtaoce, the overlap area may be referred to as an interfer-ence area because a receiver in this area would receive a
composite signal, including the firs: and second information
signal, that would lilnely he unusable.

The following will be an exemplary discussion of thevarious interactions of the elements of the communication
system when delivering a message to mobile unit 624. In
accordance with the invention, a preferred method 700 ot
this interaction is shown in

1'-'lG.1. Network operations Center 600 generates a system
irrtnnnalion signal of several blocks of information as shown
in step 702. The bloclrs of information include an electronic
message to be delivered to the mobile unit 624.

In step T04, the system information signal is transmitted
to the besetransmilters. In particular the network operations
center 600 provide the system information signal and appro-
priate other data to the satellite uplinlt 602 via data path fltllfor transmission to the satellite 606. The data is then
received and retransmitted by satellite 506 to satellite down-
lirtk stations 608 land 61!]. The data received by satellite
downlinlt 608 is provided to base transmitter 612 through
data path 616, and the data received by satellite downlirtlr
610 is provided to base transmitter 614 through data path618.

At this point, the exemplary communication system
shown in FIG, 6 may transfer the rnemage 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 620 and antenna 622, respectively, in
simulcast to be received by mobile unit 624, which corre-
mucls to step 706 in FIG. 2’. This firs! alternative may be
u.se.ft.tl tndeiiver the memiage if, for example, the location ofmobile unit 624 in zone 1 or zone 2 is unknown and broad
coverage is desired.

lit the second time interval, base transmitter 61:! transmits
a block of information including the message data to mobile
unit 624 and base transmitter 612 transmits another block of
information, tvhich corresponds to steps 1'08 and 710 of FIG.
1'. This second altemalive may be useful if, for example, the
mobile unit 624 is lilrnown to be located in zone 1 and out
of rings of base transmitter 612. Delivery of the mange to
mobile unit 624 during the second time interval is advan-
tageous because during message delivery to the mobile unit
624 by base transmitter 614, base transmitter 612 could be
delivering a different memage to a diiferent mobile unit (not
shown). k can be seen, this second alternative would
increase information throughput and system eficiertcy.

lf the mobile unit 624 has properly received the message
via antenna 626, then the mobile unit 624 may generate a
return signal Hand broadcast that signal via antenna 626.
The return signal may be received by any or several of the
base receivers 625,630, 632. or 614. For example. the return
signal could be received by base receiver 632 throughantenna 640 if antenna 6&0 is located closer to the mobile
units than any other antenna 636, 638, or 642. In this case.
the base receiver would receive lhe return signal and provide
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it to regional station 650 through data path £52. The regional
station would then provide the return signal to the network
operations oenter 603 through data path 656 for further
processing as appropriate. It should be understood that a
return signal may include either an autonomous acknowl-
edgment signal which indicates that the mobile unit accu-
rately received the message or a user generated reply signal.

If the mobile unit 624 does not completely receive the
rnemnge. it can generate and broadcast a negative acknowl-
edge signal. 'I'he negative acknowledge signals when deliv-
ered to the network operations center 50]. indicates that
retransmission of the message is necemary.

It should be understood that the exemplary system shown
in FIG. I5 includes a modest number of elements for case of
explanation. It is envisioned that the system of the present
invention include a large number ofbase transmitters. base
receivers. regional stations. and mobile units with a sub-
stantial number of base transmitters asigned to each none
and all base transtnitters assigned to a particular none
operating in simulcast, Further, it is envisioned that the
present system could advantageously suppon a large number
of zones to cover a wide geographic area.

ll. Overview of the Zonal Simulcast Concepm
‘The preferred systems and methods of the present inven-

tion variously use simulcast techniques within individual
wrtes 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 6011 assigns each base transmitter in the system to a
zone. For example. in FIG. 6. base transmitter 614 is
assigned to none 1. and the base transmitter 612 is assigned
to zone 2 by the network operations cert ter 600. To maximize
information throughput. the systems and methods of lite
present inventton dynamically oorttrol zonal assignments
and the use of simulcast technique.

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 communication cycle it. divided finto a
systemwide time interval and a renal time interval. In the
sysremwide time interval. the base transmitters Erorrt at least
several zones are operated in simulcast to simultaneously
transmit identical information to a large geographic area. It
should he understood that the systemwide lie merely twoor more zones.

Broadly speaking, the communication system need not
know the location of a mobile unit to tramsruil to it during the
systemwide time interval. Therefore. the systcmtvide time
interval can be used to send a "probe" signal that requests at
particular mobile unit to broadcast an ackmwledgineot
signal to allow the system to determine its approximate
location by determining which base receiver receiver! the
acknowledgment signal. Probe sigoa ls. thereby. may be used
to tract: the locations of mobile units. or to uncover thelocation of ‘‘lost'' mobile units.

In the zonal lime interval. each base transmitter assigned
to a partitzular zone transmits identical information in simul-
cast. However. for mobile units at or near the interference
areas between adjacent zones. poor communication to those
mobile units is likely during the zonal time interval because
transmitters in adjacent zones will be simultaneously trans-
mitting di.'l’Et.'.rt:nt data on the same. or substantially the same,
frequencies. The zonal time interval provides good commu-
nication capability for mobile units not located near the
zonal hourtdarics and allows the system to "reuse" identical
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frequencies in adjacent zonts. Fruthermore. i.E2tona1bound—aries are selected to be located in areas where mobile units
are not likely to be located. i.e. unpnpulated areas. the
iiltelihood of providing good communication capabilities to
a large percentage of mobile units can be increased.

As can be seen. Erorn a system perspective, it is desirable
to communicate with the mobile units in the zonal time
interval because information lhrtouglaput is maximized by
reusing the transmimion frequency band in the several
zones 1:: other words. using the zonal time interval allows
communication will: a large number of mobile units in a
short amount of time. Accordingly» communication during
the aystetnwide time interval should be minimized because
message transmission during |.l‘I.iS interval requires a large
amount of system resouroes be dedicated to that message,

For tnobile units located near the boundaries between
zones where interference is likely during the zonal time
interval. gnodcorurnunicatinn capahilitycnnbe achieved for
these ut'u'ts during the systemwide time interval. In the
prefierred systems and methods. when a mobile unit rails to
acknowledge a mesage sent during the zonal time interval
or provides a negative acknowledgement. the nenvork
opcratiore center sends a probe signal during a subsequent
syslemwide time interval to determine the location of thatmobile unit. lithe 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 net-
work operations center may simply retransmit the message
during the systemwidc Lime interval. In other instances. the
failure to suocemfully deliver a message may be simply
caused by the mobile unit being located in a weak signal area
Within a zone. In these instances, the system may retransmit
the message during the zonal time interval using an appro-
priate error correcting code or using a stronger error nor-
recting Code.

Alternatively, the network operations center may deter-
mine Erom the probe signal that the mobile unit is simply
located in a difiemnt zone than the zone that the message
was first not. In this case. the network operations onnter
preferably causes the message to be retratumitted in the
appropriate zone without again using a portion of the
valuable syslemwide time interval.

In accordance with the invention. a preferred method SDI]
for sending a probe signal is sttmvn in FIG. It. In step 8112.
a message signal is transmitted by a base transmitter ser-
vicing a zone where the mobile transceiver was int known
to be located. In partir:uIar. this may he preferably an attempt
by the network to deliver a memge to the mobile trans-ceiven

If the mobile transceiver does not indicate receipt of the
message signal from the base transmitter transmitted instep
3l12.lbe tlettvcrlt assumes that the mobile transceiver has not
received the message and transmits tr probe signal by a
plurality ofbasc transmitters servicing a plurality of zones in
step 80-tl~.'l11e mobile transceiver receives the probe signal in
step S06.

Upon receipt of the probe signal by the mobile
transceiver, the mobile transceiver transmits an acknowl-
edgment signal in step 1309. Abast: receiver receives the
acknowledgment siytal from the mobile transceiver in step
819.

Finally the data. such as the last location field 1104 shown
in user database 2100. is updated to reflect the zone or the
base receiver. or receivers, that receives the acknowledg-
ment signal as the last known location of the mobile trans-
ceiver in step 312.
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C. The Muttt.Carn'er Modulation Transmission
Format

The base lranstnilters of the communication system, such
as base transmitters £12 and IH4 shown in FIG. 6. preferablyutilize a mulli-carrier modulation format as will now he
described. In general. a multi-carrier modulation fiormat
envision: the simultaneous transmission of several closely
spaced carrier frequencies within a desired frequency band,
each individually modulated to convey an infonnation sig-
nal. The multi-carrier modulation formal advantageously
allows for high data transfer rates by providing good bit rate
transmission rates while keeping below the baud rate limi-
tatioru or simulcast transmifiion techniques.

FIG. 9 shows a frequency representation 900 of an eight
cmier modulation format. Cartier frequency 902 is shown
with side band: 904, at-rier frequency 9005 is shown with
side bands 908. carrier frequency 910 is shown with side
handn 912, carrier frequency 914 is shown with side hands
916. carrier frequency 918 is shown with side bands 92!].
carrier frequency 922 is shown with side bands 924, carrier
frequency 926 is shown with side bands 92!. and carrier
frequency 930 is shown with side bands 932.

it should be understood that although this exemplary
figure shows an eight cal':'iet' 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 skins B4 and 936 represent minimum
frequency mll olflevels. such asrnaybe required by Federal
Communication Commission 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 tune of the transrnission Eront the lame
transmitters can be greatly increased. while ltceping the baud
rate within aooeplable ranges for simulcast transmission. It
should also be 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
olfset to prevent sustained nodes or “dead spots" where
destructive interference hetwceuthc aigrrals from each trans-
mitter provides an unusable composite signal, as was
explained in the background section of this application. This
frequency ofilect is preferably on the order of 10-20 hertz.

As previously discussed. each carrier signal may be
individually modulated to convey a data slrearn. The fol-
lowing will discuss alternative techniques for modulating a
plurality of c.arr'iers in accordance with the systems and
rnelltotk of the present, invention.

1. Modulated Oufolf Keying
Perhaps the sirnplcst modulation scheme conceptually is

modulated oniofi keying (MOOK). FIG. 10 shows a sche-
matic represerttallon of a MDOK modulator 1000. The
MOUK modulator 1000 includes at plurality of carrier fre~
queocy generating devices. such as frequency generator
100}. generating frequency F1, frequency generator 1004
gcncrating frequency F2. frequency gcmralor 1006 gener-
ating frequency F3, frequency generator 1008 generating
frequency F4. and Erequency generator 1010 generating
frequency Fn. As shown in FIG. 10. the MDOK modulator
1.000 may include any number (i.e. n) of frequency
generators. but eight carrier frequencies are preferred. asshown in FIG. 9.
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The output from each of the carrier frequency generators

102, 104, 106. 108. and [10 is applied to a plurality of
re.-tpeclive switches SW] 811, SW2 314, SW3 315. SW4
E18, and SWD £20. The output from each switch is providedto a oombiner 1022.

Each of the switches SW! 812. SW2 314. SW3 81¢ Sw-4
B13. and SWn B20 opens and closes under the oontrol of a
control logic system (not shown) to efiect the MOOK
odulation. The control logic system (not shown) causes the
desired switches to variously iclose and open. thereby con-
veying an n-hit binary word. Each carrier frequency trans»
mils a binary “orte" if the respective switch is closed and a
binary “zero” if the respective switch is

The summer 1032 combines the modulated carrier fre-
quencies to provide a mu1I.i-carrier modulated output signal
that conveys an n-hit binary word.

2. Binary Frequency Shift Keying Modulation
An alternative tmtlti-carrier modulation scheme Lrtcluding

frequency shift keying (FSK) techniques may be imple-
mented by the modulator shown in FIG. 11. A frequency
shifi modulator 1100 includes tr first frequency
source I102. a second frequency source 1104, a third fre-
quency source 1106, a fourth frequency source 1108, and an
nth fioquency source 1110. The output from each frequency
source as provided to a respective modulator 1112. H14.
1115. 1118, and 1120.

A ountrul logic system [not shown) provides a Erequertcy
control signal to each modulator to frequency shift modulate
the carrier frequencies. 111 pa nicular, the control logic system
(not shown) provides frequency control signal 1 to modu-
later 1112. frequency ooolrol signal 2 to modulator 1114.
frequency control signal 3 to modulator I116. fiequency
signal 4 to modulator 1118, land frequency control signal :1
to modulator 11.20. In binary Ercquency'tthi.ft lreying (BFSK),
the respective frequency control signals prrwid: data mne-
sponditttg to a binary “ooe" or "zero" which causes the
respective modulators to modulate a lirst or second fre-
quency onto the carrier signal.

A summer 1.122 combines the modulated carrier frequen-
cies to produce an output signal.

3. M'ary Frequency Shift Keying Modulation
A modulation scheme related to binary frequency shift

keying is M'ary frequency shift keying. M'ary frequency
shift keying modulates Ihree or more rtifierent frequencies
onto the respective carrier signals. In quaternary frequency
stun keying, for ettaunptc. two hits of information may be
instantaneously conveyed on a single carrier frequency.
Similarly, 8'ary frequency shift keying may instantaneously
convey three bits of information per carrier frequency.

Referring again to FIG. 11, M'ary frequency shift keying
may he irnplernertled by providing modulators 1112, 1114,
lllfi, lllll, and ‘H20 with the capability to modulate M
dilfcrent Ereq uencics onto the center signal. Accordingly. the
various frequency control signals must provide data indi-
cating which of the M frequencies is to be modulated onto
the carrier signal. For example, in quaternatyfmqttency shift
keying, the frequency control signals must each include two
bits of information to indicate which of the four different
frequencies are to be modulated onto the carrier frequency.The summer 1122 oombines the modulated carrier fre-
quencies to produce an output signal.

4-. Quadrature Amplitude Multi-Carrier Modulation
Yet another alternative modulation technique for a mtt.|I.i-

carrier transrnlaion forrnat is shown in Fifi. 12. A quadra-
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ture modulator 1200 includes a first quadrature carrier
generator 1202. a seoond quadrature carrier generalnr1204.
a third quadrature carrier generator 1106. and a fourth
quadraturecarrier generalcr 1308. Asiswell known, quadra-
lure modulators lin 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 he
envisioned, depending upon data transfer and throughput
needs. FIG. 12 shows four quadrature carrier generations
which effectively correspond In eight unique modulator
signals. Therefore, quadrature amplitude mulli-carrier
modulation may prefierably reduce the width of the fre-
quency band necessary to achieve a desired data transferrate.

Each quadrature carrier generator 12.02, 1204, 1206, and
[208 receives a control signal from a control logic system
(not shown) which provides the data to be modulated onto
the quadrature ca.I'rier 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 1.202, 1204.
1206, and 1208 are provided to a summer 1219 which
combines the signals to produce an output signal.

5. Permutation Fregucocy Sltift Kevinq (PFSK)
PFSK may be implemented through control logic systems

similar to that used in a MOOIC or an M’ary FSK modula-
tion scheme. ln PFSK, every baud has tt fined number of
carrier signalspresent. prelcrably any 4 of the possible 3, In
a PFSK arrangement. a constant average transitter power
is advantageously delivered and the receiver only need
decide which -1 carrier frequencies contain the most energy.
In the case of MOOK. the receiver must attempt to deter-
mine on a subehannel-by-strbchannel basis the presence or
absence of a signal. This aspect of PPSK may simplify
utobilc receiver design.

Compared to a binary or M’ary FSK modulation schemes,
a higher number of bits may he delivered per baud with
PFSK. For example. Pl’-SK may generate signals lhal inde-
pendent l-‘SK subchannela could never generate. such as all
four carriers being the four highest ti-equencias. and there-
fore it can be seen lhll PFSK may advantageously increaseinformation transfer rates.

D. The Base Transmitter

Each base transmitter unit. such as basetrarrsmitter 612 or
614 shown in FIG. 6. receives transmitter oontrol data and
rnesage data transmitted from the satellite 6136. FIG. 13
shows a first preferred embodiment of a has: transmitter
1300 in accordance with the present invention. The base
transmitter 1300 receives data from the satellite dcrwnlink
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 mntrol logic 1304 provides a
control signal to a plurality ofmodulalnrs 1306. 130$. 131.0,
1312. and 1311. Modulator 1305 produces a carrier signal
Fl. modulator 1308 produces a carrier signal l-‘2. modulator
1310 produces a carrier signal F3, modulator I312 produces
a carrier sigznal F4. and modulator 1.314 produces a carrier
signal Fn.

For example, the wntrol logic may generate appropriate
control signals to modulate the carrier signals in a MOCIK.
BI-‘SK. M’ary l"-‘SK. FFSIC. or quadrature amplitude odu-
Ialion scheme. as previously discussed. Each modulator then

16
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 istbcn applied In apower amplifier 1318
lo amplify this signal to an appropriate level. The power
amplifier 1318 may. for example. produce a nominal output
signal of 350 watts to antenna 1320. In this embodiment.
power amplifier 1.1318 preferably has extremely linear char-
acteristics to prevent formation of intemtodulation products.
and to insure that those irtlcrmoduiation products lb not
cause signals to be generated at undesirable frequencies.
Antenna I320 broadcasts the desired signal from power
amplifier 1.318.

FIG. 14 shows a second preferred embodiment of a base
. transmitter unit. 111: second embodiment contprises a base

transrnitter 1400 which includes 1 satellite downlinlt con-
nected to data input 1102. control logic 14-04. and several
modulators 1406, 1408, 1410. 1412. and 1414. Each modu-
lator receives an appropriate control signal Erom the control
logic 1-1-D4. as previously discussed with respect to basetransrnittcr 1300.

‘The output from each of modulators 1406, 1408. 1410.
1-111. and 1414 in base transmitter 1400 is provided to
respective power amplifiers 1416, 1-118, 1420. 1422, and
1424 to provide an appropriate power output level for
transmission. such as 350 watts aggregate.

The output [turn each of power amplifiers 1416. 14-18,
1430. 1422. and 1424 ‘ts provided to combiner 1426 to
combine the modulated carrier signals into a single output
signal which is provided to antenna 1428 for broadcast.

E. The Mobile Unit

The mobile unit may be a small. portable mobile
transceiver, such as pictoriatly represented in 1-16. 16.
Referring now to H0. 15. 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 transrnilting replies, or other
ntemges, to the base receivers of the system.

In partiwlar. the mobile transceiver [500 includes an
antenna [502 which is connected to a trarsmitrreceive
switch L504 to switch the antenna between the lransiznil and
receive sections of the mobile transceiver 1500. A receiver
1506 is provided to receive the messages from the base
transmitter. Of course. the rouziver must be appropriately
designed to receive the multi-carrier signahi from the has:
transmitters and mustbe appropriately designed to demodu-
late the panicular modulation scheme utilized. For example,
appropriate analog filters and appropriate demodulators
could he used. In the preferred embodiment, the receiver
performs a translonn. such an fast Fourier trarisfonrt. on the
received signal to separate the data from the various carriers.
in the multi-carrier modulation fonual.

The receiver l5i.'lIi is connected to a display and storage
logic section 1508 to process the received signal. An annou-
ciator 1510 to alert the user lhal a message has been received
is connected to and conuolled by the display and storage
logic 1508.111: ttnnunciator 1510 may commonly include a
sound producing device such as a beeper, or a vibrator, or a
flashing light.

As-rt of display controls 1512 to oontml the display ofthe
mobile transceiver 1.500 is connected to the display and
storage logic 1508. A display 151-I. pretcrably an LCD
display. is also oonnected to the display and storage logic
1503 to display messages and various ctlber information InIlrc utter.
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Display and storage logic 1508 is connected to transmit
logic 1518 via connection I526. Display and storage logic
1508 may generate an autonomous acknowledge signal
which causes the transmitter 1520 to broadcast an appropri-
ttteiy modulated RF signal. As previously discussed, it isdesirable for the mobile transceiver to transmit an acknowl-
edge signal if the message was properly rewived by the
mobile unit, or alternatively to transmit a negative acknowl-
edge signal if the mesage was only partially received. 11::
negative aclrutowledge signal indicates that the network
operations center should rebroadcast the message to themobile unit.
' Preforah1y.lhe rebroadcast of the dressage lo the mobile
unit should occur with an appropriate error correcting code
whichmayb-edecoded by the mobile unit to insure complete
and accurate reception DI the mrsmge. Of course, error
correcting codes should be I.t.secl only when necessary
because their use slows data transfer and increases the
complexity of the mobile unit. Other types of autonomous
replies may also be useful. for example. to indicate to the
network operations center that the user has not viewed the
message even Iltottgb the mobile unit properly received it,
such as when the mobile transceiver is unattended by theuser.

Aset ofinpul switches I516 ispmvidcd to allow the userto:

input a reply in a received message, or to otherwise
generate a message to be transmitted by the mobile trans-
ceiver. The input switches are connected to transmit logic
1518 which decodes the signal hour the input switches 1516
to generate an output signal to the tnnsmiuer 1520. The
llattsutttler 1520 generates an appropriately modulated RF
signal to be broadcast by antenna 1502.

The mobile transceiver 1500 also preferably includes a
noise detector 152. The noise detector 1522 provides an
output signal upon sensing through antenna 1502 a threshold
level ttigt-ral. The noise detector 1522 provides an output
signal to disable the transmitter 1520 via connection 1524.
and to thereby prevent unwanted transmission by the mobileunit.

Noise detector 152:.’ preferably is set to detect electro-
magnetic signals which are generated externally to the
communication system and which are indicative of a con-
dition when transmissions by the mobile unit are undesir-
able. For example. the noise detector 1522 could be
designed to serve a threshold level ofnoise at 40011:. When
the user enters a commercial aircraft. which commonly uses
-t-00 hertz power supply. the reoeiptot‘ this noise by the noise
detector 1522 would then disable the transmit capability of
the mobile transceiver [500 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.

The display and storage logic [508 of the mobile trans-
ceiver 1500 further preferably includes a timing circuit (not
shown) which may be used to turn the receiver section 1506
on or ofi‘. as desired. The timing circuit (not shown) advan-
tageously allows lhe mobile transceiver to “power down"
during periods of time when messages are not. anticipated to
be transmitted. For example. in a preferred communication
protocol, the receiver could simply power up at the begin-
ning of each cycle to receive data to determine if a message
will be transmitted to that mobile transceiver during that
cycle or when infonualitin tsnnoerning message availabilitywill be transmitted. If the mobile transceiver is to receive a
message, the timing circuit could power up at the appropri-
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ate lime to receive the message, and their power down after
receipt. The timing circuit. therefore. advantageously pro-
long; the battery life of the mobile transceiver 1500. Of
course. it should be understood that the timing circuit could
control the other elements of the mobile t.ra.t.'sceiver. such as
the display 1514. and the transmit logic 1518.

In an alternate implementation, the receiver 1506 may
adaptively change its demodulation techniques to accom-
modate various forrnals. For examp]e.each zone may advan-
tageously use a different modulation format depending on
message traflit: levels, and other considerations. In
partiotlar. the receiver may receive a signal indicating the
modulation scheme utilized in a given zone viaa modulation
format message contained in an overhead portion of the data
stream. The demodulation of FSK. M’ary FSK, PFSK, and
MOOK formats all bemn with the determination of the
energy levels detected at each of the carrier frequencies, and
thus require identical proccsing of the received R1’-‘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 manuersimpler and more economi-
cal transmitters. with a decreased capacity for information
transfer. can be used in zoom that have decreased trafic
loads and more expensive, high-throughput transrnilters can
be used only in those areas where they am needed.

A pictorial representation of the mobile transceiver is
shown in FIG. 16. The mobile transceiver 1690 shown
therein includes a case 1602. a pair of display control
buttons 1604, a dispiay 1606. and a set ofaix reply buttons
1605. 1610. 1612. 1614, 1616. and 1618. As indicated
previously, display 1606 is preferably an LCD display and
a set of display control buttons 1604 may he used to set’b1l
text up or down on the display 1606. The message “will you
be home for dinner?” is shown on display 16116.

The set ofsirt reply buttons 1608, 1610. 1612, 1614. 1616.
land 1618 provide I. 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 ‘"1"’ to the message 623 displayed on the screen 1lillh,The
transmit logic 1518 generates an appropriate signal based
upon which button the user presses. In this simple scenario,
huttonsldl-1,1616. and 1618 are unused.

In alternate applications, up to six possible reply tries-
sages may be shown on the screen 1606. Of course, other
particularized applications may be envisioned for the reply
leahtre of the mobile lransuriver 1500. For example, ii" the
user is a slnclibrnkxzr. the display lfllfi could display lhe
temts "buy." "sell," or “hold" above the appropriate buttons.
A variety of other applications may he envisioned.

With the six button reply option provided by mobile
trnnmtver 1.500, a three bit message may be transmitted by
the mubiletransceiverlo the base receivers. The two remain-
ing slates of the three bit message may be used hy the
transmit logic 1.1518 for the autonomous aclmnivledgment
signal which indicates that the message has been properly
received. and for the autonomous negative actnrowledgrnent
signal which indicates that the message has not been oom-
pletcly or properly received,

01' course, the mobile transceiver 1500 shown in l~'l(.i. 16
oould be eottfigured difierently to provide more or less reply
buttons, different cltplay control buttons, and diflerent dis-
play formats as desired or needed by the user.

Further, the mobile transceiver 1500 could additionally
include at data output port (not shown) for 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 a
laptop or palmtop PC, or could be incorporated therein. The
PC could display the memage on its screen, thereby obvi-
ating the need for the display 1606, and the lneyboard could
be used togenerate any appropriate reply messagm from the
user, thereby obviating need for the reply buttons and
allowing free lorn: messages to he sent by the mobile
transceiver. Auser selected reply would be translerred to themobile transceiver lltll [mm 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 [torn a voice mailbox,
for example. Ofcourse, a voice data generation device, such
as a mitnophorte, could be connected to the mobile tram-
ceiver 1500 to allow the user to reply to the voice. mail
message he has received or to initiate voice data communi-cation front the mobile transceiver to the base remivers.
Similarly, facsimile transmissions could he supported.

An alternate embodiment of the mobile unit includes only
receive capabilities. but does not include any transmit capa-bilities. FIG. 17 shows a mobile receiver 1700. The various
components of the mobile receiver generally correspond in
functionality to the aimilar elcmcnls shown in FIG. 15. Of
course, the mobile receiver 17M carinol generate replies,
which includes user initiated replies, an autonomous
acltnowledgment signals or negative acknowledgment
signals, because oi’ the laelt of transmit capability. Also, the
location of this alternate embodiment cannot be tracked bythe nelworlr control center because of the laclt. of transmit
capability. Generally. because of these reasons, the-mobile
receiver 1700 embodiment of the obile unit is less pref-
erable than the mobile transceiver embodiment 1500.
Further, it should be appreciated that the mobile transceiver
embodiment may include circuitry for generating various
autonomous resportses 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 in FIG. 6, mobile receivers are dispersed throughout
the geographic service area. Base receivers need not be
asociated with zonal boundaries pct Se. but will always be
located to service at least one zone. of course. A few base
receivers may exist in the overlap region between zones.

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 68!] preferably selects the data from the
base receiver with the highest received signal strength (i.e.
the signal with the lowwt 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 trans-
eeiver units and in minitniztc the overlap between base
receiver coverage areas. Alternalely. the network operations
center 600 could use “vnting" techniques by comparing each
data set from the several base receivers to arrive at the most
likely return signal data using conventional voting receiver
technology.

FIG. 18(A) shows a firsl embodiment of an analog base
receiver. Analog receiver 1302 is connected to an antenna
1800. The analog receiver 130'} simply receives the signal
from the antenna lllllll and rernovert the modulated wave~
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form fi'om the carrier frequency and outputs this waveform
in analog fonnal to a regional demodulator 1804 via data
path 1806. Data path 1806 is preferably a 4 Kl-II analog
telephone channel.

The regional demodulator 1804 receives signals from
several analog receivers included in several base recovers.
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
1804 is then transferred to the regional processing circuitry
1808. and then onto the network operations center tlllrll.

'|'l1e analog receiver 1802 could generate. identification
data to be transrnittcd with each received message so the
network operations center 600 can determine the source of
each message retxivecl. Alternatively, and preferably, dedi-
cated communication paths are used for each base receiver
and therefore, the source of the message can be inferred
from the communication path that is activated.

FIG. 18(3) shows a digital base receiver ernbodiment
which includes an antenna 1300 attached to an analog
receiver 1802. As in the previously discussed ernbodirnent.
the analog receiver 1302 removes the modulated wavefnmi
from the carrier signal transmittecl by the mobile transceiver
unit. The analog receive: ltlttzoutputsthe modulated wave-
form to a demodulator 1810 included in the base receiver.
The demodulator 1810 produces a digital output signal
corresponding to the data atrearn transmitted by the tnnbile
transceiver unit. The demodulator 1810 provides the digital
output signal to the regional pmcessitig circuiuy 1803 in the
regional station via data path 1812. Data path 1812 may be
any conventional data path which can satisfactorily convey
the digital data from the demodulator 1310 to the regional
processing center 1888. The regional processing circuitry
1BI3tl then passes the data to the network operations centerSIIIJ.

FIG. 19 shows a digital base receiver including errorcorrection and store and forward Featurea.Ai1 antenna Will!
is connected to an analog receiver 1502 which is connected
to a demodulator 181.0, as previously described with refer-
ence to FIG. 1803). The demodulated digital signal is output
from demodulator 1810 to error correction cirtntitty 1906
which may perform error correction algorithm to insure the
integrity of the return signal received from the mobile
transceiver unit. 01' course, the error correction circuitry
should decode and correct data which have been eornpatttaly
encoded by the mobile transceiver.

The error corrected data output from the error correction
circuitry Ullfi is pruvitled lo it store and forward circuit1908. The store and forward circuit 1908 stores the received
data to allow it to be transmitted later at a convenient time
and at a convenient data transmiiort rate.

For example, in the present system it is Iiltzely that the
return aigtal tralfic received by the base receiver will occur
in short bursts at a relatively high data transfer 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 dtuiug tralfic bursts. The
store and forward circuit 1908 may preferably act asa bullet
to allow the return signal data to be communicated from the
store and forward circuit 1998 to the regional processing
circuitry 1808 at a lower [and less expensive) data transfer
rate. Store and forward circuit 1908 is, therefore, preferably
connected to regional processing circuitry 1808 via data path
1910 which may include a low cost telephone Line.

G. The Network Operations Center
1. Overview

The network operations center till] isshnwn in schematic
fo rm in FIG. 20. The network operations center 600 includes
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a base receiver input system 2000 which receives data from
the various regional stations throughout the system (e.g.,
regional stations 644 and 650) via various data paths. such
as data paths 656 and 658 as shown in FIG. 5. The data
received by the base receiver input system 2000 includes
reply data from users with various control data. Ease
receiver input system 2000 may include appropriate con-
ventional signal processing equipment. Control data may
include data id: ntifying the base receiver (Le. location of llte
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 appmpri-
ate data paths may be considered.

The base receiver input system 2W0 then provides the
received data to a central computer 2002. The txntral
computer 2002 may also receive input Erorn a user input
system 1004. For example, the us: input system 2004 may
rcccivc data Eton-t users via phone lines who may access and
interact with the central computer via voice, DTMF, or
rnodcm transmission and may include appropriate conven-
tional signal prccessittg equipment. Auscr may interact with
the central computer 2002 to modify his service. to initiate
or receive messages, or to perform other desirable Functions.

Generally, the central computer 2002 processes the data
received from the base receiver input system 2000 and from
the user input system 200410 perform various operations; on
the data, ito update various database entries for use by the
central computer 2002. and to generate data for Ira narn isaic
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 operations center £00, a disuthulcd computing
system may be used to perform the necessary functionality
of the central computer 2002. Presently, however. a single
lnrzatinn for the central computer ZEHIZ is preferred.

Satellite uplinl: utput system 2806 receives data from the
cert tral computer 2002 and provides it to satellite 606, shown
in FIG. 6, for transmission to base transrnitters within the
system (eg. base transmitters £12 and 614 in FIG. 6).

The central computer 2002 isalso connected to a database
system 2008 which stores various data such as memagr. data,
user status data. system slams data, and manage status data.
for example, for use by the central computer 2002 in
processing.

Also, a control access 2010 is provided to allow systems
engineers or programmers to access lhe central computer
2002 to observe and modify its operations and system
performance.

2. Database Structure

The database 2005 of the network operations center
includes several database structures necessary for the opera-
tion of the system. While a preferred partitioning of these
databases is described below. it should he understood that
other partitioning: could be considered, such as moving the
various "user t.ra.fl3c" ftelth from the traffic statistics database
to the user database.

a. The User Database

For example, the user database structure shown in FlG.21
includes a record for each user of the system who possemcs
a mobile unit. Toe record for user 1 2101] includes various
fields, such as an ID number field 2102 which indicates a
unique number associated with that particular user. The
transmit capability field 1106 indicates whether the mobile
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unit assigned to the user has the capability to transmit. Thelast location fleld.2l04 includes data which indicates the last
known location of the user. The last location field may he
updated when the central computer recognizes that a new
hm receiver has received a return signal [tom the mobile
unit. thereby indicating the mobile unit has moved since the
last return signal. Ofcourse, if the mobile unit only includes
a mobile receiver without transmit capability. the last loca-
tion field 210-! cannot be updated and the mobile unit may
be given a default location.

The service area field 21l‘.t8 includes data corresponding to
the area in which the user has subscribed to. For example, if
a user desires service in geographic areas less than the total
system service area, the central computer could use the data
in the service area field 2108 to cause only selected base
trnrtsrnillcrs to attempt to trammit messages to a mobile unit.

The button format field 2110 includes data indicating the
format of reply buttons the user may access on ab: mobile
Irattscxivcr. Of course, for mobile units with only receive
capabilities, Ibo button format field will not be used.

The message field 2112 includes data representing one or
more messages which are intended rm the user. A receive
flag is set when Iltr; central computer has received data
indicating that the message has been received by the mobile
unit via an acknowledgment signal. If the mobile unit does
not have transmit capability. the receive flag is set upon
transmission of the message by the appropriate base trans-
mitters. The userdatabase structure may include other fields
for each user of the communication system of the present
invention as needed to provide various desired services.

in. "File Receiver Database
Database ZUIJK of FIG. 2lJ includes a receiver database

(not shown} which includes an entry with several associated
fields for each base receiver in the system. A tirst field for
each base receiver preferably includes the total number ofmobile units which have last communicated with this
receiver. A second field for each base receiver preferably
includes a list of base transmitters which may cover all or a
portion of the receiver coverage area of 1111! base receiver.

c. Traffic Statistics Database

Database 2003 of FIG. 20 should also include preferablya tralfic statistics database as shown in FIG. 22 which
includes various fields containing statistim calculated by the
central computer 2lJ(B concerning traffic patterns for the
system. For example, the trafic database 2200 preferably
includes a user field 2202 for data indicating a user of the
network. Several fields are preferably associated with the
user field 2202. Ficid 2204 includes data representing the
number of probe signals sent by the network to locate the
mobile unit associated with the user ficld 2202. Field 2206
includes data representing the number of registration signals
received by the network from the mobile unit associated
with the user field 2202. Field 2208 includes data represent-
ing the number of messages from the network that have been
sucizssiully delivered to the mobile unit associated with the
user field 2202. Field 2210 may be used for other traflic
related data, such as data indicating the average traflic per
cycle. and data indicating l time average (ie. for the last
hour) traflie amount. .

Further. the tralflc database 200 could include fielck (not
shown) for data concerning overttllsystcm performance and,
in panicular, each zone in the network. Such area specific
trafic data may be useful in optimizing system performance
by allowing intelligent redefinition of zonal boundaries.
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d. The Service Queue

Database 2008 of FIG. 21} also includes a service queue
2300 as shown in FIG. 20. The service queue 230|!i1-teludes
a current messages queue and a probe list queue. The current
messages queue includes a system wide list of messages to
be delivered by the system. The current messages queue
includes. for example, a series of ID number fields 2302.
2304. and 2306 with associated data location fields 2308,
2311), and 2312. respectively. The data location fields 2308,
2310, and 1312 include pointers to the appropriate fields inthe user database structure shown in FIG. 2.1. The ID number
fields 1302. 2304. and 2306 include data indicating the ID
number of the user to which the message is to be delivered.

In operation. the central computer retrieves the ID number
Hill and data location 2308 Erom the top of the current
messages queue and retrieves the appropriate data from the
user database 2100 to proces and transmit a message to theuser.

The probe list queuc includes a ID number fields 231‘,
2316. and 2318 and data location fields 2321!. 23-22, and
2324 similar in form to those in the current messages queue.
The probe list queue contains a list of userswhictt the system
but previously attempted unsuccessfully to deliver a mes-
sage to. In other words. the users listed in the probe list are
oonsidcred to be "lost" by the system. The central computer
2002 then initiates a probe routine for the [D number 2314
and data location 23-20 located at the top of the probe List.

Aller ntcoessful execution of the probe routine, the lastlocation field 2304 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‘;
acknowledgment to the probe signal. Afier 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 base transmitters located near the
mobile unit.

Preferably, the network operations oenter gives priority to
the delivery of all messages in the current message queue.
and then sends probe signals In the users listed in the probe
list queue after delivery has been attepted for all messages
in the current message queue. lfthe message volume in the
current message queue remains high for an extended period
of Iirne. the network operations center preferably begins to
periodically send probe 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 queue. the network operav
lion center preferably lransmitslhree probe signals in every
cycle transmitted.

e. Base Transmitter Assignment List
The database 2598 of the network operations oenler also

includes a base transmitter database 24-00 as shown in E-‘IG.
24. The base transmitter database 2400 includes I zonal
assignment field 2404 for data representing 1 ‘none assign-ment sssociated with a base transmitter field 2403 in the
system. Also. a field 2406 for data representing the base
receivers in the transmitter coverage area. and a field 2-I-08
for other data associated with a base transmitter, are asso-
ciated with base transmitter tietd 2402. As can be seen in
FIG. 24. each base transmitter in the network has a base
transmitter held and associated delete as described above.

to oormat operating. munitions of the System With low
amounts of message trafic being transmitted, each base
transmitter will remain assigned to its particular znne.

ll}

30

SS

65

2.4
However, the systems and methods of the present invention
provide for dynamically changing the zonal asrdgnntents of
varimut base transmithers to improve information through-
put. These dynamic zone allocation concepts dynamically
reassign base transmitters to new zones generally based
upon the volume of messages transmitted during the sys-
temwide time interval. and more particularly based upon the
localized volume of mmages to mobile unis. in general.
dynamic atone allocation may be used to deliver messages to
mobile units in overlap areas {i.e. "zonal dithering"), or to
balance the volume of message Irafiic between zones.

FIG. 25 13 usefttl to explain these concepL;. Various base
transmitters. each designated as an “X." are dispersed
dtroughout a region ofspaoe shown in FIG. 25. Also, various
base receivers are dispersed throughout this region of space
2500. each being duignated 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 traffic operation conditions. As can
be seen. base transmitters 250Ii. 2508. and 2510 are located
near the zonal boundary of zone 3. and base [tlnsmitters
2512. 2514, and 2516 are located near the boundary ofzone
1. Ease receivers 2518 and L520 are located in an overlap
area 252]. between zones 1 and 2. As previously discussed.
mobile units located in this overlap area 2521 near base
receivers 1518 and 2520 must be communicated with during
the systcniwldc time interval because of the interference
created during lbe zonal Lime interval by adjacent basetransmitters.

During normal, low to moderate volume system
aperatiorts. the zonal overlap area 1521, i.e., interference
area. near base receivers 2518 and 2520 will preferably have
a small number of mobile units located therein. Thereliore.
communication with these mobile units will not significantly
consume system resources by occasionally communicating
with them during the systemwide time interval.

However. it the traflie volume from the overlap area 1511
near base receivers 23318 and 1520 increases, such as
because additional mobile units enter this overlap area 2521,
the handling of this trafic in the systcmwidc time interval
can significantly consume system resources For example,
communication with a large number of mobile units during
the systemwirle time interval may sigrtificanlly delay deliv-
cry of messages to units in this and other regions.

In this instance. the zonal boundaries are changed to
remove this high traflic region [re a zonal overlap area. For
example, system eficiency isrestored if the zone 1 boundary
were moved to dashed line 2521 and the zone 2 boundarywere moved to dashed line 2524.

The central ootnputcr 2002 may dynamically accomplish
this zonal redefinition by assigning one or more base trans-
mitters to a new zone to reduce sytttemwide time intcnfal
mermges in the present example shown in FIG. 25. the
central computer updates the base transmitter zonal assign-
ment list to reassign base transmitters 2513. 2514. and 2516
to zone 2 while removing these hose transmitters horn zone
1. ln view of this zonal edefiniliun, the new none 1 boundary
is shown by dashed line 2522. and the new zone 2 boundary
is shown by dashed line 2524. The high t.ra.tl'ic region near
base receivers 2518 and 2520 is now squarely within zone
1 and messages to these unis may be eficiently delivered
during subsequent zonal lime iuterval(s).

In accordance with the invention. a preferred ethod
1600 for aooomplishing zonal redefinition isshown in FIG.
26. In accordance with the method. step ZEILEE provides for
transmitting substantially simultaneously a first infonnation
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signal and a second information signal. the flrst information
signal being transmitted in simulcast by a first set of base
transmitters assigned to a first zone. and the second infor-
mation signal being transmitted instmulcast by aaecond set
of base transmitters assigned to a secondzone. For example,
as shown in FIG. 25, the base transmitters in zone ! defined
by boundary line 2502 could be the first set of base
transmitters. and the base transmitters located in zone 2
defined by boundary line 2504 could be the second set ofbase transmitters.

Step 2604 of the method provides for dynamically reas-
signing one or more of the base transmitters in the first set
of base transmitters assigned to the fizst zone to the second
set of base transmitters assigned to the second zone. thereby
creating an updated first set of base transmitters and an
updated second set of base transmitters. For example, base
transmitters 2512. 2514. and 2516 could be reamigned Emni
zone 1 to zone 2. As shown in FIG. 25. new zonal boundaries
would be defined by dashed lines 2512 for zone 1 and 2524for scone 2.

Step 2.605 provides transmitting substantially simulta-
neously a third infiorntation signal and a fourth information
signal, the third information signal being traitted in
simulcast by the updated flrst set ofbase transmitters and the
lourlh information signal being transmitted in simulcast by
the updated second set ofbasc transmitters. For en:-nplc. as
shown in FIG. 25. the base transmitters assigned to zone 1
defined by dashed line 252.2 (i.e. not inchtding base trans-
itters 2512. 2514. and 2516) could transmit during a
subsequent communication cycle a third information signal,
and base transmitters in zone 2 defined by dashed lint: 252-I
(i.e. including base tra n.smilters2512,2S14. and 2516) could
transmit a fourth information signal during that same sub-
sequent communication cycle.

Further. it is desirable that during the redefinition of the
Zonal boundaries. it is insured that the new overlap area
2515 near base receiver 2526 and between dashed lines 2522
and 2524 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 preferably redefined
to maximize information throughput by mirtimizing the rials
that must be transferred during the systemwide time in Icrval.
A network manager could review the overall traflic pallems
and tendencies to deten-nine an optimum redefinition of
zonal boundaries Of course. the central computer 2002
could also implement an algorithm accessing the trafic
statistics database 2200 to determine optimal zonal bound-
ary redefinition.

In a preferred embodiment in the instance where an entire
region is saturated with mobile units. such as a large
metropolitan area repetitive reassig-nments ofbase transmit-
ters may be used to reduce message trailies duringlhe
systemwirle time interval. There may exist on appropriate
overlap area, such as overlap area 1515. will: a low traific
level to facilitate a long term reassignment of base trans
mirrors with the resulting redefinition of zonal boundaries. In
this case. the preferred embodiment alternates between a
first and second set of zonal boundaries over each commu-
nication cycle and does not attempt to deliver messagesduring the systeonvidc time interval.

For ex: rrtple, in FIG. 25 this preferred embodi mom would
utilize the wonal boundaries defined by lines 2502 and 2504
during a first zonal time interval and would not attempt to
deliver memages to mobile units in overlap area 2521. ln ll
subsequent cycle, this preferred embodiment redefines the
zonal boundaries todashed lines 2522 and 2524 and delivers
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essages to the mobile units in previous overlap area 3511
during the zonal time interval using zonelbase lrattsmitters.
During this cycle, the network would not attempt |D deliver
memages to mobile ‘units in overlap area 2525. in yet a later
cycle. this preferred embodiment would switch back to
zonal boundaries 2502 and 2504 which would allow mesv
sage delivery to mobile units in the now previous overlap
area 251! during the zonal time interval using zone 1 base
transmitters. As can be seen. alternating between I tiral and
second set of zonal boundaries advantageously reduces the
need for communication during the systcmwide time
interval, but slows message delivery somewhat by only
allowing communication to mobile units to overlap areas
during zonal time intervals an alternating communication
cycles.

H. The Preferred System Communication Protocol
The system communication protocol is preferably a time

division protocol organized within repetitive oornmunicr
tinn cycles of preferably 30 seconds in duration.

The blocks of data transmitted by the network are pref-
erably formed bya bit interleaving prooessto prevent loss of
data during bursts of interference. Bit interleaving may be
envisioned as stacking two or more blocks of data (which
read from left to right), and then transmitting a bit stream in
a column-by-column. tap-to-bottom sequence. As can be
seen. a burst ol‘ 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
deinierleave the data prior to processing.

FIG. 21' generally illustrates a variety of preferred time
intervals which may variously be used for communimrioo
between the system and various sets and subsets of mobile
units. An adaptable schedule for these time intervals is
preferably generated. and may be t"€\«'iSed according to
system demands. 'l1re scheduling of the time intervals
advantageously allows a ‘mobile unit to “power down"
during inactive time periods when the mobile unit will not
transmit or receive any messages. thereby conserving bal-
tery power. Similarly. messages or information for delivery
to a subset of the Iota] number of mobile Itnils will prefer-
ably be transmitted during time intervals which minimize
the delivery of those messages or information to unintended
mobile units not included in the subset to fiirther conserve
battery power.

A preferred cycle protocol 2700 is shown in FIG. 2T{.-M).
The cycle protocol 2700 includes a cycle header time
interval 270:. a systernwide for-wand (FWD) batch time
interval 2104. a systemwide response tirne interval 2706. a
wnal forward (FWD) batch time interval 2708. a zonal
reverse time interval 2110, and a reverse contention time
interval 2712. Dllier arrangements, such as moving thesystewide reverse interval next to the zonal reverse inter-
val may be considered if transmitter turn on time is signifi-Cllll.

The cycle protocol generally schedules time slots for
syslemwide and zonal forward channel information transfer
from the network to the mobile units and forsystemwide and
zonal reverse channel infiornratinn transfer from the mobile
transceiver units to the nctvvorlr. Briefly. the cycle header
2792 held ‘includes overhead or “hnIrseker.ping"
iniormarion. the systernwidc forward batch ftclci 2704 and
the zonal fiorward hatch field 2713 provide forward oom-
munlcatinn capability through the base transmitters to the
mobile units in a systcmwide time interval and a :-anal time

 

Page 00057



Page 00058

 
5,915,210

27
interval, respectively. The systemwide rmpcnae field 2706
and zonal reverse field 2710 provide a return signal period
for the mobile transoeiverstn respond to messages generated
dtrring the systemwide and zonal forward batch pericm
2504 and 25-08, respectively. Finally. the reverse contention2712. field allows the mobile transceiver to initial: access to
the network.

Each of the fields shown, except the cycle header 2702
field. is preferably variable in duration. and may be changed
by the central computer ZIIIJZ. depending on message trailic
requirements. The beginning of the cycle is synchronized by
the central computer to a time standard and preferably
coincides with the start of minute or ball’ minute intervals.
Each mobile unit preferably includes timing circuitry. as
previously described. which allows for the mobile unit to
power up at. the beginning ofeacb cycle to receive commu-nication.

For each cycle. the central computer 2Dl)3 calculates the
amount of time required for each field to maximize inflor-
rnation throughput by the network. For example. for the
Cycle protoool 2700 shown in FIG. 2'l'(A), the central
computer will calculate the amount oftimt: nocrarsary for the
syslemtvide fonvard batch field 2704. the syalemwide
response irtT.erval1'J'06, the zonal forward interval 2708. the
zonal reverse interval 2710. and the reverse contention
interval 2712. The cycle header 2702 will preferably include
tinting olfset data which will indicate the timing ntfsel from
the cycle headcr until the beginning of the systemwide
response interval 2711-6, the beginning of the zonal forward
interval 2708, the beginning of the zonal reverse interval
2'l‘ll], and the beginning of the reverse contention interval271.2.

The cycle header 2702 starts preferably with an 8 digit
long preamble (not shown) for digit synchronization pur-
poses. The preamble allows for the mobile unit to synchro-
rtiae its timing circuitry with the network. For example, the
timing circuitry of the mobile unit could become clhrcl from
the ttetwora due to commonly caused inaccuracies. The
preamble is followed by a ‘start of headef string of Four
digits and all timing nlfsets within the cycle are calculated
as a number of predefined intervals beginning from the start
of the last header dig-it. The start of header string is followed
by an 8 digit string grouped into two words, each of which
is protected against errors by encoding it using tr forward
error correctitrg code. preferably a Base, Chaudhuri. and
Horxtuengbem (BCH) code or a Reed Solomon code. These
error correcting codes add additional digits to the informa-
tion digits in a code word. where the additional digits are at
specific function of the information digits. so that ii certain
common error events occur. adeooding step involving all of
the transmitted digits. both initbrmation and additional, can
recover the original information digits. The first code word
will contain a count of the current cyclca executed for that
day. The second code word will oontairt the necessary timing
oflfaets for the beginning of the time intervals in the cycle
protocol 2700. Further ioinrnaation regarding error correct-
ing nodes may be found in Gallagher, “lnilonatation Theory
and Reliable Communication,“ Wiley 1968, which is hereby
incorporated by reference.

The systemwide forward batch 2704 field generally
includes a zonal header time interval including overbcad
iltformalion and a series of 64 batches. Aka, the zonal
forward interval 2710 similarly includes a canal tteadertime
interval with overhead information and a series of :54
batches. Each batch is a su-ing of data oontaining informa-
tion specifically directed to a single group of mobile units.
Each batch preferably contains information directed to a
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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 r eceiver units Further, each
batch may contain several messages, each intended for
difierent mobile units within the particular class of unit to
which that batch is directed. Generally, FIG. 1T(B) shows
the forward batch interval protocol 2T5II preferred for both
the syslemwide fonvard interval 2704 and the canal forward
interval 2708.

The syslcnrwicle forward interval 2104 is preferably used
only for sending a probe signal to a mobile transceiver tlttit
which does not respond to mnal messages (i.e. a “lost” unit).
However. when necessary. the syalemwide forward interval
2704 may be used to deliver messages to mobile units
located in overlap areas. The ID number. or address, of the
lost mobile unit is preferably followed by data indicating I.
timing offset which is ta lime delay amount until the begin-
ning 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 a period
of tirne. could have mobile units that have received a prob:
signal respond during the reverse contention interval.

After the end of the broadcast on the systemwide forward
batch time lnlerval1?El4. all network base transmitters shut
down until the beginning of the zonal fnnvard batch timeinterval 2788.

The forward batch interval protocol 1150 includes a
forwarri channel header interval 2714 which includes data to
allow the tinting circuitry of the mobile units to synchronize
themselves with the incoming data stream. The forward
channel header 2714 also preferably includes data indicating
a timing ofiset scheduling a reverse channel lime interval for
each batch. as may be required. 0! course, the forward
channel header 2'.'1tt for the ayanemwide forward interval
2704 would indicate a timing ofisel for reverse channel
transmission during the systentwide response interval 27%.
and the forward channel header 1714 for the zonal forward
interval 2708 would indicate a timing oflsel for reverse
channel transmission during the zonal reverse interval 2710.

The forward channel header2714 further includes a data
stream to the mobile unit listing which of the 54 hatches will
follow and the timing offsets indicating when those batches
will be transmitted. Again. this feature advantageously
allows the mobile unit to "power down“ during the system-wide and zonal forward intervals 2704 and 2108 until the
appropriate time for receiving its batch inforrnatinn, thereby
conserving the battery power ofthe mobile uni|."l"he remain-
ing fields batch i 2720, batebj 2722. and batch It 2721 are
the individual batches directed to the mobile units.

11 t:bou.|t:l be understood that difierent classes of mobile
urtitscan follow difierent desirable batch protocols. depend-
ing on the type of service. processing power. battery
capacity. or other factors.

The individual batch prntctcol 2780 is shown in FIG.
2'l'(C}. The batch header field 1726 is similar to the header
fields discussed above lot‘ FIGS. 2‘I(A] and (B). The batch
header 2726 includes a list of particular mobile units to
receive messages within the batch and includes timing
ollscts indicating when such messages will be broadcast.
Further, the batch header 27% includes data indicating a
timing olfset scheduling a reverse channel interval in the
system reverse interval. the zonal reverse interval. or the
reverse contention interval. as appropriate. 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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pi-late time to receive or transmit the appropriate message.
Further. it is preferred that the reverse channel timing ofiset
data be transmitted using error correction codes to insure
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 unit may properly transmit a negative
acknowledgment signal if it fails to properly receive an
uneneoded message.

The individual message interval 2732 includes the iridi-
vidual message intended for a particular mobile unit or units.
The duration of each message and number of messages
within a batch may be varied by the network operations
center 600‘ and is trafic dependent.

Each mobile unit with transmit capability that has
received a message in the immediately previous syatemwideforward interval 210!» or the zonal forward interval 2708
will have an appropriate time slot for transmission scheduled
in the systernwide response interval 2‘l'Bl§. or the zonal
reverse interval 2710. respectively. The timing circuit in the
mobile transceiver unit determines the assigned time slot for
transmission. For example, if the mobile unit simply intends
to transmit an acknowledgment signal, which indicates that
the mobile unit has properly received the message from the
network, In 3 bit pnzamhir: followed by the address of that
mobile unit need only be lramitled and a 3 bit acknowl-
edgment. However, if a more extensive reply from the
mobile ll.l'lll is required. additional data could be transferred
during this time slot. in particular. long reverse meraages
could be scheduled in response to a request from the mobile
unit ncrll during the contention interval 2112, as discussedhereafter.

Due to the low power transmit capability of the mobile
transceiver units. there is an increased liloelihoocl of data
transmission errors for reply signals. The extended Golay
code for error protection may be utilized for reverse channel
messages from mobile transceiver units to the network.

The syslewide response interval 3706 and the zonal
reverse interval 2710 provide communication capability
from the mobile transceiver units to the network (Le. the
reverse channel).

Still further. a preferred embodiment accommodates
mobile terminals with extensive reverse message generation
capabilities (r:.g., it laptop mrnputcr connected to a radio
transceiver) by allowing for contention messages that
request extended reverse channel time for the trammission
t:-fa long reverse message. The reverse contention interval
2112 is located after the zonal reverse interval 3710 and
provides for unscheduled messages llron: the mobile Lttlil to
the network. For example, the mobile transceiver unit could
send a message to the nelworlr during the reverse contention
interval 2712 indicating that the user no longer wishes to
receive messages. thereby terminating service. Also, the user
could transmit a message to the network during the reverse
contention irIterval2‘.i'l2 indicating that the user now desires
to tocslablislt services and begin receiving messages from
the ncrwork. Furtlter, a “registration signal." which is dis-
cussed infra, could be transmitted during the reverse con-tention interval 2112.

The acvcrse contention interval preferably utilizes a
so-called “slotted ALOHA" protocol, which allows the
mobile unit to randomly select a predefined time slot within
the contention interval to transmit a message. A mobile
station wanting to transmit will first divide the contention
interval into slots, preferably 533 ms in length. and linen
choose randomly any of them to start transmitting. The

25

SS

30
slotted ALOHA protocol is preferred because of the low
likelihood of data "collisions" (Le. 2 or more mobile units
transmitting during the same time slot).

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

location of each mobile unit in the system in the user
database: 2100, it is preferred that each mobile transceiver
unit have the capability to "mgistef' with the network
operations center 600 by sending a registration signal to a
base receiver into the network to update the location data.

The mobile transceiver unil preferably registers by simply
transmitting its identification number to I base receiver,
which forward: this data and data representing the location
of the base receiver to the network operations center 600.

The mobile transceiver preferably registers upon crossing
zonal boundaries to alert the network operation center that
the mobile transceiver has left one zone and entered another.
For c:rarnple,tI'te mobile unit could receive information frnlin
the nearest base transmitter identifying which ‘con: thatbasc
transmitter is assiyted In at the beginning of each oommu-
nication eyele. Upon receipt of such information from a base
transmitter indicating that a nearby base transmitter is
assigned to a new none. the mobile transceiver then prefer
ably transmits a reg-istratiort signal.

The mobile transceiver unit may also transmit a registra-
tion signal in other desirable instances. For example, if the
mobile transceiver unit has moved away from the transmitter
coverage areas of the network for l period of time. the
mobile transceiver unit may preferably transmit a registra-
tion signal upon returning to a coverage area. The display
and storage logic 150E of the mobile transceiver unit pref-
erably recognizes that the unit has left the coverage area of
the network upon failure to roccive data from a base trans-
mitter in the network during the cycle header time interval
2702. for example. The mobile unit may leave the coverage
areaofa base transmitter of the network when the user takes
the unit out of the country, or enters the bmrnent of a
building, for example.

The mobile unit may also preferably transmit a registra-
tion signal when power is restored to the mobile unit alter
having power removed, such as after being nlrned olf by the
user. Of course. the power may be resulted to the unit by
replacing or recharging a dead battery. which may also cause
transmission of a rcgklration signal.

In generaL the network must balance Ihe need for frequent
registrations by the mobile transceiver units, and the desir-
able result of accurately knowing the location or each
mobile unit. thereby preventing the need for probe signals.
with the undesirable overhead costs of too frequent
registration, which sacrifices data throughput by utilizingvaluable transmit time.

In the preferred embodiment. the central computer 2002
of the network operations center 600 can achieve desirable
performance by implentenlittg one or more algorithms to
evaluate the need for registration by I mobile unit. and then
appropriately controlling the registration performance of
that mobile unil. if the central computer dclertnincs that
tegisrration of a particular rnohile unit is useful, than the
mobile unit preferably should receive a message from the
network to eause 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 mmsage from the network to cause the
mobile unit not to transmit registration signals.
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To implement this feature, the mobile transceiver unit
further preferably includes a regis1raIion flag (not shown) in
the display and storage logic section 15138. 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 1500 prevents any registration signals from beingsent.

‘Ihr. registration flag may be set or removed upon com-
mand from the network operations center by ttansrnlssion of
an appropriate signal from 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 the registration flag should be set. It should be
appreciated that the present invention provides two distinct
algorithms for implementing these registration concepts
depending upon whether the registration Bag is set or not in
the mobile unit (in. the state of the mobile unit).

FIG. 2-l(A] shows I flow chart describing a preferred
method 2800 for implementing the registration concepts of
the present invention wherein the registration feature of the
mobile unit is disabled. In step 2802. the network sends ti
message to disable the registration feature (i.t:. set the
registration bag to hero) of the mobile unit to disable the
mobile transceiver‘: capability to transmit a registration
signal. As can be seen. step 2802 determines the initial state
for the method set forth in FIG. 2B(A).

In step 2304, the network stores the number of probe
signals sent to the mobile transceiver during a firsl period of
time. and the number of 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 2200 of the
database 2008 is preferably used to store the number of
probe signals and successfttl messages for each mobile unit.
As explained hereinafter, these rwostatistis from the opera-
tion of the network are preferably used to determine whether
registration by the mobile unit is useful.

In step 2.806, the stored number of probe signals and
number of messages auooesshully delivered in prooessod 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-
cesses the stored number lof probe signals and messages
successfully delivered in accordance with the method set
forth in FIG. 29(A). I

To Referring now to H6. 29(A). therein isshown aseties
of subaleps which are preferably perfonnoti during the
implementation of the processing step 2504 shown in FIG.
2l'l{A). in particular. steps 2902 and 2904 are event driven
and only proceed to the next step alter an input has been
received by the networlt. step 290;’ determines if the net-
work sent a probe signal to a lost mobile transceiver unit and
ifa reply to the probe signal was received by a base receiver
in the network. If this event occurs. a counter (not shown) is
incremented by a value P by the central computer 2|ll2.

In step 2904. if a message was successfully delivered to
it mobile transceiver. preferably including an acknowledg-
ment signal return from the obite transceiver to the
network. the counter (not shown) in the central computer
2002 is decrernenlocl by a value D.

After the occurrence of either of the events tested for in
step 2902 or step 2904. the algorithm proceeds to step 2906.
In step 2906. if the counter value is greater than a prede-
termined valnn l, this indicates that the likelihood that a
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probe signal will be necessary to locate the mobile trans-
eeiver is greater than a selected value.

As can be seen. the process of substeps in FIG. 29(A)
balances the frequency of probe signals sent to a particular
uu.il against the number of succcssfillly 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 selling the registration flag on that mobile unit to enable
the registration feature. In contrast, if many messages have
been successfully delivered without requiring a probe signal.
it is unnecessary to enable the registration feature by setting
the rogistration flag.

In step 2808, a message is sent to the mobile unit to enable
the mobile lran5oeiver's capability to transmit a registration
signal if the calculated likelihood in step 2-804 exceeds I
selected value./ts can be seen, step 2803 preferably sets the
registration flag in the mobile transceiver unit.

FIG. 28(3) shows a flow chart describing a method 2810
for irnplcmenling the registration concepts of the present
invention wherein the registration feature of the mobile unitis enabled.

In step 2812, the network sends a mfisage to enable the
registration feature (be. set the registration flag to 1} of the
mobile unit to enable the mobile trttnsceiver's capability to
transmit a registration signal. As can be seen. step 13]}determines the initial state for the method set forth in FIG.
23(3)-

In step 2814. the network stores the number of registration
signals reocivod by the network during 1 first period of tune,
and the number of messages successfully dcliventd to the
mobile transceiver by the network during a second period of
lime. Preferably. the first and seamd time intervals are
identical. The traffic statistics database 3200 of the database
31138 is preferably used to store the number of registration
signals and successful messages for each mobile unit. As
explained Tbcroinafict. these two statistics from the opera-
tion of the network are preferably used to determine whether
the registration by the mobile unit is useful.

in step 3816. the stored number of registration signals and
number of messages successfully delivered is processed to
evaluate the likelihood that a registration signal will be
received by a base receiver in the network that will not he
used by the network to detennine a set of base transmitters
to be operated to transmit a message to the mobile trans-
ceive r. The preferred embodiment of the invention proeemes
the stored nuber of registration signals received and num—
ber of messages successfully delivered in aooordaooe with
the method set forth in FIG. 29(3).

Referring now to Fit}. 29(3). therein is shown a series of
sphsteps which are preferably performed during the imple-
mentation oftbe processing step 2.814 shown in FIG. 28(3).
In particular, steps 2912 and 2914 are event driven and only
proceed to the next step afier an input has been received by
the network. Step 2912 detertnineo if a registration signal
was received by a base receiver in the network. If so, a
counter {not shown) in the central computer 2002 is incre-
mented by a value A. In step 3914. if a message was
stlnccsafully delivered to a mobile transceiver, preferably
including an acknowledgment signal return from the mobile
trztnao.-.ivcr to the system, the counter (not shown) in the
central computer 2002 is decremented by I value M.

II should be understood that the munter refuted to Will:
regard to steps 2912 and 2914 is different then the counter
referred to with regard to steps 29412 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 implementboth counters.
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After the occurrence of either events in the atop 2912 or
step 2914. the algorithm prooeetk to step 2916. In step 29lti.
the process determines if the counter value is greater than a
pret'.lett:r|1'tiI:tt:dVallteT. The value ofTcat't be varied to meet
the needs of a particular network. Wltcn the counter value
exceeds T. it is indicated that the lilreiiliood that a 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 registration status for that mobile unit needs to
be changed to disable the registration feature.

in other words. the process in FIG. 29(B) balances the
frequency of registration signals sent by a particular unit
against the number of suooesfully delivered messages to
that unit. As can be soon, if the mobile unit sends a large
number of registration signals without the system using
these registration nignaltt, it would be useful to have the
registration feature on that mobile unit disabled. In oontrast.
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 transceiv-er's capability to transmit a
registration signal if the calculated lilreliltood in step 2814
exceeds a selected value. As can be seen, step 2813 may
preferably remove the registration flag in the mobile trans-ceiver unit.

Ofoourse. it should beunderstood that the variables R D.
and I used to FlG.29(A). and the variabtesA.M,a.nd Tuseo’
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 counters can be implemented with so-called
“reflective boundaries" so that if a counter reaches a mini-
mum Vlllll (e.g., zero). it will continuously reset to thatminimum value when Further decreotented.

[1 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.

Otltcr embodiments of the invention will be apparent to
those skilled in the art from consideration of the specifica-
tion and practice of the invention disclosed herein. lt is
intended that the specification and examples be considered
as exemplary only, with a tnte scope and spirit of the
invention being indicated by the following claims.What is claimed is:

1. Amulti-carrier simulcast transmission system fr trans-
mitting in a desired frequency band at least one message
contained in an information signal, the system comprising:

a first transmitter configured to transmit a first plurality of
carriersignals within the desired frequency band, each
of the first plurality of mrrier signals representing a
portion of the information signal substantially not rep-
resented by others of the first plurality of carrier
signals; and

a second transmitter, spatially separated liom Ilte fits!
transmitter, configured to transmit I second plurality of
carrier signals in simulcast with the lirst plurality of
carrier signals, each of the second plurality of carrier
signals corresponding to and represe nting substantially
the same information as a respective carrier signal of
the tits: plurality of carrier signals.

2. The [nulti-carrier simulcast transmission system: of
claim 1, wherein Lhc first transmitter comprises aplurality of
transmitters located in a first area, and the second transmitter
comprises a plurality of transmitters located in a secondarea. '
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3. The multi-carrier simulcast transmission system of

claim I. wherein the tits! and second plurslities of carrier
signals are evenly spaced within the desired Erequency hand.

4. The tnulti-carrier simulcast transmission syste of
claim 3, wherein the first and second pluralities of carrier
signals are spaced approximately every 3 KHZ, and wherein
the desired frequency band is approtrirnately 50 KHz wide.

5. The mutli-carrier simulcast transmission system of
claim 1. wherein each of the first and second pluralities of
carrier signals comprise eight can-tor signals

6. The multi-carrier simulcan transmission system of
claim I, wherein the lirst and second pluralities of carrier
signak include an identical number of carrier signals. and
wherein each carrier signal in the first plurality corresponds
to and is slightly frequency shifted 10-20 H: from the
respective carrier signal in the second plurality.

7. The mulli-carrier simulcast transmission system of
claim 1, wherein the first transmitter comprises means for
modulating the flrst 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. 'l‘hr:. muiti—carrit:r simulcast transmission system of
clann 1'. wherein the modulation schee isselected Eton: the
group including: modulated onion’ keying, binary frequency
shift keying. M‘ary firequency shift keying. and quadrature
amplitude modulation.

9. The mu1ti—oarrier simulcast transmission system of
claim 2. fttrtlter comprising:

a network operations center oonligured to generate the
information signal. the network operations center
including a receiver for receiving data input to the
network operations center. a database lior storing data,
a central computer oonnectod to the receiver and the
database for processing the input data and the database
data to generate the infortuation signal, and a satellite
upfinlr connected to the central computer for broadcast-
ing the information signal; and

a satellite fr receiving the information signal from the
network operations center and for retransmittjng the
information signal to the flrst and second transmitters.
wherein each of the tlrst and second transmitters com‘
prises satellite downlinlr means and base transmittermeans.

ll). in a multi-carrier simulcast trammission system, a
method for transmitting in adesited frequency band [a] at
least one rnemage oontained in an information signal. the
method comprising the steps of:

generating a fitst plurality of carrier signals within the
desired frequency band, each of the first plurality of
carrier signals representing a portion of the information
signal subnt anttalty not represented by others oftha first
pluarlity of carrier signals;

generating a second plurality of carrier signals within the
desired frequency band, each of the second plurality of
carrier signals corresponding to and representing sub-
stantialiy the same information as a respective carrier
signal of the firal plurality of carrier signals;

transmitting the first plurality of carrier signals from It litat
transmitter;

transmitting the second plurality of carrier signals from asecond transmitter in simulcast with transmiainn of the
first plurality of carrier signals from the tires transmit-ter.

11. The method of claim ll}, wherein the first and second
plunlities of carrier signals are evenly spaced within the
desired frequency band.
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12.. The method of claim 10, wherein the first and second
pluralities of carrier signals are spaced approximately every
3 Kl-la, and wherein the desired frequency band is approxi-
mately 50 l<.l-[2 wide.

U. The method of clliln 10, wherein the first and second
pluralitins of carrier signals each comprise eight carrier
signals.

1-1. The method of claim ll}. wherein the firat and second
pluraliries of carrier the first plurality corresponds to and is
slightly frequency shifted 10-20 H: from the respective
carrier signal in the second plurality.

15. The method of ciaim ll}, wherein at least one of the
lit-st and second pluraliljes of can-ier signals is modulated
according to a modulation scheme selected from the group
including: modulated onfoff keying, binary frequency shift 15
keyi ng, M'ary Ereque ncy shift keying, and quadrature ampli-tude modulation.

16. The method of claim 10, udrerein the step of gener-
ating the that plurality of carrier signals comprises ll1e
substep of modulating um first plurality of carrier signals 20
using a modulation scheme.

11. The method of claim ll}, wherein the step of gener-
ating I. second plurality of carrier signals comprises the
sul:-step uf modulating the second plurality ofcarrier signals
using a modulation scheme.

5

36
134 The method of claim ll}, wherein the step 01' gener-

ating a second plurality of carrier signals comprises the
substep of generating the second plurality of carrier signals
at fiequeneies slightly ofiser from the first pluralityofearrier
signals.

19. A mulri-uirrier simulcast transmission system for
transmitting in a desired frequency band at least one mes-
sage contained in an information signal. the system com

10 ptising:
means for transmitting a first piuralily of carrier signals

Within the desired frequency band. each of the first
plurality of carrier signals representing a portion of the
information signal substantially not represented by
others of the first plurality of carrier signals: and

means Eortransmitling a second plurality ofcarrier signals
in simulcast with the first plurality of carrier signals.
each of the second plurality of carrier signals corre-
sponding to and representing strbstantially I.he same
infiormation as a respective carrier signal of the firsl
plurality of carrier signals.

tittk
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"wE"T°HiS) ‘ CAMERON et al.

It is certified that error appears In lha above-lndenlifiad patent and that said Letters Palent Is hereby
corrected as shown below:

 
 
 

 

 
  

Claim 10. column 34, line 46. delete "[a]".

Claim 14, column 35, line 9. afler "carrier" insert therefor --signals include an identical
number ofcarrier signals. and wherein each carrier signal in--.
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T MMISSIONER FOR PATENTS 3'7
. ' Attorney Docket No. 0368i3.0U83—04000

Prior * o - Ication:
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. 071973.918
filed November 12, 1992 of Dennis Cameron et al. for A N_f_\T[ONWlDE
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. 07l973,9‘l 8
as originally filed on November 12. 1992.

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

3. [XX] A Preliminary Amendment is enclosed.

4. [XX] The filing fee 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<4)
Total Claims .13-20:_ T x$22.00
Independent
Claims 2- = x $ 78.00

Multiple Dependent Ciairn(s} {if applicable) +$250.D0

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.

 

Page 00067



Page 00068

  

  

9 [xx]

10. [ 1

11. [ 1

12 [xx]

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 deposi coount No. 06-0916.

Amend the specitica ' n -‘_ inserting before the iirst line. the sentence:

 

iii This is a continuatiotion Serial No. 07,973,918. filed
November 12. 199 .6. Rd‘. No. §.$"l'0.‘l-93

; 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 [ 1 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. FARABOW. GARRETT &
DUNNER. l..L.P.. Reg. No. 22,540. Douglas B. Henderson, Reg.

No. 20.291; Ford F. Farabow. Jr., Reg. No. 2fl.§30; Arthur 5. 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. 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. 26,331; Bruce C. Zotter. Reg. No. 27.680; Dennis P. 0‘Rei|ley. Reg.
No. 27,932; Allen M. Sokal. Reg. No. 26.695; Robert D. Bajefsky. Reg.
No. 25,387; Richard L. Stroup. Reg. No. 28.478; David W. Hill, Reg.
No. 28.220; Thomas L. Irving. Reg. No. 28.519: Charles E. Lipsey. Reg.
No. 28.165; Thomas W. Winland. Reg. No. 27.605; Basil J. Lewrls, Reg.
No. 28,818: Martin I. Fuchs, Reg. No. 28,508; E. Robert Yoches. Reg.
No. 30.120; Barry 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. Taytor. Reg.
No. 28.992: David M. Kelly. Reg. No. 30.953: Kenneth 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 B. Fordis. Reg.
No. 32.984: Barbara C. Mccurdy. Reg. No. 32,120; James K. Hammond,

in (country) is claimed under 35 U.S.C. § 119.
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Reg. No. 31.964; Richard V. Burgujian. Reg. No. 31.74-4;" J. Michael
Jakes. Reg. No. 32,824; and Allen M. Le, 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 correspondence to H NDERS .
EA&BOW, GARRETT AND DU NNER, L.L.P., 1300 I Street. N.W..
Washington D.C. 20005-3315. ’

16. [ ] Recognize as associate atlomey

17. [XX] Also enclosed is a Petition Under 3? C.F.R. § 1.4B(b}.

EEflf If any extension of time is necessary for the filing of this
application, including any extension in the parent application, serial no. O7l9T3,918
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 D_eposit Account No. 06-0916.
A duplicate Copy of this paper is enclosed for use in charging the deposit account.

F|NNEGAN_ HENDERSON. FARABOW,
GARRETT 8: DUNNER. L.L.P.

Q66i3°7-6@
Allen M. Le

Reg. No.: 37 059

Date: December 6. 1996
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 IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

ASSISTANT COM_MlSSlONE'R FOR PATENTS
Washington. DC. 20231

' Attorney Docket No. 036800083-04000
Prior Application:
Art Unit: 2611
Examiner: T. Le

SIR: This is a request for filing a

Continuation under 37 CPR. § 1.60 _of pending prior application Serial No. 071973.918
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 includingthe 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. 0Tl973.918
as originally filed on November 12, 1992.

2. [ ] "Cancel claims ' I '(Ati|east one‘ original
independent clairnmust be retained for filing purposes.)

3. {XX} A Preliminary Amendment is enclosed.

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

‘2’iaie”J“°' ‘3’E‘££‘°°' ‘5’”s‘%%‘%"‘”

Independent
Claims 2-3= x $ ':'8.00

Multiple Dependent Claim(s) {if applicable} ' +$250.00 '

Total = $770.00

. _ 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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‘IO.

11.

12.

[XX]

IXX]

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. 071973.916. filed
November 12. 1992.--

New formal drawings are enclosed.

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

Priority of application Serial No. . flied 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. FARABOW. GARRETT &
DUNNER. L.L.P., Reg. No. 22.540. Douglas B. Henderson. Reg.
No. 20.291; Ford F. Farabow. Jr.. Reg. No. 20.5.3.0; Arthur 5. 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. Hefter. Reg. No. 20.827;
Kenneth E. Payne. Reg. No. 23.098: Herbert H. Mintz. Reg. No. 26.691;
C. Larry O'Rourke. Reg. No. 26.014; Albert J. Santorelli. Reg. No. 22.610;
Michael 0. Elmer, Reg. No. 25.857; Richard H. Smith. Reg. No. 20.609:
Stephen L. Peterson. Reg. No. 26.325: John M. Romary. Reg.
No. 26.331; Bruce C. Zotter. Reg. No. 27.630: Dennis P. 0‘Reil|ey. Reg.
No. 27.932; Allen M. Sakai. Reg. No. 26,695; Robert D. Bajefsky. Reg.
No. 25.367; Richard L. Stroup. Reg. No. 28.4?8; David W. Hill. Reg.
No. 28.220; Thomas L. Irving. Reg. No. 28.619; Charles E. Lipsey. Reg.
No. 28.155; Thomas W. Winland. Reg. No. 27.605;-Basil J. Lewris. Reg.
No. 28.818‘. 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. 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 B. Fordis. Reg.
No. 32.984; Barbara C. Mccurdy. Reg. No. 32.120: James K. Hammond.

in (country) is claimed under 35 U.S.C. § 119.
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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 of the prior application.

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

15. [XXI ‘Please address all correspondence to FlNNEGAN. HENDERSON,
FARABOW. GARRETT AND DUNNER. L.L.P., 1300 I Street. N.W..
Washington, D.C. 20005-3315.

16. [ ] Recognize as associate attorney

17. [XX] Also enclosed is a Petition Under'37 CFR. § 1.48(b).

PETIT I if any extension of time is necessary for the filing of this
application, including any extension in the parent application. serial no. 071973.918
filed November 12. 1992, for the purpose of maintaining coperrdency 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 tees for such an extension to our Deposit Account No. 06-0916.
A duplicate copy of this paper is enclosed tor usein charging the deposit account.

FINNEGAN, HENDERSON. FARABOW,
GARRETT 3. DUNNER. L.L.P.

dicrfibiae  
Allen M.‘ Lo

Reg. No.: 37.059

Date: December 6. 1996
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A. Field of the Invention

The present invention relates to methods and systems for

5 .:providing two—way communication capability between a central

{network and a mobile unit over a relatively large area, and more

Iiparticularly to such methods and systems which allow for rapid

commdnication of large messages and efficient use of system

I IBSOHICES . n

10 1; E. Descrigtion of the Related Art

2' Conventional two—way portablefmobile wireless messaging
:systems often provide a variety of services to subscribers.

Conventional messaging systems in particular provide one-way

services using store and forward techniques to mobile receivers

15 carried by the subscriber. A fundamental goal of two—way

a;messaging systems is to provide a network of interconnected

;transmitters and receivers which provides sufficient transmitted

2 signal strength and receive capability to uniformly cover a

geographic region. some conventional messaging systems provide

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

unit.

However, such conventional systems often suffer from problems

associated with low system throughput, evidenced by slow message

__delivery and message size limitations and do not provide an

25 ézscknowledgment feature wherein the mobile unit transmits an
2 acknowledgment signal to the system to acknowledge receipt of the

FN“:;°;:;MwN§ message from the system. Generally,'systm throughput refers toFARABOW. GARRETT
B DLNNER

moo r I-'l£C'f_ M w .

was»-(moron Dc I000: ._1 _ 1I-aoz -oa--coo _-g
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1
. H '

l llthe-overall comunioation capability of a system as defined by.the_

! total amount of message data from the system to the mobile units

§§transferred by the system during a given period of time divided by
ijthe frequency bandmidth necessary to transmit the message data and

5 ;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

Eéportions of valuable frequency bandwidth to achieve acceptable

igsystem throughput rates.

10 5; simulcast technology in communication systems was originally

'ideveloped to extend transmitter coverage beyond that which could

;%be obtained from a single transmitter. Over time, however,

Eisimulcasting has evolved into a technique capable of providing

Eicontinuous coverage to a large area.
15 52 Generally, simulcast technology provides multiple

transmitters, operating on substantially the same frequencies and

transmitting the same information positioned to cover extended

areas. is shown in Fig. 1, transmitter 100 generally provides

'Ecoverage over area A, D, and E, transmitter 102 generally provides

20 !:coverage over area B, D, and E, and transmitter 104 generally

iiprovides coverage over area C. E, and ?. In some cases, the
E:coverage area of a first transmitter may be entirely enclosed

within the coverage area of another transmitter, such as in

building interiors and valleys. In areas where one (and only one)

25
._.... on-nccg

FINNEGAH. HENDERSON QFamnow, CAMLETT
abwmn

I300 I IIIIIINH. INISHINDIUN. D: 21360! _ A
I—20a—4D! moo

atransmitter dominates (e.g., areas A, B, and C in Fig. 1),

simulcast is effective because the other transmitters do not

significantly affect receivers in those areas.

30 5; ' -2-

........ 3...!"“‘
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l

1 However, in "overlap" areas D, E, and F shown in Fig. 1,
iwhere the signals from two or more transmitters are approximately

3;equal, problems can.arise because destructive interference'of

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

5 "Destructive interference occurs when the two signals are equal in

Qmagnitude and 180‘ out of phase and completely cancel each other.

;’while there were some successes, reliable design procedures were

ginot available.
. Attempting to precisely synchronize the carrier frequencies

10 %;of all simulcast transmitters does not overcome the problem1

‘sbecause points (i.e. nodes) at which destructive summing occurred

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

receiver can not receive the simulcast signal.

Deliberately offsetting the carrier frequencies of adjacent

15 i;transmitters can ensure that destructive interference does not

f=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 M2 signals or a few

‘parts in 107] render deliberate offsetting unnecessary. Further,
20 -imerely offsetting the carrier frequencies could not guarantee

iaoceptable quality demodulation because proper alignment of the

imodulating signals in time is also required.

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

Fig. 1 whengmodulating waveforms are synchronized and includes

25 Eicoverage boundary 202 from a first transmitter and a second
LAW Ofrrflll :

F1.‘-‘.\lECMJ. Hmosasou i
Fmusow. C-Mu\:1'r :_ { , _

“£3339 E transmitter." an egui-signal boundary 200 exists where the~signals
\ .. u w . _ ,

we-sn...ovsu. ac zoos: 5.1-20: we-‘coo '

an ._g'_ /—3--

transmitter coverage boundary 204 from a second adjacent
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from the first and second transmitters have approximately equal

signal strengths. A more realistic equi-signal boundary would

take into'account natural and man-made topography and propagation"

conditions, 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

2. In particular, Figs. 3 and 4 illustrate various aspectsFig.

of 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

Etransmitter 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 persoective 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 commercial 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

orevents high baud rate transmissions.

A time line representation of a signal 306 from a first

transmitter is shown in Fig. 3(a) and a signal 308 from a second

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

."' W--4 _

7'7.
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i
1

receiver located in an overlap area. Vertical dashed lines 300I

!represent baud intervals on the time axis. as can be seen from
J

3 Figs. 3(3) and (E), the signals 306 and 303 are frequency

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

5 3:306 and 303 are exactly in phase. As will be appreciated, the

i.timing shift between signals 306 and 300 must be small when

Fcompared to the baud interval shown in Figs. 3(a) and (B) since

I signals 306 and 308 are in synchronization. Of course, as the

iibaud interval decreases, the timing shifts will likely cause
10

  ignals 306 and 308 to be out of synchronization.

Figs. 3{C), (D). and (E) show the sumation of these two

i-signals 306 and 308 at an equi-signal boundary, such as boundary

§;200 in Fig. 2. Fig. 3{C) shows a composite signal 310 indicating

llthat the frequency information remains unchanged, Fig. 3[D] shows

15 ; a linear graph 312 of the relative phase difference caused by a

Eislight carrier frequency difference between the signals from the

i first transmitter and the second1transmitter. Fig. 3(E) shows a

Eicomposite amplitude signal 314. A noise threshold is indicated byE .l

fgtne horizontal dashed line 304 in Fig. 3(3).

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

§j314 dipping below the noise threshold 304 at an anti-phase

Egcondition 302 {e.g., when the relative phase angle is i 180°, as

E shown in Fig. 3(D}). As can be seen from Fig. 3{E}, theI I

':anti—phase condition 302 caused by the slight phase shift between

25 iitransmitter l and transmitter 2 will not cause any loss of data» 4-4‘ onion

gmwfimifligmnawiébecause the anti-phase condition persists for only a small portion
hLuow.cmnfi1 lg _

°°W““' ;;of the baud interval.I30!) I 513:0’. M W
HJSHINDTON. Dc 16003

a-:92--log man

30 '2 ./ .-5-
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The slight offset of the carrier frequencies between the

first 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 1 130° out of phase, the temporary dip in the amplitude

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

 

 

 
 

 "at worst. These errors can be counteracted with a conventional

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

wherein the signal'4D2 from the first transmitter is offset from,

10 or out of synchronization with, the signal 404 from the second

iitransmitter by a full baud. In particular, signal 404 lags signalI I

i402 by one baud interval. As previously discussed, the offset of
} .

[signals 402 and 404 may be caused by various timing shifts in the\

15 %:area. figs, 4(a) and {3} illustrate the extreme case where the

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

Edashed lines 400. As can be seen in Fig. 4(8), composite signalII
I

20 iidemodulation is impossible during those baud intervals. If the
,%baud interval were increased to minimize the effect of these1

|ltiming shifts, data loss would be less likely. Therefore, it canI

igbe seen that the baud rate at which good data transfer can be
H '

}jaccomplished is limited by the timing shifts between signals

25 iidelivered to receivers in overlap areas.: I

FIN.\JEc.\N,HE'NDERSONFM..-UIICW. CARREW
E DUN!-IERD I SIRE!-'7. N. N :

vi Incrou, DC I000! .I-aoz-40: noon 3
i

i
§
L

Page 00079



Page 00080

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

!modulation synchronization make it possible to obtain good data
5 K

I demodulation in a simulcast system. However, the baud rate

::limitation of simulcast systems is a significant-drawback and
5 limits system throughput.

An alternative to simulcast for wide area coverage is

éiassignment of orthogonal, non-overlapping subdivisions of the

7:avai1abls system capacity to adjacent areas. Subdivisions can be

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

10 _frequency in different time slots to adjacent areas), or in2

':freguency {e.g., broadcasting the information simultaneously on

fidifferent frequencies in adjacent areas). There are several

éfproblems with such orthogonal systems, however. first, orthogonal

ffassignments require tuning the receiver to the assigned frequency

15 :.or time channel for the area in which the receiver currently

resides. In the broadcast services every traveler has experienced

lithe frustration of finding the correct channel for their favorite

Elprograms. simulcast operation avoids the need for scanning and

§§re-tuning as the mobile unit moves between areas. Such scanning
- fl

Eiand re-tuning also disadvantageously increases mobile unit powerI .I
I
!

20

' consumption.

_ Second, and more serious, the orthogonal assignment approach
H

yidrastically reduces the system throughput capacity as measured in
ignite per H2 because anywhere from 3 to ?, or possibly more,:1

25 gjorthogonal assignments are required to obtain continuous areayaw 9.-mc cl

:Nmcm_mN“uDu,;coverage in most conventional orthogonal systems. This waste of
F.-wuow. canurr 5 .

5°W““ .capacity is somewhat recouped if the same information is not1300 I 3Ti!IT.Kw IImanmqrcu, cc 3000: 5 :
I-20: £€JG"°°° _.:

30 ('1' - 7 -
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wi

1 :- needed throughout the service area because a given piece of
  

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

Conventional cellular radio service is a typical example of

i;an orthogonal system. In cellular, the same frequencies are

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

itransmitted to different mobile units. an example of three

'gcel1ular arrangements is shown in Fig. 5 where the number of cells

:§(N) is equal to 3, 4, and 7. Each cell (i.e., A, b, C, . . .) in
Eéconventional cellular service usually only includes a single

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

giwithin the communication protocol. As shown in Fig. 5, cellular

égservice generally locates transmitters utilizing the same division

;E(a1l the "A" transmitters] far enough apart to reduce the

-:likelihood of interference between such transmitters. As the
15 .?number of cells increases, the likelihood o£.interference

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

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

::about 8 cell width, with N=4'in arrangement 502, the distance
éibetween the coverage areas of "A" cells is slightly larger, and

20 giwith N=7 in arrangement 504 the distance between "A" cells is

Eilarger than the width of one cell.H

ai However, as the number of_cells increases, the length o£.the

i individual time intervals per cell decreases for time division

fimultiplexed systems, thereby decreasing the systems total-11

25 iiinformation transfer. In frequency division systems, more cellsn

Efundesirably increases the-frequency bandwidth required.
|-AV!‘ O'Neil

FINNEIZAN. HENDEHON
Fan.-mow. C.-\RR£‘rT

E DUNMER
I390 | $I'I'lE‘._-. M. W

vuaswlufllfilhl, DC 3005!
V-IDZ I0!'4DO°

herefore, system throughput in bits per Hz is decreased as the-
 

30 "("3 — B —
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1 ;:number of cells increases. Furthermore, cellular systems often

require an electronic "handshake" between system and mobile unit

to identify the specific_ce1l {i.e. transmitter] in which the

: mobile unit is located to allow capacity reuse. I

5 ill. 5 Y OF THE INVENTION
The systems and methods of the present invention have a wide

5—variety of objects and advantages. The systems and methods of the

gipresent invention have as a primary object to provide a  
ifcommunication system with wide area coverage and high message

l0 :_throughput while minimizing frequency bandwidth usage.

E? It is an object of the invention to provide a simulcast

'communicetion 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

3 communication integrity.

Yet another object of the ihvention is to provide a mobile

iétransceiver unit which prevents unnecessary RF interference,
:.particularly on commercial aircraft. .

20 3: Still further, it is an object of the invention to provide a

zone based comunication system which may dynamically redefine

zone boundaries to improve information throughput.

Another object of the invention is to provide a zone based

'i5imulcast comunication system which can effectively communicate
25

Law nvvlcul
Fmuzcaw. Heuomscu

Fasusoev. canasrr 3.:
“°W"“ *:overlap areas between two or more zones.moo I amstr. u v- -..;

-us»--uu'I'oI-\. cc I000! -, _n-aoa—-as-Aooo I ;

 
so -9-
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I

1 3! Additional objects and advantages of the invention will be
1'
§'5et forth in part in the description which follows, and in part

Eéwill be obvious from the description, or may be learned by

fipracticing the invention. The objects and advantages of the

5 :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

10 _ j.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

15 ::comprising the steps of (a) generating a system information signal

iéwhich includes a plurality of blocks of information,

ifi{b] transmitting the system information signal to the plurality of
;:transmitters, {c} transmitting by the first and second sets of

. jitransmitters a first block of information in simulcast during the

20 figfirst time period, (d) transmitting by the first set of

_%transmitters a second block of information during the second time
Iaperiod, and (e) transmitting by the second set of transmitters aJ

githird block of information during the second time period.

ii In another embodiment, thelinvention is directed to a
25 5§multi—carrier simulcast transmission system for transmitting in a

Hm&E;f;:;KmN;ide$ired frequency band a message contained in an informationFmunow, C‘..uuu.r'r :5 .
3DW““ :;signal, the system comprising a first transmitter means forI305 I S?IIlT.MW' '_I ‘

iVk:HlMD'fOn‘ DC aooos J II-Zclz-£08-IOD0

30 _ H-10-
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M

l ggtransmitting an information signal by generating a first plurality
,:of carrier signals within the desired frequency band and by

§:modulating the first plurality of carrier signals to convey the
-éinformation signal, and a second transmitter means, spatially

5 separated from the first transmitter, for transmitting the

‘information signal in simulcast with the first transmitter by

E‘generating a second plurality of carrier signals at substantially

the same frequencies as the first plurality of carrier signals and

3 by modulating the second plurality of carrier signals to convey

10 1-the information signal.

In another embodiment, the invention is directed to a

3,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

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

1 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

iiof (a) transmitting a message signal by a base transmitter

20 :?servicing a zone where the mobile transceiver was last known to be

_%located, (b) transmitting a systemwide probe signal by a pluralityI
I

iof base transmitters servicing a plurality of zones if the mobileI

iitransceiver does not indicate receipt of the message signal from

l.the base transmitter, (c} receiving the regional probe signal by

25 ::the mobile transceiver, (d) transmitting an acknowledgment signaluw o-rue :-
H

FWNu“"H“DnmN?jby the mobile transceiver in response to the received regional
Faauoow. Cmnsrr :5 : .

5°W““ - probe signal, [e] receiving the acknowledgment signal from thelace I era:-:v_ in u.
nus»-moron. er. zooos - ::10: 40-: noon '

:; I '-""\____ _

30 ;; _ 11
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H1.‘

ii
H

1 % mobile transceiver'by a base receiver, and (f) updating the data
E to reflect the zone of the base receiver that received the

acknowledgment signal as the last known location of the mobile

iftransceiver.

5 "E In yet another embodiment, the invention is directed to a

_§method of communicating messages between a plurality of base

;itransmitters and mobile receivers within a region of space divided

iginto a plurality of zones with each zone having at least one base
iitransmitter assigned thereto, the communication method comprising

10 Egthe steps of (a) transmitting substantially simultaneously a first

Eéinformation signal and a second information signal to communicatei .

Wmessages to_the mobile receivers, the first information signal

fibeing transmitted in simulcast by a first set of base transmitters
%assigned to a first zone, and the second information signal being

15 fitransmitted in simulcast by a second set of base transmitters
}assigned to a second zone, (by dynamically reassigning one or more

Fof the base transmitters in the first set of base transmittersW

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

;assigned to the second zone as a function of the messages to be

20 flcommunicated in an area, thereby creating an updated first set of
: i ’

ase transmitters and an updated second set of base transmitters, 

 

 

nd (C) transmitting substantially simultaneously a third

nformation signal and a fourth information signal, the third

Ednformation signal being transmitted in simulcast by the updated

25 ifirst set of base transmitters, and the fourth information signal1

FiN:~lEl:A.\l. Hsuoauon
F.-uumow. Canaan _ _,

8 DUNNER E 5I505 I ST#!l'I', N W .

3r ,....a-:o.«,ac coco: '-
I-ZOi'4D5'Il)OD

"“°”‘“ Ebeing transmitted in simulcast by the updated second set of base
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‘ ?I.\IN acme. HsuusnsowFauunow‘. Gauum-r ,-

1 V

g~ In another embodiment, the invention is directed to a mobile

1 transceiver unit for transmitting messages to and receiving

5 messages from a network comprising input means for allowing the

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

':transmitting a radio frequency signal including the user message

igfrom the mobile unit to the'network, receiver means for receiving

giradio frequency signals having a message from the network, signal1

10 gjdetector means for detecting at least one type of electromagnetic

'Esignal generated external to the mobile unit and the network, and

gia circuit, connecting the signal detector means to the transmitter

igmeans, for disabling the transmitter means upon detection of the

jéelectromagnetic signal, thereby preventing unwanted radio

15 ffrequency transmission.

In another embodiment, the invention is directed to a

:;communication method for controlling a mobile transceiver which

éimay communicate with a communication network controlled by a.

Zicomputer, the network including a plurality of base transmitters4

20 - jifor transmitting messages from the network to the mobile

 ransceiver and base receivers for receiving messages from the

'[mobile transceiver, the mobile transceiver being capable of

ending a registration signal to be received by a base receiver in 
5

H.
‘.- plurality of base transmitters in the network being capable of

the network to identify the mobile transceiver's location and the
25

um D"I|=lI

gésending a probe signal to the mobile transceiver to cause the

5°W““ imobile transceiver to transmit a signal to a base receiver touses I cello: u w. ‘mama-era-.oc zooos ;-.-zO2-AG5‘4fl-OO \,

30 ;i ‘ -.- 13 -
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=1identify its location, the method comprising the steps of 
;§(a) sending a message from the network to the mobile transceiver

é;to disable the mobile transceiver's capability to transmit a

iiregistration signal, (b) storing the number of probe signals sent
5 ;by the network to the mobile transceiver during a first period of

‘time and the number of messages successfully delivered to the

jémobile transceiver by the network during a second period of time,

:é(c) processing by the computer the stored number of probe signals

uéand number of messages successfully delivered to evaluate a
10 ;jlikelihood 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

‘Etransceiver's_capability to transmit a registration signal if the

‘jcalculated likelihood exceeds a selected value.

15 _: Finally, in another embodiment,.the invention is directed to

-Ea communication method for controlling a mobile transceiver which

‘may communicate with a communication network controlled by a

iicomputer, the network including a plurality of base transmitters
I for transmitting messages to the mobile transceiver and base-. '-

20 iéreceivers for receiving messages fro the mobile transceiver, the

;imobile transceiver being capable of sending-a registration signal

Eéto be received by a base receiver in the network to identify the,

ffimobile transceiver’s location, the network using received

registration signals to determine a set of base transmitters to be

25 ';operated to transmit a message to the mobile transceiver, the

=ww;m:§:;eDN3§method comprising the steps of (a) sending a message from themtuow. Canaan ' ‘ -
SDWWH *;network to the mobile transceiver to enable the mobileI335 I 51955‘. M W. ‘

vM§nINOYON. at IOU0! ~
1-ml--as «coo '

30 ; E-¢ ~ 14 -
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transceiver's capability to transmit a registration signal,

{b} 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

Lgthe stored number of registration signals and number of messages

lgsuooessfully 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

Edesoription and the following detailed description are exemplary

20

 

25
....... arm:n

flMNEcAN.HENbiksDN
F.sa.Anr.‘u'. Canazrr

En Dwnev.
moo 1 snurv. u. w

mgmm,-.1ou, or soon: = II 202 ‘Dd-AODO

30

“and explanatory only and are not restrictive of the invention, as

claimed .

III. BRIEF DESCRIPTI N F THE DRAWIN 

The accompanying drawings, hhich are incorporated in and

constitute a part of this specification, illustrate several

embodiments of the invention and together with the description,

serve to ::5l3in the principles of the invention.Fig. is a schematic diagram of an arrangement of simulcast

transmitters; 3 I

Fig. is schematic diagram of uniform smooth earth

propagation

Fig. 3 is a schematic diagram of synchronized modulated

wave forms ;
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1 Fi:;/5,Ls’§’sohematic diagram of modulated waveforms offset afull ha :1; I

5

10

diagram of an onloff 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 mobile receiver;

25
LAW alflcli

F:.\n~Iec..w, Hzuosuou
Fausow. C.I\J.P.E1'r

5 DLINHER
‘:09 I STREET. N. “K.

WIS!-IKNOYON. DC 2000!
4 -10! 405-1000

store a‘ forward feature;

30 "Tn" ,-- 16 -
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:IV. DESCRIPTION QF THE PREFERRED EMBODIMENTS

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. ggerview of The System Hardware

rig. 6 shows an overview of the major elements of a preferred

‘ comunication system according to the present invention. As shown

10 :?therein, the communication system includes a network operations

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

§.path 604. A satellite uplink is used to provide data to satellite

‘:606. Satellite 606 redirects the received data to several

iisatellite downlink stations including station 508 and station 610.

15 :' Conventional satellite technology allows for nominal data transfer

::rates of 24 M bits/second. Further, conventional satellite
'itechnology allows for accnrate delivery of data to stations 608

%;and 610, which allows for precise synchronization between the

iésignals broadcast in simulcast by the stations 60% and 610. It
':should be understood that stations 608 and 610 may optionally
H

g'receive identical data, or may individually receive different data

20

;:simultaneously from the satellite 606..11.

§§ Satellite downlink stations 608 and 610 are connected to

éispatially separated base transmitters 612 and 614 via data paths

25 i€6l6 and 618, respectively. Base transmitter 6&2 is connected tor

;wN;:;fi;$uflNj§antenna.62O, and base transmitter 614 is connected to antenna 622.Faunuow. GARRETT I A _ _
3°W““ E;Preferably, the base transmitters of the prssent.system have ause : smarr. u -1 I_ms-ma-rou. or zoooa _ ;n-we 495-4005

30 ' 13 —1: ;
1
E
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1 power output capability of about 350 watts, which will provide an

effective transmitter coverage areadpf several tens of miles. 1En

AithWWmT1RflT1Hfi%#F4n—¥égT‘fT“eucg zone preferably includes

multiple transmitter stationsgas eill be evident from the

I.I

. I ;|fo.'|.1owing discussion.’ !
Mobile unit 624 is connected to antenna 626 and, in the

preferred embodiment, is a small, ortable unit ca able of beinI _ P P 9

t carried easily by a user and therefore is similar to conventional
5 pagers in those aspects. More preferably, the mobile unit has

10  both receive and transmit capability, with a nominal transmit 
power output of about 1 watt.

! The Communication system includes seueral base receivers 628,

30, 632, and 634 each connected to antennas 636, 638, 640, and6

642, respectively. Base receivers 623 and 630 are connected to a

15 lregional station 644 via data paths 646 and 648, respectively.
Base receivers 632 and 634 are connected to regional station 650

: via data paths 652 and 554, respectively. Base transmitters 612,

i 614 preferably have a large transmit power output capability to
E provide coverage to the mobile unit in areas to which

20 communication is typically difficult, such as building interiors,

and to extend the coverage area of each transmitter. An

I appropriate number of base receivers should be dispersed

throughout the geographic area to reliably receive the signals

lfrom the mobile unit. Due to the difference in output power
II

25 between base transmitters and mobile units, an overall ratio of 10

FmH“M"J*N“noN base receivers to 1 base transmitter may be appropriate, and the 2Fmvuow. GARRETT
5 DUNNEK

moot as-nor. u w
WKUHINOYDW. CC IDDO5
30-zoz-nos-moo

I

\_..w gurus‘; I1

.a__.__.__.__..._..____..
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1 to 1 ratio shown in Fig. 6 is merely shown for ease of

illustration .

Regional station 650 is connected to the network operations

-center 600 via data path 656 and regional station 644 is connected?

5 to the network operations center 600 via data path 653. The data

paths E56 and 658 preferably include low cost phone lines, but may;

. 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. 5 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 634,

regional station 650, and mobile unit 524. Zone 2 includes base

transmitter 612, base receivers 628 and 630, and regional station

: 644. Dashed line 650 only roughly defines the boundary between

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

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

range of both transmitter fi14.should at least cover the region

above dashed line 660, and preferably should extend somewhat below

dashed line 660. 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
LAID! arnccl

rrrmscaw, Htnosuou
FJ.R.r\5OW. CARRETT _

5°W"“ vicinity of dashed line 660.‘Baa I QTRCET. N VIA. _

WASHFNflTOM_ Cf. I000! EI10! -405-‘O00

be seen, an overlap of transmitter coverage may occur in the

30
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Referring back to Fig. 2, it can be seen that boundary 202

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

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

In Fig. 6, dashed line 560 is drawn near the may be defined as the,

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

10

S l equi—signal boundary between base transmitter 614 and base

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

located near the dashed line 660, and possibly in an overlap area

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

base transmitters 612 and 614 are broadcasting identical signals

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

15 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

will likely be difficult for a receiver located in the overlap

20 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

25 interactions of the elements of the communication system when
LIW OPWGII

FINN scam. HENDERSON
F.-ntuow, GARRETT

B DIJNNEIL
I350 l Il'flIC\‘_ M W.

vuan-twtnuu, Dc IDDDS
I-lo! -we-aooo

1

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

invention, a oreferred method T00 of this interaction is shown in

30

I

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

Fig. 1. Network operations center 600 generates a system

information signal of several blocks of information as shown in

 step ?02. The blocks of information include an electronic message

to be delivered to the mobile unit 624.

 
,l In step 704, the system information signal is transmitted toI

the base transmitters. In particular the network operations

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
Eland 610. The data received by satellite downlink 608 is provided
|lto base transmitter 612 through data path 616, and the data
I. . p .
i received by satellite downlink 610 is provided to base transmitter

I 514 through data path 618.
1! At this point, the exemplary comunication system shown in
E Fig. 6 may transfer the message to the mobile unit during one of
E two time intervals. In the first time interval, both base

E transmitter 612 and base transmitter 614 transmit data via antenna
520 and antenna 522, respectively, in simulcast to be received by

mobile unit 624, which corresponds to step 706 in Fig. 7. This
I

I first alternative may be useful to deliver the message if, for
1 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 message data to mobile unit 624

and base transmitter 512 transmits another block of information,

which corresponds to steps T08 and 710 of Fig. T. This second

_ 22 _
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1 alternative may be useful if, for example, the mobile unit 524 is

known to be located in zone 1 and out of range of base transmitter;

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

time interval is advantageous because during message delivery to

the mobile unit 624 by base transmitter 614, base transmitter 612

could be delivering a different message to a different mobile unit

lignot shown). As can be seen, this second alternative would
increase information throughput and system efficiency.

1‘)? the mobile unit 524 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 if antenna 640 is located closer

15 E 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 550 through data path 652. The

i regional station would then provide the return signal to the
network operations center'6OO through data path 656 for further

20 processing as appropriate. It should be understood that a return

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

25 I message, it can generate and broadcast a negative acknowledgeI
new CIFFIEIQ
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signal. The negative acknowledge signals when delivered to the‘
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1 network operations center 600, indicates that retransmission of 5

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

U1 v 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.;

10 Further, it is envisioned that the present system could

advantageously support a large number of zones to_cover a wide

geographic area.

B. Overview of the Zonal Simulcast goncepts

The preferred systems and methods of the present invention

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

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

I

15 g variously use simulcast techniques within individual zones and

!

I transmitters. The network operations Center 600 assigns each base

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

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

612 is assigned to zone 2 by the network operations center 500.

To maximize information throughput, the systems and methods of the'

use of simulcast techniques.

25 In general, the comunication system of the present invention
LAM Dlflfilfi

FIN:-Ir.cAN. Hzwosasor-I
F.-xmsow. CAMETT

a Dunner
I300 I 3Y£C€'|'. n ml.

wsfiv-A!NGYOM_ DC 20503
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l

, present invention dynamically control zonal assignments and the
I operates by repeating a communication cycle to achieve desired

 information transfer, which is more fully discussed infra. The

39 I . '3--.:- 24 _
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H 1

E5
I

1 communication cycle is divided into a systemwide time interval andi1'

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

transmitters from at least several zones are operated in simulcast:

to simultaneously transmit identical information to a large é
geographic area. It should be understood that the systemwide_time;

m .erely two or more zones. 1

I

II

E
Q
!ti Broadly speaking, the communication system need not know the
: location of a mobile unit to transmit to it during the systemwide

E time interval. Therefore, the systemwide time interval can be L
10 1 used to send a "probe" signal that requests a particular mobile

l unit to broadcast an acknowledgment signal to allow the system to
I determine its approximate location by determining which base

receiver receives'the acknowledgment signal. Probe signals,

15 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

;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

25 7 to “reuse” identical frequencies in adjacent zones. Furthermore,
LAW an-cu

 
t

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

q
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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;

comunicate with the mobile units in the zonal time interval 
i 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

number of mobile units in a short amount of time. Accordingly,

communication during the systemwide time interval should be

minimized because message transmission during this interval

I

!|'

l

I
llrequires a large amount of system resources be dedicated to that
{ message.
i For mobile units located near the boundaries between zones

I where interference is likely during the zonal time interval, good
'|communication capability can be achieved for these units during

i 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

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

Junit being located in a weak signal area within a zone. In these

-25 -'
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1 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.

I Alternatively; the network operations center may determine

; from the probe signal that the mobile unit is simply located in aI

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

l message to be retransmitted in the appropriate rzone without again

using a portion of the valuable systemwide time interval.

I

1 0 .
\this case, the network operations center preferably causes the
r

E
10 | In accordance with the invention, a preferred method 800 for

| sending a probe signal is shown in Fig. 8. In step 302, a message
I signal is transmitted by a base transmitter servicing a zone whereI II‘ the mobile transceiver was. last known to be located. In

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

15 Eldeliver a message to the mobile transceiver.
II If the mobile transceiver does not indicate receipt of the
1 message signal from the base transmitter transmitted in step 802,  the network assumes that the mobile transceiver has not received

I .

20 ' transmitters servicing a plurality of zones in step 804. The

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

mobile transceiver receives the probe signal in step 806.

l Upon receipt of the probe signal by the mobile transceiver,
the mobile transceiver transmits an acknowledgment signal in step

808. A base receiver receives the acknowledgment signal from the

25 mobile transceiver in step 810.

FIE-FNECAN. HENDERSON
FAR./u1o\v. C.a\1u:E‘r'r
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1
1

_.__.,..___
1 Finally, the data, such as the last location field 2104 shown:

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.

C. The Multi—Carrier Mogulation Transmission Format5 H

II 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 be described. In

|1general, a multi—carrier modulation format envisions the
10 n simultaneous transmission of several closely spaced carrier

1 frequencies within a desired frequency band, each individuallf

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

15 below the baud rate limitations of simulcast transmission

techniques.

Fig. 9 shows a frequency reoreeentation 900 of an eight

carrier modulation format. Carrier frequency 902 is shown with

side bands 904, carrier frequency 906 is shown with side bands

20 ',90d, carrier frequency 910 is shown with side bands.9l2, carrier

frequency 914 is shown with side bands 915, carrier frequency 913

is shown with side bands 920, carrier frequency 922 is shown with

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

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

25
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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

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

Dashed line skirts 934 and 936 represent minimum frequency roll

ll off levels, such as may he required by Federal CommunicationIi ,

Commission regulations, to prevent overlap interference into

10 3 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

5' be greatly.increased, while keeping the baud rate within

15 T. acceptable ranges for simulcast transmission. It should also be

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

20 ' 5 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

25 individually modulated to convey a data stream. The followingLAW ovnggp
Fxrmscam. Hm-oeuou

Famnow, GARRETT
a Durmsn
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will discuss alternative techniques for modulating a plurality ofI

i
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I

1 carriers in accordance with the systems and methods of the present}1.

I invention.

E 1. Mogulated Ongoff Keying

Perhaps the simplest modulation scheme conceptually is

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

I 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 1003 generating

frequency P4, and frequency generator 1010 generating frequency

Fn. As shown in Fig. 10, the MOOK modulator 1000 may include any

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

E,frequencies are preferred, as shown in Fig. 9:

15 The output from each of the carrier frequency generators 102,

IEIO4, 105, 108, and 110 is applied to a plurality of respective
iswitches SW1 E12, SW2 B14,'SH3 816, SW4 810, and swn 820. The

output from each switch is provided to a combiner 1022.

Each of the switches SW1 812, SW2 314. SW3 816, SW4 818, 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-hit binary word. Each

carrier frequency transmits a binary "one" if the respective

25 switch is closed and a binary "zero" if the respective snitch is
..« 9"-cal

FIN!-IECAN. Hwoaasow oyen 'F.\R.A8CNY_ G.-xann-r
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i

1 The summer 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 multi~carrier modulation scheme including

"I
ifrequency shift keying {FSK) techniques may be implemented by the

lmodulator shown in Fig. 11. A frequency shift keying modulator

_!l100,includes a first frequency source 1102, a second frequency
source 1104, a third frequency source 1105, a fourth frequency

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

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

15 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

and frequency control signal n to modulator 1120. In binary

20

!

} signal 3 to modulator 1116, frequency signal 4 to modulator 1118,

H ‘ 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

25. produce an output signal.
._... on-neg:
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1 _3. M'agy Frequency Shift Keying Modulation

A modulation scheme related to binary frequency shift keying

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

modulates three or more different frequencies onto the respective

carrier signals. In quaternary frequency shift keying, for

example, two bits of information may be instantaneously conveyed

I on a single carrier frequency. Similarly, B’ary frequency shift

-keying may instantaneously convey three hits of information per

i .

10 . Referring again to Fig. 11, M'ary frequency shift keying may '
lbe implemented by providing modulators 1112, 1114, 1116, 1113, and
1 1120 with the capability to modulate M different frequencies onto

the carrier signal. Accordingly, the various frequency control 
15

'.I

E
itsignals must provide data indicating which of the M frequencies is
Elto be modulated onto the carrier signal. For example} inI

EJ
I

four different frequencies are to be modulated onto the carrier

Efrequency.

20 The summer 1122 combines the modulated carrier frequencies to

produce an output signal.

4. ggadrature Amglltude Mglti-Qarrier Modulation

Yet another alternative modulation technique for a

-multi—carrier transmission format is shown in Fig. 12. A

\generator 1202, a second quadrature carrier generator 1204, a
i

25 quadrature modulator 1200 includes a_first quadrature carrier
LIEU arnggg
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ethird quadrature carrier generator 1206, and a fourth quadrature
n-ac:--on--ace
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1 carrier generator 1208. As is well known} quadrature modulators

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

iquadrature carrier signal that is +/— 90° out of phase with

; reference to the in—phase signal. Of course, any number of
I
.
I
i

1'.

quadrature carrier generators could be envisioned, depending upon

idata transfer and throughput needs. Fig. 12 shows four quadratureI

I

I

i

I modulation may preferably reduce the width of the frequency band
I

carrier generations which effectively correspond to eight unique

modulator signals. Therefore, quadrature amplitude mu1ti—carrier

10 [necessary to achieve a desired data transfer rate.
Each quadrature carrier generator 1202, 1204, 1206, and 1208'

receives a control signal from a control logic system (not-shown)

Flwhich provides the data to be modulated onto the quadratureI .

E carrier signals. In a simple implementation, the quadrature
15 E carrier generators may amplitude modulate the in—phase and

E quadrature phase output signals to convey two bits of information.1

The in—phase and quadrature signals output from each quadrature

carrier generators 1202, 1204, 1206, and 1208 are provided to a

_ summer 1210 which combines the signals to produce an output

20 signal.

I 5. Permutation Freguegcx §hift 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

'PF5K, every baud has a fixed number of carrier signals present,

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

"*°"‘" constant average transmitter power is advantageously delivered andFINN EGAN. HENDERSON
Fruunow. GARRETT . _ _ _ _

aflwsm the receiver only need decide which 4 carrier frequencies containI300 I an-:51‘. u w. "
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1 the most energy. In the case of MDDK, the receiver must attempt

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

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

receiver design. I

5 Compared to a binary or M'ary FSK modulation schemes, a

'ihigher number of bits mayxbe 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

10 PFSK may advantageously increase information transfer rates.

[ D. the Base Transmitter
E 'Each base transmitter unit, such as base transmitter 512 or

i 614 shown in Fig. 6, receives transmitter control data and message=

i data transmitted from the satellite 606. Fig. 13 shows a first
15 j preferred embodiment of a base transmitter 1300 in accordance with

ilthe 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

20 - provides a control signal to a plurality of modulators 1306, 1308,

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

I F1, modulator 1308 produces a carrier signal P2, modulator 1310

l produces a carrier signal F3, modulator 1312 produces a carrier
signal F4, and modulator 1314 produces a carrier signal Fn.

25
L aw Qiflcll

Fnuwzcna, HEN DE [EON
FANWOV GARR E1‘?

For example, the control logic may generate appropriate

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

5°W”“ l M'ary FSK, PFSK, or quadrature amplitude modulation scheme, as
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1 previously discussed. Each modulator then provides the modulated

output signal to a combine: 1316 which combines each of the

i several modulated carrier frequencies into a single output signal.‘
1 .

! The single signal is then applied to a power amplifier 1318

%,to amplify this signal to an appropriate level. The power
amplifier 1318 may, for example, produce a nominal output signal

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

formation of intermodulation products, and to insure that these

10

I
I

!

| 1318 preferably has extremely linear characteristics to prevent

i

’ intermodulation products do not cause signals to be generated at

|Nundesirable frequencies. Antenna 1320 broadcasts the desired
a signal from power amplifier 1318.

Fig. 14 shows a second preferred embodiment of a base

Iltransmitter unit. The second embodiment comprises a base.

15 ‘ transmitter 1400 which includes a satellite downlink connected to

‘data input 1402, control logic 1404, and several modulators 1406,

1408, 1410, 1412, and 1414. Each modulator receives an

. appropriate_control signal from the control logic 1404, as

20

I

I

l previously discussed with respect to base transmitter 1300.

i The output from each of modulators 1406, 1408, 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,'snch as 350 watts

25

I
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1 The output from each of power amplifiers 1416, 1418, 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 1423 for broadcast.

5 E. The Mobile Unit

The_mobile unit may be a small, portable mobile transceiver,

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

Fig. 15, the mobile transceiver 1500 shown therein includes a

receiver section for receiving signals from the base transmitters

10 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

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

to switch the antenna between the transmit and receive sections ofI

15 . 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—carrier signals from the base transmitters and must be

appropriately designed to demodulate the particular modulation

.20 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.

25 The receiver 1506 is connected to a display and storage logic
LAW unncgg

Fmnecax, Hsuotsuon
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section 1508 to process the received signal. an annunciator 1510
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The Iand controlled by the display and storage logic 1508.

annunciator 1510 may comonly include a sound producing device

fmobile transceiver 1500 is connected to the display and storage

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

A set of display controls l5l2 to control the display of the

I
logic l508.- A display 1514, preferably an LCD display, is also

connected to the display and storage logic 1508 to display
I
' messages and various other information to the user.

Display and storage logic 1508 is connected to transmit-1ogicI

1518 via connection 1526. Display and storage logic 1508 may

i generate an autonomous acknowledge signal which causes the

transmitter 1520 to broadcast an appropriately modulated RP

' 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

a negative acknowledge signal if the message was only partially

received. The negative acknowledge signal indicates that the

Inetwork operations center should rebroadcast the message to the
Imobile 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

othertransfer and increases the complexity of the mobile unit.

be decoded by the mobile unit to insure complete and accurate

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

indicate to the network operations center that the user has not

I

I

I
I

I
I
I

I

I
I

I

I
I|

I

I
II-

I
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1 .viewed the message even though the mobile unit properly received I
E

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

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

I

II
I

1 input a_reply to a received message, or to otherwise generate a
9II
1message to be transmitted by the mobile transceiver. The input3

ilpswitches are connected to transmit logic 1513 which decodes the.I
WI

signal from the input switches 1516 to generate an output signal

to the transmitter 1520. The transmitter 1520 generates an

10 The mobile transceiver 1500 also preferably includes a noise

detector 1522. The noise detector 1522 provides an output signal

I

! . .
[ appropriately modulated RF signal to be broadcast by antenna 1502.
i
I

L upon sensing through antenna 1502 a threshold level signal. The

noise detector 1522 provides an output signal to disable the

transmitter 1520 via connection 1524, and to thereby prevent
I

15 Iunwanted transmission by the mobile unit.II
Noise detector 1522 preferably is set to detect

electromagnetic signals which are generated externally to the

communication system and which are indicative of a condition when

transmissions by the mobile unit are undesirable. For example,

20 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 comonly uses £00 hertz power supply; the receipt

transmit capability of the mobile transceiver 1500 during

25 operation of the aircraft to prevent any unnecessary or unwanted._.- gm“,
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interference with the operations of the aircraft by autonomous or

intentional transmissions by the mobile transceiver 1500.
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1 The display and storage logic 1508 of the mobile transceiver

1500 further preferably includes a timing circuit (not shown)

g,which may be used to turn the receiver section 1506 on or off, as1

iidesired. The timing circuit [not shown} advantageously allows the1 .

jlmobile transceiver to "power down" during periods of time when
 messages are not anticipated to be transmitted. For example, in a:‘ _

preferred communication protocol, the receiver could simply power

I
!

.!
Iup at the beginning of each cycle to receive data to determine if

is message will be transmitted to that mobile transceiver during
10 that cycle or when information concerning message availability

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

1

1

1

'! .

ilmessage, the timing circuit could power up at the appropriate timeh ' . '
Ito receive the message, and then power down after receipt. The

timing circuit, therefore, advantageously prolongs the battery

understood that the timing circuit could control the other
15 ‘ life of the mobile transceiver 1500. Of course, it should bei

II

I
Lelements of the mobile transceiver, such as the display 1514, and
|the transmit logic 1518.I

‘i In an alternate implementation, the receiver 1506 may
|adaptive1y change its demodulation techniques to accommodate

l
!

j

20
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

25 via a modulation format message contained in an overhead portion
LJU4 e-mega

,mNmm,HwDmmN of the data stream. The demodulation of FSK, M’ary FSK, PFSK, andFARABOW‘. CARR! TT

5°W““ MOOK formats all begin with the determination of the energy levelsmod 1 arnsrr. as am
wash-uINn1':m, at man:

I-£0: 40!-4000

30 -39-
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detected at each of the carrier frequencies, and thus require

I

i identical processing of the received RF energy. The logic (notI

shown) in the receiver interprets the meaning of these measured

energy levels based'upon the modulation scheme selected as

5 5 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
10 ' needed.

A pictorial representation of the mobile transceiver is shown

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

case 1602, a pair of display control buttons 1604. a display 1606,I

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

15

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 l60B, l610, 1612, 1614, 1616,

and 1613 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 "?" to the message

25 1620 displayed on the screen 1606. The transmit logic 1518Law earn: as

fiwfimmtfiflmuqq generates an appropriate signal based upon which button the userFMLIIOW. CARRETF
3 Dim.-nan.

Iooo 1 5TI¢£'f. -1 w.
ms»-u~¢.vou_ oc zones
3 Q -ac: --cos-coco

i
E
I

20
|

i
I

3

E

1940-

I

1510 As indicated previously, display 1606 is preferably an LCD

: I
*1:
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presses. In this simple scenario, buttons 1614, 1516, and 1518

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

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

are unused .
I
' In alternate applications, up to six possible reply messages

1518 for the autonomous acknowledgment signal which indicates that

I

I
I

I

I
I

15 i the message has been properly received, and for the autonomous
1 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 idifferent display control buttons, and different display formats
|as desired or needed by the user.

I Further, the mobile transceiver 1500 could additionally

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

25 transceiver could be connected through an output port to a laptop
Law uirlatl

FlN.V'Ec.r\:'-I. HENDERSON
Fasusouz. Csanerr

ielectronic devices of the user. For example, the mobile
or palmtop PC, or could be incorporated therein. The PC could

abmffi display the message on its screen, thereby obviating the need for
w;::?u;1:.::::c-:o:os ''-ZOE-ADD-GU00

30 l I. I" 341 —
I ‘~: ”‘~.I
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l 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

Alternatively, the mobile transceiver could be connected to a:

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

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

10 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 comunication from the mobile transceiver to

the base receivers. Similarly, facsimile transmissions could be

15 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 1100. The various

components of the mobile receiver generally correspond in

20 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

25 embodiment cannot be tracked by the network control center because
t... or-.¢ :1

H&q¢wJflNmum, of the lack of transmit capability. Generally, because of theseFARAIOW, CARRETT x
aowwm

IIIOO I SYQIEZ N W
wAse1mIal'Om, or. non:

n-zoa -aoa-uooo
reasons. the-mobile receiver 1700 embodiment of the mobile unit is

30 ..-t- 42 -
I

I - If _.'. I
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10

15

20

25
Lav! arm: (I

less preferable than the mobile transceiver embodiment 1500.

J F. The Base Receiver ‘
The base receivers of the present system receive the low

power output signal from the mobile transceiver unit.I As is shownI

gin Fig. 6. mobile receivers are dispersed throughout the

geographic service area.‘ Base receivers need not_be associated

E

I

i

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

fservice at least one zone, of course.r

-exist in the overlap region between zones.

A few base receivers may 

 During transmission of the return signal by the mobile

receive this return signal. In this instance, the network
1 transceiver unit, it is possible that several base receivers could

} operations center 600 preferably selects the data from the baseII

lireceiver with the highest received signal strength (i.e. the
Eisignal with the lowest probability of errors) to maximize the

likelihood of receiving accurate data.

E

i 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
J _

minimize the overlap between base receiver coverage areas.

Alternately,_the network operations center 600 could use "voting"

techniques by comparing each data set from the several base

FN”KAwHEwEum,_receivers to arrive at the most likely return signal data usingF.-xmaow. G.-\9.n£'r‘r
E DUNNER

1300 I STREET. M W.
wAS14WOTbN, DC 2000!F202 I03 GDDD

30

conventional voting receiver technology.
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1 Fig. lB(A) shows a.first embodiment of an analog base

receiver. Analog receiver 1302 is connected to an antenna 1800.

|The analog receiver 1802 simply receives the signal from the
|antenna 1300 and removes the modulated waveform from the carrier

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

idemodulator 1804 via data path 1806. Data path 1806 is preferably:
la 4 KHz analog telephone channel.

‘The regional demodulator 1804 receives signals from several

analog receivers included in several base receivers. Preferably,

10 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 1804 is then transferred to

I the regional processing circuitry 1808, and then onto the network

operations center 600.

15 I 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

lreceived. Alternatively, and preferably, dedicated comunication

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

20 the message can be inferred from the communication path that is

activated.

Fig.‘l8(B) shows a digital base receiver embodiment which

includes an antenna 1300 attached to an analog receiver 1802. As

in the previously discussed embodiment, the analog receiver 1802

25 removes the modulated waveform from the carrier signal transmittedL;-v arm: I I
FINNECAN. HENDERSON

FARABOW. GARRETT .

5D%“fl ,the modulated waveform to a demodulator 1310 included in the baseI200 I SFQIIT. M W. .
ms»-«moron, cu: zooos

ran: Ace coco _ _‘ _._..

by the mobile transceiver unit. The analog receiver 1802 outputs

30 .r_’__g.—44—
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 receiver. The demodulator 1810 produces a digital output signal

[!corresponding to the data stream transmitted by the mobileI

‘transceiver unit. The demodulator 1310 provides the di ital9

::output signal to the regional processing circuitry 1303 in the

 

 

5 5 regional station via data path 1812. Data path 1812 may be any

Iiconventional data path which can satisfactorily convey the digital

ggdata from the demodulator 1310 to the regional processing center

511808. The regional processing circuitry 1808 then passes the data
i‘ ' ''|
_ to the network operations center 600.

10 51 Fig. 19 shows a digital base receiver including error1
1

i correction and store and forward features. an antenna 1900 is

i

I

‘connected to an analog receiver 1302 which is connected to a
ldemodulator 1810, as previously described with reference toI

%%Fig. 18(3). The demodulated digital signal is output from
15 gidemodulator 1810 to error correction circuitry 1906 which may

ggperform error correction algorithms to insure the integrity of the.
gireturn signal received from the mobile transceiver unit. Uf
igcourse, the error correction circuitry should decode and correct
!data which have been compatibly encoded by the mobile transceiver.

20 The error corrected data output from the error correction

Eéallow it to be transmitted later at a convenient time and at a:i
ll

éiconvenient data transmission rate.
!

25 i. For example, in the present system it is likely that theI

i

'.M-I Otflcti
lmxecnu. HENDERJON

FARABUW. CARRETT _ _

3mN““ §,short bursts at a relatively high data transfer rate. However, itI300 l ITIIT. N w. '
WAS!-IINOFOI1, DC IOG05

I-£0! IO!-A600

return signal traffic received by the base receiver will occur in

30
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is also likely that the average data transfer rate from the base

 . receivers is substantially lower than the instantaneous data

jqtransfer rate during traffic bursts. The store and forwardI

llcircuit 1908 may preferably act as a buffer to allow the return
l .

5 ' signal data to be comunicated from the store and forward circuit
n
I

1908 to the regional processing circuitry 1808 at a lower [and

3 less expensive) data transfer rate. Store and forward circuit

E 1903 is, therefore, preferably connected to regional processing

iicircuitry 1308 via data path 1910 which may include a low cost
1.0 telephone line.

H

i
i G. The Network Operations Center
1
‘ 1. Overview

The network operations center 600 is shown in schematic form

in Fig. 20. The network operations center 600 includes a base

15 receiver input system 2000 which receives data from the various

' regional stations throughout the system a. ., regional stations! 9

i_644 and 550] via various data paths, such as data paths 656 and
E’658 as shown in Fig. 6. The data received by the base receiver
5 input system 2000 includes reply data from users with various:

20 !:control data. Base receiver input system 2000 may include

_ I Wlappropriate_conventional signal processing equipment. Control
E I data may include data identifying the base receiver (i.e. location
E %‘of the mobile unit) which received the associated reply.I

i i‘Preferab1y, the base receiver input section 2000 receives data
. ,y

i 25 ilfrom the regional stations via phone lines. However,'other

;N“;;f;:;MmJJappropriate data paths may be considered.
Fm-mow. GARRETT ; I

5 DLINNERI300 I STHEZV. bl W
W£IH\NDl'UN. DC %OQOA i

39-zoz -ca‘-ooo E

E :!5f”5‘
H“ ‘i :
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'20

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. For

example, the user input system 2004 may teceive data from users

' via phone lines who may access and interact with the central

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

- initiate or receive messages, or to perform other desirable

10 1 functions.

11 Generally, the central computer 2002 processes the data

received from the base receiver input system 2000 and from the

user input system 2004 to_perform various operations on the data,

‘to update various database entries for use by the central computer

15 2002, and to generate data for transmission to a satellite uplink

output system 2005.

It should be understood that, although Fig. 20 shows the

central computer as existing at a single location in the network

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

central computer 2002 and provides it to satellite 606, shown in

25
-_ur or n: 1. u

HvFECAH.HENDERSON
Fnumu, GARRETT

aomum
1:00 I $1'¢!:£'! no. u

1-\l.|5MINOYBN_DC £000!
332:: «on 4900

Fig. 6, for transmission to base transmitters within the system

[e.g., base transmitters 612 and 614 in Fig. 6}.

_ 47 _
a
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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

c ,1
5 f’ Also, a control access 2010 is provided to allow systems

example, for use by the central computer 2002 in processing.

_ engineers or programmers to access the central computer 2002 to

ijobserve and modify its operations and system performance.

The database 2008 of the network operations center includes

.

I
I

t

| _ 2 . Database Structure%
I 10 féseveral database structures necessary for the operation of the

éisystem. while a preferred partitioning of these databases is
ildescribed below, it should be understood that other partitionings

icould be considered, such as moving the various “user_traffic"

iifields from the traffic statistics database to the user database.

15 a. The User Database

For example, the user database structure shown in Fig. 21

includes a record for each user of the sfistem 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

20 ‘ ‘ associated with that particular user. The transmit capability

field 2106 indicates whether the mobile unit assigned to the user

has the capability to transmit. The last location field 2104

includes data which indicates the last known location of the user.

25 E recognizes that a new base receiver has received a return signal
.-r 07'-col

,NNKA&H“@“mNg from the mobile unit, thereby indicating the mobile unit has moved

.
I

FARABOW. C..xm=.r.1'r |B Durwsx Iuse: a 57:21:, M -..- I
was!-1'Hfi1'ON. as soon: '--2:2 aoa-moo

since the last return signal. Of course, if the mobile unit only

30
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ii
1.

i
I
.includes a mobile receiver without transmit capability, the last

!location field 2104 gannot be updated and the mobile unit may be1

.§given a default location.1

:1 The service area field 2108 includes data corresponding to

S Igthe area in which the user has subscribed to. For example, if aI

‘fuse: desires service in geographic areas less than the.tota1

ifsystem service area, the Central computer could use the data inH _
' the service area field 2108 to cause only selected base 

transmitters to attempt to transmit messages to a mobile unit.

10 The button format field 2110 includes data indicating the 
format of reply buttons the user may access on the mobile

transceiver. Of course, for mobile units with only receive

  

I
I

E
i
Icapabilities, the button format field will not be used.!

1 The message field 2112 includes data representing one or more
i

15 'Imessages which are intended for the user. A receive flag is set

Eawhen the central computer has received data indicating that the

Egmessage has been received by the mobile unit via an acknowledgment

Iisignal. If the mobile unit does not have transmit capability, the

' receive flag is set upon transmission of the message by the

20 jfappropriate base transmitters. The user database structure may

:include other fields for each user of the communication system of

Tthe present invention as needed to provide various desired

II
I

Ilservices.I

l b. The Receiver Database

25 .5 . Database 2008 of Fig. 20 includes a receiver database (not
LAW EIIIBCI I

FVNNEGAEG, HENDEMON:F.-meow, Canaan I ; ‘
SDWNR 5.each base receiver in the system. A first field for each base

shown) which includes an entry with several associated fields for
I

I300 : svzzcr II w. }WA3|1lN§7lJN. cc moo: .-"
P29: 403 AO¢O II

IIII
I
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1 - receiver preferably includes the total number of mobile units

which have last communicated with this receiver. A second field

?:for each base receiver preferably includes a list of base

transmitters which may cover_all or a portion of the receiver.

5 .}coverage area of that base receiver.

V c. Traffic Statistics Database
I: Database 2008 of Fig. 20 should also include preferably a

ljtraffic statistics database as shofin in Fig. 22 which includes

.ivarious fields containing statistics calculated by the central

10 :Icomputer 2002 concerning traffic patterns for the system. For

g-field 2202 for data indicating a user of the network. Several

example, the traffic database 2200 preferably includes a user

jlfields are preferably associated with the user field 2202. Field

--2204 includes data representing the number of probe signals sent

15 E-by the network to locate the mobile unit associated with the user

field 2202. Field 2206 includes data representing the number of

ijregistration signals received by the network from the mobile unit

3 associated with the user field 2202. Field 2208 includes data

representing the number of messages from the network that have

20 i'been successfully delivered to the mobile unit associated with the
!.user field 2202. Field 2210 may be used for other traffic related

Eidata, such as data indicating the average traffic per cycle, and

Egdata indicating a time average [i.e. for the last hour] traffic
ElIl'lO'U..'l'lt .

25 !? Further, the traffic database 2200 could include fields (not
!

.... 1;
F:>.':~I5cnN. HsxussuowF.uu.no\v, CAKRETT

5°W““ ilparticular, each zone in the network. Such area specific traffic13DOtS?=E1‘-.N.'\M
wasmnarou. CZ ICED!

I 202 I433 -I300

shown) for data concerning overall system performance and, in

é:: FL 50 _
30 a
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data may be useful in optimizing system performance by allowing
I
iintelligent redefinition of zonal boundaries.
! I
1 d. _ The Service Queue

_ Database 2008 of Fig. 20 also includes a service queue 2300

5 ::as shown in Fig. 20. The service queue 2300 includes a current
H .
'¥messages queue and a probe list queue. The current messages queue

includes a system wide list of messages to be delivered by the
HH
1

E
§:system. The current messages queue includes, for example, a

§_series of ID number fields 2302, 2304, and 2305 with associated

10 = data location fields 2308, 2310, and 2312, respectively. The data

-Llocation fields 2308. 2310, and 2312 include pointers to the

appropriate fields in the user database structure shown in

Fig. 21. The ID number fields 2302, 2304, and 2306 include data

!§indicating the ID number of the user to which the message is to be

15 iideliuered.

F
k
n
!

§F

F
F
i

i
F

i
In operation, the central computer retrieves the ID number

ii2302 and data location 2308 from the top of the current messages

Eiqueue and retrieves the appropriate data from the user database

{C2100 to process and transmit a message to the user.
20 Ex

C The probe list queue includes a ID number fields 2314, 2316.I

Sand 2318 and data location fields 2320, 2322, and 2324 similar in

form to those in the current messages queue. The probe list queue

;‘contains a list of users which the system has previously attempted

25 5*listed in the probe list are considered to be “lost” by the

E2

E
Eunsuccessfully to deliver a message to. In other words, the usersI

4Law ‘horn: ll
Fumecan, HENDEMGN

F.-«Muow, GAKRETT
sowwm

:10!) L 3793!? N. III.
was:-«move-go: tacos i
3 U -:32 common

system. The central computer 2002 then initiates a probe routine
 

d/\
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for the ID number 2314 and data location 2320 located at the top

of the_probe listr

"been updated to provide an accurate last location of the user from

I After successful execution of the probe routine, the last
II

I
I .
Ithe base receiver that received the mobile unit's acknowledgment
I
Ito the probe signal. After the last location field 2304 has been

=queue for delivery to the user via the appropriate base

1.‘.
I

10 ransmitters located near the mobile unit.

Preferably, the network_operations center gives priority to

then sends probe signals to the users listed in the probe list

II
I

I
II

I

5Ithe delivery of all messages in the current message queue, andII

flqueue after delivery has been attempted for all messages in thel ,
I
I15 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
II

I
I probe signals to the users listed in the Probe List, even though
I

20 'example, in this instance of persistent filled current messages

_ I
I

queue, the network operation center preferably transmits three

P

I

:Iundelivered messages remain in the current messages queue. ForI
II

I

I rebe signals in every cycle transmitted.
e. Base Transmitter Assigflgent List

I
I The database 2008 of the network operations center also
I25 includes a base transmitter database 2400 as shown in Fig. 24.

at 3'7! ‘ u | I

HmwaNJfi:;MoN' The base transmitter database 2400 includes a zonal assignment
Fnaaaow. Caruurr I

8 Bur.»-In I
I300 1 QIIEEIZ HI w

WASHINGTON or woos
P201‘ 406 4000

I

Ifield 2404 for data representing a zone assignment associated with

30 I
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i

!
1 l a base transmitter field 2402 in the system. Also, a field 2406_ .

E for data representing the base receivers in the transmitter!

§'coverage area, and a field 2408 for other data associated with a

base transmitter, are associated with base transmitter field 2402.

5 gas can be seen in Fig. 24, each base transmitter in the networkH

lihas a base transmitter field and associated fields as described
above.

I..
.

dI
i In normal operating conditions of the system with low amounts 

E .

ggof message traffic being transmitted, each base transmitter will

10 E remain assigned to its particular zone. However, the systems and

éimethods of the present invention provide for dynamically changinggl

lithe zonal assignments of various base transmitters to improvea -

Eginformation throughput. These dynamic zone allocation concepts

Ejdynamically reassign base transmitters to new zones generally

15 ;!based upon the volume of messages transmitted during the

i;systemwide time interval, and more particularly based upon the

E

ii
localized volume of messages to mobile units. In general, dynamic

W

gézone allocation may be used to deliver messages to mobile units in

' overlap areas (i.e. "zonal dithering"), or to balance the volume

20 — of message traffic between zones.

Fig. 25 is useful to explain these concepts. Various base

transmitters, each designated as an "X," are dispersed throughout

a region of space shown in Fig. 25. also, various base receivers

j are dispersed throughout this region of space 2500, each being' I

25 Eidesignated by an "R." The normal zonal boundary for zone 1 in
HH“;;:;:;RmN§§Fig. 25 is shown by solid line 2502. A normal boundary for zone 2

FM\.«BO\¢‘. (2,.-.M.£1'r _
3°“““ iais represented by solid line 2504 during normal load trafficIJDD I IYHEC. N W.

NA$'<|N°TUN. DC {U505
--zaz--as--coo

30 ; g ”'\/e 53 -
:5 I 3 l_
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abmmn
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30

operation conditions. As can be seen, base transmitters 2506,

2508, and 2510 are located near the zonal boundary of zone 2, and

iibase transmitters 2512, 2514, and 2516 are located near theI

fgboundary of zone 1. Base receivers 2518 and 2520 are located in

éian overlap area 2521 between zones 1 and 2.1 As previously

Egdiscussed, mobile units located in this overlap area 2521 near
i!base receivers 2518 and 2520 must be communicated with during the
jisfistemwide time interval because of the interference created
iduring the zonal time interval by adjacent base transmitters.

1'J

i During normal, low to moderate volume system operations, the

zonal overlap area 2521, i.e., interference area, near base

E-receivers 2518 and 2520 will preferably have a small number of
mobile units located therein. Therefore, communication with these

;mobile units will not significantly consume system resources by

gjoccasionally comunicating with them during the systemwide time

ilinterval.1

‘ However, if the traffic volume from the overlap area 252101
linear base receivers 2518 and 2520 increases, such as because
J

'iadditiona1 mobile units enter this overlap area 2521, the handlingl .

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

In this instance,
{other regions.
' the zonal boundaries are changed to remove1

this high traffic region from a zonal overlap area. For example,

system efficiency is restored if the zone 1_boundary were moved to

_ "K? 54 - L_3 ‘V
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dashed line 2522 and the zone 2 boundary were moved to dashed lineI

E 2524.

_ The central computer 2002 may dynamically accomplish this
;l
E
.zonal redefinition by assigning one or more base transmitters to a

}:new zone to reduce systemwide time interval messages. In the

iipresent example shown in Fig. 25, the central computer updates the
‘base transmitter zonal assignment list to reassign base1

gtransmitters 2512, 2514, and 2516 to zone 2 while removing these

2

3
5:
i

i
J
; redefinition, the new zone 1 boundary is shown by dashed line

base transmitters from zone 1. In view of this zonal

5|2522, and the new zone 2 boundary is shown by dashed line 2524.
The high traffic region near base receivers 2518 and 2520 is now

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

transmitted in simulcast by a second set of base transmitters
 —assigned to a second zone.

‘ibase transmitters in zone 1 defined by boundary line 2502 could be
W

For example, as shown in Fig. 25, the

‘the first set of base transmitters, and the base transmitters

located in zone 2 defined by boundary line 2504 Could be the

_ ru}

.: {erg 55 _

I

I

! _
isecond set of base transmitters.I
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Fig. 25, new zonal boundaries would be defined by dashed lines

2512 for zone 1 and 2524 for zone 2.

10 Step 2606 provides 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

15 base transmitters. For example, as shown in Fig. 25, the base

Etransmitters assigned to zone 1 defined by dashed line 2522 (i.e.

;gnot including base transmitters 2512, 2514, and 2516) could

: transmit during a subsequent communication cycle a third

20 - ' dashed line 2524 {i.e. including base transmitters 2512, 2514, and

I

I information signal, and base transmitters in zone 2 defined by

E 2516) could transmit a fourth information signal during that sameI

subsequent comunication cycle.

Further, it is 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 2522 and 2524 is
Law a-n::l

an area that is not likely to produce, or is not currentlyF1NNECa'\N.HENl3EBSO\'
Fmusow. Gasman

Bnmwm1300 I HEEL]? AI. -1-:
VIASHIMDTOM DC 20093

« -202-noa-41:-so

i

!

i
i
I

I
1

EI

25 3
i
1

, producing a high volume of message traffic. Generally, zonal

30
E
N ‘ ' P "’ 7-56-
i
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I

!

! throughput by minimizing the data that must be transferred during
3
I

boundaries should be preferably redefined to maximize information

‘Ethe systemwide time interval. A network manager could review the

redefinition of zonal boundaries. Of course, the central computer

2002 could also implement an algorithm accessing the traffic

statistics database 2200 to determine optimal zonal boundary
redefinition.

In a preferred embodiment in the instance where an entire

10 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

interval. There may exist no appropriate overlap area, such as

term reassignment of base transmitters with the resulting

redefinition of zonal boundaries. In this case, the preferred

!

15 1
\

;~ 0 '
1 embodiment alternates between a first and second set of zonal

boundaries over each communication cycle and does not attempt to

.deliver messages during the systemwide time interval.

20 For example, in Fig. 25 this preferred embodiment would

I

1

l 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

5

!
|cytle, this preferred embodiment redefines the zonal-boundaries to
E25 dashed lines 2522 and 2524 and delivers messages to the mobileI

Hmflzfififlfiumhlunits in previous overlap area 2521 during the zonal time intervalF.\1U\BCW. Cmxnttr '
bnwnaVICE I flV'9EI."' N ‘M

W\IaIIIN15"OlI. OE 200€.‘l§
I-l:l"0Q 1003

1.
i

f using zone 2 base transmitters. During this cycle, the network

30
.

.-’
1
3 n _ 5, H

!‘u 0 ‘ 0‘
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would not attempt to deliver messages to mobile units in overlap

area 2525; In yet a later cycle, this preferred embodiment would

;Eswitch back to zonal boundaries 2502 and 2504 which would allow,

5!message delivery to mobile units in the now previous overlap areaI - '

. 2525 during the zonal time interval using zone 1 base

.‘transmitters. As can be seen, alternating between a first and

E second set of zonal boundaries advantageously reduces the need for

EV1

l

JA

i|

%;comunication during the systemwide time interval, but slows
:9 E
iimessage delivery somewhat by only allowing communication to mobile.I K,,_! ~ '

5{units in overlap areas during zonal time intervals on alternating

Eicommunication cycles.

The Preferred System Communication Protocol

The system communication protocol is preferably a time

E

I H .I
P
l

Egdivision protocol organized within repetitive communication cycles

lief preferably 30 seconds in duration.

The blocks of data transmitted by the network are preferably

féformed byFI:

!!during bursts of interference. Bit interleaving may be envisioned=!

a bit interleaving process to prevent loss of data

as stacking two or more blocks of data (which read from left to

right), and then transmitting a bit stream in a colu.mn—by—colum.n,

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 techniqtes, rather than

the mobile unit mustthe loss of entire words. Of course,

appropriately deinterleave the data prior to processing.

5
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iia reverse contention time interval 2712.

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

i adaptable schedule for these time intervals is preferably

-Egenerated, and may be revised according to system demands.

iischeduling of the time intervals-advantageously allows a mobile

éiunit to "power down" during inactive time periods when the mobile

The

unit will not transmit or receive any messages, thereby conserving

sibattery power. Similarly, messages or information for delivery to

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 notI1
1
: included in the subset to further conserve battery power.

A preferred cycle protocol 2700 is shown in Figure 27(A).

The cycle protocol 2700 includes a cycle header time interval

§f2702, a systemwide forward (FWD) batch time interval 2704, a
1

systemwide response time interval 2706, a zonal forward (ran)

iibatch time interval 2108, a zonal reverse time interval 2710, and

other arrangements, such;1 1.

jias moving the systemwide reverse interval next to the zonal

lireverse interval may be considered if transmitter turn on time is
significant.

The cycle protocol generally schedules time slots for

I

E

5I1

5 systemwide and zonal forward channel information transfer from the1 .

:network to the mobile units and for systemwide and zonal reverse

1
I

1 I1

ilchannel information transfer from the mobile transceiver units to%
j the network. ‘Briefly, the cycle header 2702 field includes

I

H , sI *.. I
4 . t-«'1

I
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' Ifl

i
E= overhead or "housekeeping" information, the systemwide forward
4

Elhatch field 2704 and the zonal forward batch field 2703 provide
gforward comunication capability through the base transmitters to

 he mobile units in a systemwide time interval and a zonal time

5 giinterval, respectively. The systemwide response field 2706 and

onal reverse field 2710 provide a return signal period for the
 

fimobile transceivers to respond to messages generated during the

'_systemwide and zonal forward batch periods 2504 and 2508,

Eirespectively. Finally, the reverse contention 2712 field allows

10 lithe mobile transceiver to initiate access to the network.

ff Each of the fields shown, except the cycle header 2702 field,

éiis preferably variable in duration, and may be changed by the

éicentral computer 2002, depending on message traffic requirements.
a I

§;The beginning of the cycle is synchronized by the central computer

15 Egto a time standard and preferably coincides with the start of

Qgminute or half minute intervals. Each mobile unit preferably

Ziincludes timing circuitry, as previously described, which allows

Tfifor the mobile unit to power up at the beginning of each cycle to

'§receive communication.

20 - ii For each cycle, the central computer 2002 calculates the
H

- jiamount of time required for each field to maximize information. 1

I jgthroughput by the network. ?or example, for the cycle protocol
»?2?00 shown in Fig. 27(A], the central computer will calculate the

iéamount of time necessary for the systemwide forward batch field

25 7§2?04, the systemwide response interval 2706, the zonal forward‘Aw 9---: H

,m“Qw_mcMMmfi§interval 2768, the zonal reverse interval 2310, and the reverseF.-mexaow, Canaan I ..

5m“”“ ficontention interval 27l2. The cycle header 2702 will preferably-:90 I swam‘ u w I!
WASRINCIYDN an mods H.

i 10! -as-coon

30 ii ' (‘ _J— 60 5
25 f :

r K.
1 I
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i
I include timing offset data which will indicate the timing offset
I

élfrom the cycle header until the beginning of the systemwideL

Ljresponse interval 2706. the beginning of the zonal forward
;| . .
iginterval 2703, the beginning of the zonal reverse interval 2710,
H _

Egand the beginning of the reverse contention interval 2712.

The cycle header 2?02 starts preferably with an 3 digit long

TheEgpreamble {not shown) for digit synchronization purposes.

Eipreamble allows for the mobile unit to synchronize its timing

éicircuitry with the network. For example, the timing circuitry of

iithe mobile unit could become offset from the network due to

Eicomonly caused inaccuracies. The preamble is followed by a

i “start of header" string of four digits and all timing offsets

H
H

n
jgwithin the cycle are calculated as a number of predefined
HJ

intervals beginning from the start of the last header digit. The

start of header string is followed by an 8 digit string grouped

Eginto two words, each of which is protected against errors by

géencoding it using a forward error correcting code, preferably a

|!Bose, Chaudhuri, and Hocquenghem (BCH) code or a Reed SolomonH

§_code.

éginformation digits in a code word, where the additional digits are
§§a specific function of the information digits, so that if certain
ggcomon error events occur, a decoding step involving all of the
sitransmitted digits, both information and additional, can recover

These error correcting codes add additional digits to the

githe original information digits. The first code word will contain

jia count of the current cycles executed for that day. The second

igcode word will contain the necessary timing offsets for the

ggbeginning of the time intervals in the cycle protocol 2700..

:I::

2’ ' J _'
fl f.f. H- 51 -
H ‘r K x
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