WD 97/ 04612 ' : PCT/ US96/ 11954
W DEBAND BASE STATI ON ARCHI TECTURE FOR DI G TAL CELLULAR COVMUNI CATI ONS
SYSTEM Field of the Invention This invention relates generally to cellular

t el ephone systens. More particularly, the invention relates to an
open-architecture cellular tel ephone cell site base station disposed to
digitally prosssioasideband conmuni cati on waveforns. 5 Backgr ponussiliesae

| nvention Cellular tel ephone networks facilitate nobile comunications

wi thin a given geographic area by dividing the area into spatially

contiguous regions, or "cells". Each cell includes a base station, |ocated
at a "cell-site,” which services nobile 10 units within the cell. In
typi cal anal og cel lular networks, each cell is assigned a different set of

conmruni cation frequencies. The sets of frequencies assigned to adjacent
cel'ls are different, and are typically not repeated except when cells are
separated by a sufficiently large "re-use" interval that interference
probl ens are unlikely to occur. In this way, each channel within the
cellular systemnmay be 15 wused at a plurality of cell sites

si mul t aneously, and the systemis thereby enabled to support a nunber of
users exceedi ng the nunber of system channels. Wen a nobile unit travels
fromone cell into another, i @(‘ﬁf(ﬁf AROEEC ed-of f" from
t he base station wi th which gB%D@Pé%t}}tm Is1n COI’m’UI’% cation to the base
station within the new EGRIDIGIFAE CELLULARJCOMMUNUIGATIINS SYISTHEM es
switching the nobile unit fromits existing frequency to a new frequency

all ocated to the new cell into which the nobile unit is entering. The
handof f process is generally coordi nagigd dfh@InvBitione swit ching center (MSC)
| i nked to each cell-site base station. In particular, the base station may
i ssue a handof f requeEhis inyention\iejater/geagrally to cellular telephone systems. More 2
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gi ven nobi | e uni base statiemdispaged tddigitaliy probess wadsbancbtdnsmunitatidni wavieforotsur e t he
MSC requests gi gnal strength information fromthe base stations within each
of the cells, "and determ nes which 5 base station is best able to handle

t_he call. When the base station w {Hackproims dfitbevInvestidn reports a stronger

stapal, Strength, e b bt RENAEH: BLfial bl Qb RRBoRL FILA) s¥eS

transmtter and gedgfiphieradea BodiNidingClhe Adarintdcipiihlly LoatkUoRs fegitis] bE UeeRE".

¢ hannel ' Each cell includes a base station, located at a “cell-site,” which services mobile

10 units within the cell. In typical analog cellular networks, each cell is assigned a
different set of communication frequencies. The sets of frequencies assigned to
adjacent cells are different, and are typically not repeated except when cells are
separated by a sufficiently large "re-use” interval that interference problems are
unlikely to occur. In this way, each channel within the cellular system may be

15  used at a plurality of cell sites simultaneously, and the system is thereby enabled to
support a number of users exceeding the number of system channels.

When a mobile unit travels from one cell into another, the call is
transferred, or "handed-off" from the base station with which the mobile unit is in
communication to the base station within the new cell. This call handoff process

. 20 involves switching the mobile unit from its existing frequency to a new frequency
a.ilocated to the new cell into which the mobile unit is entering. The handoff
process is generally coordinated by a mobile switching center (MSC) linked to each

cell-site base station. In particular, the base station may issue a handoff request to



10 . When conventional anal og equi prent is used, each transmtter and
receiver pair requires dedicated filtering, mxing and anplification
circuitry. This is disadvantageous in that increnental cost is constant as
channel s are added. In addition, if a conplete set of channels are desired
to be nade avail able, a channel switch or the like is enployed to sel ect

the transm tt g bhg@iver pairs operative at 15 the frequencpepyazaigped to
the cell. This is also di sadvant ageous, sinde those transnitter-recel ver

pairs associated with unassjgned frequencies are inefficiently idle

el 1y eonvent FEMECHTIER Jtr DESL Seded BY *utgre e fpoeteidh arrjpfnec
Sdﬂ‘ot ed to SUppOchredhbllﬂl, \ﬁ?{c}iitmcﬂliygﬁﬁbatéd’deﬂgiveﬁ mdghﬁnftsaﬁaﬁﬁgaul iar to
ifferent types cel lular systens. .20 cordin there is a
need for a cell ug%lf"_dﬁ'é'st@t‘_%‘ieat"éi‘n ﬁhthmueﬁ‘%a‘éﬁl‘{fﬁgafaeff&yg&%&ﬁmgﬂfs not
required to be piffyint@en Holhthe bekditfhedhithinadasTot the lceliy) dnd GeRinines Rilich. |t
Is further desired that the base-station S|ﬁnal processi ng hardware may be

ef ficiently abl obaseesthtiomiyhestrblsste handierthe:gallh g When ther base statiens withincthe fugw”
Finally, there ig,a need for a base-stati Lehi r i dapt abl e
for use in a 25 c?’%ep%&/a fronegs gﬁ:?azls(sr%rsgil},gﬁ%@%ﬁﬁﬂ%gggﬁ%gﬁgdﬁ%’gﬁ%ﬁste
techni ques. Summssagonof the Invention In summary, this invention conprises
an "open architecture. digital cel|ular base, statjon capable of. bejing
easily nodified to s%‘ﬁgr‘%h SbnhashisEgeR bsntyB\‘igl?y %"%M‘%@? EI‘SE}IPS? p%ffsrdji nterface
standards. |In a pishRtdredd estenedisiredth sath biie beiny aued vea pagieulst dkdngel. t here is
I ncor por at ed wi_deband di gital transceiver system having transmt and -

recei ve sect il8nsWhen COPVERLiQNELanGing SAMIETh (Fafh FRASBYINGE AN FeqeivET ek
mobi l e unit dr Opr%gi?ﬁésodédﬁat@& %ﬂ@xfix‘xgﬂ%txfngraga Reipflficaah Glrchivp! Gllﬁﬂisl» 3 indicates |

that the given nmobile unit I's nearing oundary between’cells. At this
juncture the NSGlisasiyariagesussinghatlinerementaitdesy iafcorstant rHehannelprareraldpdis én

stations within ofe t , t ] ' QN 1S
beat o "ol EREOl f ARuige beof R BIEE O HAaORB R LPhal®
cell reports a stwitchgertheslikmialemplayed ¢ select e tcambmitizayecbivehpaitdauperdtive ab t he
new base statijon ach cell site base station is ically outfitted with
Tl are pai 2 ohe RAHeRIEs atens e PR cally il alsh iodvanBgsdte, Bied BoRuned (o
a_particul ar cgmhﬁtt&%a:&iveﬂpadfsrusmmd Qﬂﬁﬂuﬁgsigﬁﬂéﬂi Wagci?ssﬁrHSMﬁciaﬁ@h
transmtter and recejver pair requires 10 . edi cate Ll tering, mXxing
b Sl 1 11 cat 1 R, P Porverfior pialos Gan siarion SGGPS M4l Noh ot FEHEY SHEE
cost is constanttoas 1B Shyir $igrad fheguenties et peduliaPtoCalent §peedf Of
channels are desired to be made avail able, a channel switch or the like is

enpl oyed to sel eeflulan gystemMins i t t er - recei ver pairs operative at the
frequencies 20 Accordingly, there is a need for a cellular base station in which each

frequency channel is not required to be provided with a dedicated transmitter and
receiver pair. It is further desired that the base-station signal processing hardware
may be efficiently allocated in response to changing patterns of user demand.
Finally, there is a need for a base-station architecture readily adaptable for use in a

25 variety of cellular systems using various modulation techniques.

Summary of the Invention -
In summary, this invention comprises an "open architecture” digital cellular

base station capable of being easily modified to support communication over a
30 varijety of air interface standards. In a preferred embodiment of the inventive base
station there is incorporated a wideband digital transceiver system having transmit

and receive sections.
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assigned to the cell. This is al so di sadvant ageous, since those _
transmtter-receiver 15 pairs associated wi th unassi gned frequencies
are inefficiently idle. Finally, conventional anal og base station designs
may not be readily adapted to support the varying signal frequencies and
formats peculiar to different types of cellular systens. A digital base
st ati on exanpweo ysogprzovi ded with reference to U S. Pat. No. BOT/US96/11954
5,289,464 where a filter bank is used to fréﬁuency mul ti pl ex i nbound
signals to a desired I [ ; I Jul LRl . bo
signals to an antennaqﬁgﬁfgwﬁ§%f"@ggg%ﬁﬁﬁﬁﬁﬂgggg%nﬁﬁnéé§§§§%§¥é¥m‘ ar to

t he anal og syst ecouplédiktof the pablicsateh siephpne netwodt GRSTN)tdperaten to umdtiplegaal by
frequency and deljvers a.dedi cated frequency to each.de ul at

Theref or &, ahen BUERY OEiPGf i Eingen SESHL Ty A Hns AYNISURLILPlsaeS ErDM)
denfodul ator is i BagdmivBus. Fnzflﬁrhlﬁywwiﬁuﬂd'aﬁnﬁﬂal moduldsert chiptéd ARK TDM
synt hesi zer canbi nes the nodul at ed, out bound signals. Wen a particul ar

frequency is Rot UBRHEbYss sach ofjthe %Hﬂl tEngmiter “i“:f‘?éﬂ,eﬁ ibgiag OPERANYS BhEfnerait ges
are raised when mr&%qdaﬁﬁ&af%@]mm SigAd1® i RSpIrE to 4 @&%SPW sér Gl

spectrum si gnal nust be reconstructed by obtaining parts of the inbound
i nformation si gnplurdlity of thppf isformationesiganld. aThe sst of wddeband digitalgnfdymation spr ead

spectrum si gnal C ' [ r tors,
Accordingly, t heg%@%grga §ﬁ%ﬂ°§ﬁf§%§ﬁ%ﬁéﬁg§§%@{§?ﬁ§%$%ﬂggﬁh%lgaqd
frequency channetheisst sfowidegaandidigiedl infodamtipn eighale thtpvatwidebadé dagakreasm. A
transmtter zi@d . géﬂz“)o receiver pair. It is further dﬁsi red, that th

base- st at i on 10j gWifebpdRansuiticy ten PGEISS HSFIEAC & Yidehaof Ty smissign yyaxeforn
response to changdingmeatitésand deth stteh. denand. Finally, there is a need for
a base-station architecture readily adaptable for use in a variety of

cel lul ar systems usi nghe/Eeesive sechoninchdpon widebard Freeiver for:Jihregelyingfant he

I nvention In su [ Sici [ rJ : Y ' t yre
digital cellular gas%t ésOEH eft6 ?IE)CESY%aangB lggH Eﬁﬁg“@a]asf"%y%n%bg‘fe%ﬁ?é‘% oolfstﬁ?oport
communi cat i on oviacidentveampesite signabinr the fioren bfig evidabamdidigital. datansteeapy; eThe r ed
enbodi nent of..t he.invent.ive .base 10. . station.there is incqrporated a
wi deband di giftal ™ AR Fa‘éﬁgﬁaé’hm‘ﬁn%RPF‘ﬁ‘zr“f  AdsRod tife s R WPCRSRE: | ons.
15 20 25 30 AMVENedupleBHfhirality of digital receiver modules. Each digital receiver module

' functions to recover a set of digital output signals from the wideband digital data

stream, and to multiplex the set of digital signals onto a TDM receive bus. An
output line interface coupled to the PSTN is provided for distributing the digital
20 output signals among a plurality of output signal lines.

Brief Description of the Drawings
Additional objects and features of the invention will be more readily

apparent from the following detailed description and appended claims when taken
25 in conjunction with the drawings, wherein:

Figure 1 is a functional block diagram of a cellular telephone cell site base
station of the invention;

Figure 2 provides a block diagram representation of a base station controller
(BSC) included within the inventive base station;

. 30 . Figure 3 shows a block diagram of a T1 interface module incorporated

within the BSC;

Figure 4 depicts the internal structure of an exemplary digital transmit
(DTX) module comprised of a plurality of DTX channel modules;
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Wthin the transmt section of the base station, an input line interface

coupled to the public switch tel ephone network (PSTN) operates to multiplex .
a plurality of input information signals onto a time-division nultiplexed
(TDM) transmt bus. A plurality of digital transmtter nodul es are coupl ed

to the TDM 5 r ,f bus, each of the digital transmtter i ng
operative to g@ﬁgﬁggé;’a set of w deband digi4al baseband si gﬁgﬂtﬁg?‘%&&
response to a correspondi ng set of therégl urality of input information
signals. The set of wifigEAPreMidss pdilogkHirgramiaf 3rsingleR nel Zodkieed to a

wi deband sunmal | oRspBGIB phocdisHOT&iEe bign SALANEY Mslpeddile i3 o £ITINF Wi deband
digital information mggals into a w deband data stream A 10 w deband

transmitter then t8p&RHOBE t o0 generate a wi deband transm ssion waveform

using the wi deband daigie.sd §aiaed of 56 SerifiblrBRnlaftd bl anch At iRGHRS

receiver for: (i) receiving an 1ncident conposite signha
generating a @ giatRTXrohpnresmothdatonn of t he incident conposite signal in the

formof a wi deband digjtal data stream The 15 w debapd digital data
streamis applied to 2BHFH2tHh oalaﬁxggmaﬂpgew&ﬁggq Bpﬁgﬁﬁge‘ifma Wlater i ¢ v
of digital recei ygiudeadiingsihe BISh chlingelt mbdul@6€i ver nodul e functions to
recover a set of digital output signals fromthe w deband digital data

stream and to nul ti plFagure fderies theymapngr inawhich g yepebapd fransmitten fWRTX) ve bus. |
An output line iRgi&hass ﬁ@éb‘&h@ﬁa&@aﬂ&%&’ﬂ%b&m@i %Vd&l@é;t {hgrhiﬁi-?le&‘ll? etksung

the digital 20 output signals anong a plurality of output sign

Bri ef Descri ptd odasfstresre fomaavasgistrangumitibiug aetp ap i5jfe signal febrpadeasirtysanof t he
invention will bg apre readily apparent fromthe follow ng detailed
description and appended cl ai ns when taken 25 in conjunction with the
drawi ngs, wherein: Fi Figuee 4 iliustrates a1widebarbtective CWBRIX) gection of aavidebanhdl ar
tel ephone cell site base station of the invention; Figure 2 provides a
bl ock di agr am r e JAREENELPPOHS0f a base station controller (BSC) included

within the inventive bpaf H siowsthe fAtemal organizafforOol £ &eﬁbﬁgﬁdi@itﬂ'x@@éive
di agram of a 1‘#(1 interface nodul e incorporated within the BSC, Figure 4
depicts the i efRBX Sodpei ure of an exenplary digital transmt (DTX)

nmodul e conprised of appui Al istaybi&dk ddgfamARNGRgIEDRY @Rinnel module operative to
process an assigned frequency channel; '
Figure 12 illustratively represents the functional organization of a DRX
channel demodulator;
20 Figure 13 provides a representation of the signal processing functions
performed within a voice reconstruction network of a DRX channel module;
Figure 14 depicts an exemplary signal distribution scheme for use in
diversity signal reception by the inventive base station;
Figure 15 is a block diagrammatic representation of an exemplary VXI bus
25 modular realization of the inventive base station;
Figure 16A is a block diagram of a transmit portion of a VXI module -
transceiver included; and
Figure 16B is a block diagram of a receive portion of the VXI module

transceiver.



WO 97/ 04612 ' -4 PCT/ US96/ 11 954
Figure 5 provides a bl ock diagram of a single DIX channel nodul e di sposed
to process the voice signal within an assigned tinme slot of a TDMtransmt
bus; Figure 6 provides a top-level diagramrepresentative of signal flow
through 5 a DTX channel nodul ator; Figure 7 is a block diagrammtic

represent at i onwefo704682 0i t al data nodul ator included w thin thgtiysegnnel
nodul ator; Figure 8 depicts the manner in wh?ch a wi deband transmtter

(WBTX) section. of a w deband.tr. eiver é el .0 tonvert t he

hi gh-speed digital 10 dataéﬁ@%—?ﬁ#ﬁ%ﬁ into an r.f.
signal for broadgast Bystein @vérelewa, Figure 9 illustrates a w deband receive
(WBRX) section of a wi_deband transcei yer nodul e; Fi gur 0. sha t he

i nternal organizat i onF_bS“r%u]i ‘%ﬁé?ﬁﬁpaﬁa}\élﬂcbidw Qgéid%mﬁseﬁut%@@ﬁmaﬁﬂé;
Figure 11 is a blckadi saiof T0Gbr ﬁax%himhg_am@cemgrlﬁfmﬁa%ﬂ Qg ileioAdnd eorh @

process an assigned frequency channel; Figure 12711 lustratively represents
t he functi onal5 opipality of inenbile transceimee erhitsr{Rel shewrbimacgergdancewith the inventign.gur e

13 ‘brovi des a " eARAMIdoRRiR SO 14 BBl BSASS0d) dnd HRERAIRIRGE bk

Wi thin a voice réconstruction n igure 14
depi cts an exenplsatign somprades di Sopenizuchiteotuss’ igital tellulardasé statin/eapablewfsi gnal

Fepr osentat} on oPeidk casitBpaRet i Bhort Somughfon vet Birfroht ARSpEHAK Ro T ©
representation o a e
inventive base skahdads (.0 AMPSL6FDMA, TOHMAGK AltheggintheWasasthtichngithé portion
of a VXI nodu) e transceiyver included; and Figure 16B is a bl ock diagram of
a receive por{q opAvERtignwill bg dm@déaxgplg[nwge@pgl&c_omext VE‘EWW AMPS

5 S gﬁ b ; [l d
Enbodi ment |. c%i/uslafrgﬁtg/dérg@fre ?8 re t1lbli?§maps ?g%dgﬁdg%glteg%@%%%%%ﬁof
a digital cell ul ¢ bas¢ sptionmay bk adagitddetolhesmompatible vithi@hdrair inteafaserstandands. and

[ anscel ver uni (s (nol" SHEPH e FoSRiRet Bie e sloRaPlR 8em 12

receives an incident composite frequency-multiplexed signal comprised of a

-

15 plurality of individual baseband signals from a corresponding plurality of mobile
units. Typically, each individual communication channel within the incident
composite frequency-multiplexed signal is spaced apart by 30 KHz, it being
understood that other spacings could be used. The antenna system 12 is coupled to
a wideband transceiver module comprised of a wideband receiver module (WBRX)

20 section 16 and to a wideband transmitter (WBTX) section 18 through an antenna
interface unit 20.

In the exemplary embodiment of Figure 1, the antenna system 12 comprises
two omnidirectional antennas dispbsed to provide coverage over the entire area of
the geographic cell in which is situated the base station 10. A description will

25 nonetheless also be provided of an alternate embodiment in which the inventive
base station is configured for operation with a sectored antenna system (e.g., three
120 degree antennas). For sectored antenna systems, separate wideband
transceiver modules (each including WBTX and WBRX sections) are deployed
within the base station to service each sector. In addition, the manner in which the

. 30 bgse station may be configured to support an implementation in which diversity
reception through a pair of receive antennas within each sector will also be
described.



As will be appreciated fromthe follow ng discussion, the inventive cell
site base station conprises an "open architecture" digital cellular base
station capable of being easily nodified to support comruni cation over
different air interface standards (e.g., AMPS, TDWVA, CDMA). Although the
base station of the 10 invention will be described |largely within the
context of an ry AMPS cel lular system appropriate ex i i1
be provi ded as%‘ggﬁkgﬁn&nner in which the bage station may bg‘l(ng%f/g@#\g be
conpatible with other air interface standards. In an exenplary AWPS

embodi nent, the bHsdReseixei(BK) MaderPperatjen em 12 recei ves an i nci dent
conposite frequency- | i . L.sed. of : |

i ndi vi dual baseband %élééﬁéee?'rg@ﬁﬂﬁa&%hl%?%%ﬁﬁgmg{‘%?’éﬁk%{%lﬁo?{s;ﬁ%} ?[eé:gi&ﬁ? ts.
Typi cal |y, each iatdadio dreqiency (minby theiaotenmzhsysiesl 12\(Higure 1),the IWRBRX sedtion

conposite freque -mul ti pl exed si.gnal Ls  spaced art 0 ell bein
indbrstood ¢ har oo elssAreREy 31 i toete Y SR W 3 anslte Dbt rtup. "
coupled to a w dejtanalof aseband’ @nalBoMEEdigHzRd inSe 12-8ft smples] &%ﬂdﬂaﬂﬁgﬁi ver
nodul e (VMBRX) 20 _section 16 and to a wi deband transmtter (VWBTX) section

18 through an antdgiffhconyeaer Gebshewmn}, 2ad the resyliaat data siprany i5 reoided et  of
Fi 1, th t t : j . : L Ghi Le
I gure e an tﬁ%@@vﬁiﬁ% tﬁﬂﬁlﬂlgx&!WM)sﬁéaltr%nB%k Q}'grdj.')ﬁxtghgélgtl gfl {28y

di sposed to provi cover age over e ’entire area o eogr ap cell in.

whi ch is situat edaternf 3eRdepsatindrigure 1, thedeepd reogtve dis ¥t lis imtlemengedaastre| ess

al so be provided £ a8 gn& ' {n ICh .1 Ngri | S
station is confi gs%];n%%af\?rd opergﬁ‘? on %F?g' ?gg{ﬁg?iggaééﬁf Zﬁ%@%@ e. g“ :
three 120 degi@e embbdimeats)af thobass aation fviwhich esecorsy ahenm isleplayat, ehendateband
transcei ver nodul es ach i I ng. WBTX, and sections re depl oye
within the base Ssﬁs:{rﬁ g‘ﬁ’"} Wesﬁbg%c%g@cﬁ%gfdﬁg\g’ﬁf{tﬁa"éﬁmqi u etar?ﬁ’cf?g‘?%wi n
which the 30 baseachsiedfor amefifyarb enubtipéxied it dssighes WipR0dts an thellobL Fedehat | on
in which di versitt% 5 ception through a pair of receive antennas w thin each
sector will al so"&“%escri bed. WD 97/ 04612 6
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frequency-nul tipl exed signal has”beén received at radi o frequenc r.f.) by

the antenna sist daffom thegWBRX) sectiom 6 taprRRN o setf Maligitah meeeire dBRXD equency
of the received mndauesh@Naach %@@nﬁﬂ@k%ﬁéﬁlﬁ?&??ggﬁ %‘t;lg%‘%’éﬂﬂ’uneé, -Eﬂeotfg”al 0g

baseband signal is then digitized into 1 y an anal og
di gi tal convert ewhighoaxtratiparmprrowrhand digitaloBM| signat framt the 30,78 ispis igeband ded t o

axempl ary rat o o a0yt pEget el Beled RGICR, U, AroRBRLR i Bl

i npl enent ed as atuner is formatted as a complex data stream decimated to a rate of 80 Ksps. In an

20 exemplary AMPS embodiment, the base station 10 includes up to five DRX
modules 28 (i.e., M=35), each of which includes a set of twelve digital tuners (.e.,
' K=12). This allows up to sixty (MxK=5x12=60) frequency channels to be
extracted from the incident composite r.f. frequency-multiplexed signal received by
the antenna system 12. In an exemplary TDMA embodiment, each of the sixty
25 frequency channels are further time-division multiplexed into three separate time
slots, thereby allowing information to be received from up to 180 (i.e., 60x3)
mobile units (assuming full rate TDMA). .
Within each DRX module 28, each of the K digitzil tuners is followed by a
digital demodulation network. Each digital demodulation network is disposed to
30 demodulate the signal provided to it in accordance with the way in which the signal
was modulated, which in the preferred embodiment comprises frequency
modulation (FM). Following demodulation, data or voice information is extracted

from each channel and placed in the PCM format required for transmission over a



standard VXI Local Bus as specified in VXI Specification, |EEE Standard
1155. In 10 enbodi nents of the base station in which a sectored antenna is
depl oyed, the data stream fromthe WBRX section of the w deband transcei ver
nodul e associated with each sector antenna are nultiplexed into assigned
time slots on the local receive bus 24. As is indicated by Figure 1, the
| ocal receive wo7841provi des the digitized 15 data from t heectiis¥ssmed i on
16 to each of a set' of Mdigital receive ( nodul es 28. Each DRX nodul e

28 1neiudes a_Selpflar 1l el O the!HRFetred AR RAent RIS thvBIkL BlricimBnQRdf @Y Dand

digital FMsignal fromthe 30.72 N wi deband data stream present on the
| ocal receive budoliwingroperations:ofp) igh gassfilisting ofii) dacimatiom i) expinsiomansdd as

a conpl ex data strea ' . 10 Qf: ) exenpl ary
AvPS enbod ment'. GVE e pRERE g el ibedind Heby B ubertedtheg BP0
(i.é., M5), eachemeaftén. cThe mstlrestitof ahese bperitidnsds e mhodictioh of arsmndardi8-it |,
K=12). This al]) ops . kP .to sixty, ( =5x| 2=60) frequen hannels tqQ b
extracted f ror# tﬁgsgnﬂgﬂ?ér?#m%éﬁgﬁﬁé’ L 1 ?ééfﬂ&ﬂ(fﬁi%ﬁgtt? Bt émﬁ) Letral
received by the ant enggiSwell KAWL -eatil AMPEIEAIRhEY YhahhAnRFbA it the €ach of
the sixty 25 frequency channels are further tinme-division nmultiplexed into

three separate t ineidest Beaueneynmplsiplexed 1.65\5igngl hast ispressecotheren BSupervisoned fr om

up to 180 (i.e., D i Yniit's g,?ﬁﬁlzé[@ rat e jthin each
DRX nodul e 28, eagﬁéﬁoﬁgkwé’g%ﬁ a‘? un s’rimgﬁ Pgheol\‘;\‘edg"%y aodﬁagt‘]tbé%ﬂ
denodul ati on net within. eaBla &RX myidulal28de also ebrfiguosd 1wepracask thesSATT signaled t o 30
denodul ate t S| revided.to i{ i;n_agcordance with the way in which

t he signal vvar@ n%%gﬁ%%&l%\/ﬁgﬁﬁeﬂ%“f*%mﬂ?egferred enbodi ment conpri ses
frequency nodul ati on RéfMringFtoIHigue Ng tEeMI0IsikRd ippoduceby eath ofChE€ K

information is extracted from each channel and placed In _the PCM fornmat
required for traflmedilation ngineorksawithin\ggshoof) tha &4 DRX modules 28 is inserted into an

7 _ ; / LYt resd Tl | 4 . rq
enbodi nent this ?sﬁ%?dvggzge}&? ? grarrancereg%ﬁéf]ﬁ'gsr%)al’ |%‘wﬁ‘§§m8%§?”t§?‘?%fﬁﬁs‘.§‘f“?i I)’Giﬁ? gh
pass filtering, TDM regeive bas 32mand(a TDM émpumit ben32bategethéncompeiseaphasi s
filtering. Thase,. i teps. are fur descri herei.ngfter., The
net result op 8t h%lg{ergcg%ééa I olf?lusS q%éw?f%xét tB%o{(g%g Iusoﬁngéergf % tgﬁggt}ﬁ %scxahd <3
"DSO0" signal cl o€¥kESpeaificatiothiAEER Seevidaml 1155, sAs1islindicaédby Fipuro 1 aloth thaSO

et dent 1 requenEMRELBBRas o he ao ARl S M e AOPRE R et S

Supervi sory Audi eonfrolér (BSE&Y maglulg'88. . Accordingly, each of the K
denodul ati on networks_ w thin each, DRX nodule 28 is al so cgonfigured to
process the SAT si gnyhﬁgémg]@%%%sﬁ ae%’é‘ﬁ“‘f‘f"é‘&fﬂ@?ﬁ?fgdﬁ% |an

20 interface for the base station 10 to a mobile switching center (MSC) via a plurality

of T1 trunk lines 40. In the exemplary embodiment a set of eight T1 trunk lines
40, each having 24 time slots, provide the capacity for up to 192 full-duplex voice
links to be established between the base station 10 and the MSC (not shown). In
what follows, terms such as "voice link,” "voice signal" and "voice information*

25 are intended to refer not only to speech information, but also to data and the like
transmitted over the T1 trunk lines.

In order to support the set of 192 voice links at a nominal 64 Kbps rate,
both the TDM receive bus 32a and the TDM transmit bus 32b are clocked at an
exemplary rate of 12.288 Mbps (i.e., 192 x 64 Kbps). In alternate

, 30 implementations, a set of six El lines may be used in lieu of the eight T1 trunk
lines 40 coupled to the BSC 36.



Referring to Figure 1, the DSO signal produced by each of the K

denodul ati on networks within each of the M DRX nodules 28 is inserted into
an assigned tine slot on a TDMrecei ve bus 32a. In the enbodi mrent of Figure
1, the TDM receive bus 32a and a TDMtransmt bus 32b together conprise a
15 bidirectional data bus equivalent to a VXl bus Trigger Bus, which is

described in Vg oonaghfication, IEEE Standard 1155. As is ingig 1554
Figure 1, both the TDM receive bus 32a and the TDM transmit gusﬁ’ggﬁ% are

coupled to a bas tatiqn control] e BS dul e 36. The BSC nodul e 36
operates as a sy n&&%%ﬁ"o&laéf’“g‘?ﬂ&ﬁglﬁ/%égpan 20 interface for the base
station 10 to a nobil Figé b phdvides GebX diddvintirepre@n@tio bf theibaye stitiohl trunk
lines 40. In the exe&P enbodi nent a set of eight T1 trunk |ines 40,

I
each having 24 tio9pir eéa_r,c viereBS R Sodagludes @ysysteip capellsT #6p which| YRicaiy e x
voice links to b?gtﬁ?&gs\g!dsﬁﬁé@b P?ttéé%ﬂ%rwﬂﬁ s%ggﬁls]%g{{la% m%gngﬁgﬁamitgpot

shown). I n what terns’ su s "volc vol ce sig an
"voi ce infornedi GFiie spfem aomralist 44 delinked to afHrintedfaccombgule 46,5 eanttol bus

i nformati on, but .al tQ data.and.the 1] 3 1 4 he n
lines. In order t”(aSte‘?OEFﬁp r{‘“‘{ %mg%p 8fa"1%‘§g{‘/%tlr@% |n$<(ggnéfﬁ g‘zﬁ%%ﬁnﬁ%ﬁ%ps
rate, both the TEMintemal comtrblisus3S2a Piredcdnivel Hils\ihterfaces4fl ¢nables dadhodee cl ocked
at an exenplary rate of, K 12.288 Mps (j.e 192 X 64 S). alLternate 30 -
i npl enent at i ons, @“@8‘?%%“%’?‘3? tﬁi“ﬁ"rrﬁélsmﬂg?l ‘B‘é%ﬁ@g aiﬁaf?%ﬁm&g“% #% &r? t T1
trunk lines 40 C%b&@heh@oftmgursﬁcih@%temal A0RLrOI7Hud 44 lodmprises a 32-bit 68040 data

8 PCT/ US96/ 11954 | I1. The Base Station Controller (BSC -

Figure 2 proviQedus asddkacVH septeahbpepe isefrthe ipe spesinadhy BEStdiI485-0n
controller (BSC) 36. | : Oeﬂfb . |
typically includes a EB%E@E@CFQI}%\'F%& tgggigﬁgr%&\%\}t E@gﬁ@r" ﬁi%%ﬁc/lﬁ'a%}éﬁ]%gﬂr
menory capabi | i t paseSstatibheoey ah ditharngtcrbie log thedequivgleny, ake ehay dbeaedlized in er f ace
nodul e 46, a control..b .t ' K
interface 50 and' m-_'%‘gg iwhtp g?)éefégeg%gé?dyi%r}gﬁggr??'?:ﬁda ayeco‘??f ?%?E %ﬂg‘@?ggﬁ]e
control bus i nt elfANEE 4hipaaabSiasiacipt the RS 282 intesfacf ¥ faeilitdtast exesenal tnimitoring

i nternal contyol bus 54 and VXI control bus 56. In the emhodi ment. of
Hgure 2 the Fht SRUBRTRBANEST ARRaoSS HRIPRLRY SreA PordaBABOBE HhiE8 bus,
and the VX cont seftwditd$s Sdwrilsaded td ihe systan comestief 4d by | EEE Std 1155. The
Et hernet interface 50_is_designed to support commynication with other base

stations over an EthefP@insdonf © Hguerb adyerkdiresam s shownnefythe & 1 iatsttaceed i n

conpliance wi th Edaglen@! MR T Gfterdace! F5duISHE ind1ldOPRTOM Rirmiasieng0 8pkrdie7 99X
LANCE chip set. Simlarly, the RS 232 interface 52 facilitates external
noni t ori ng to de-multiplex the 192 time slots, carried at the exemplary rate of 12.288 Mbps

20 by the TDM receive bus 32a, among a set of eight T1 outgoing interface paths 62.
Similarly, the TDM formatter 60 also serves to multiplex the incident voice
information from eight incoming T1 interface paths 64 into a 12.288 Mbps serial
stream for insertion upon the TDM transmit bus 32b.

Each T1 outgoing interface path 62 includes an elastic buffer 66 designed to
25 absorb differences in frequency and phase between the TDM transmit bus 32b and
the outgoing T1 voice and control information. The outgoing T1 voice and control
-information within each buffer 66 is framed within a standard T1 framer circuit 68,
which places the outgoing T1 voice and control information in the frame format
required for transmission over the T1 lines 40. As is indicated by Figure 3, each

30 full-duplex T1 line 40 is coupled to the BSC 46 through a pair of standard trunk

l{ne interface circuits 70. :
Considering now the eight incoming T1 interface paths 62 within the base
station BSC 46, voice information fi'om the incoming portion of each full-duplex
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15 and performance of diagnostics, and may al-so serve as a conduit through
whi ch software is downl oaded to the systemcontroller 44. Turning now to
Figure 3, a block diagramis shown of the Tl interface nodule 46. The T1
interface nodule 46 includes a TDM formatter 60 operative to de-nultiplex
the 192 tinme slots, carried at the exenplary rate of 12.288 Mips 20 by the
TDM r ecei ve bugo32es1zanong a set of eight T1 outgoing interf aorusesn®sH?2.
Simlarly, the TDMfornmatter 60 al so serves<1o nultiplex the incident voice

information fro Lt | ' T1 | . ' ps
serial streamfo i‘ﬁ%i‘r##ge@r@}g‘g“ﬁ htégwgglﬁg%{s{%b%ga %gn%géﬁd%%%%r%goi ng
i nterface path 6eir¢uitc?4udBachaincidém Stream i fTf esvics Gnfdenatipned defami2d wittiss ofidof

di fferences in frequency and ase. between the TDM transmt _bus_3 and the
out goi ng T1 voi C_H‘e _ ﬁ{rFﬁFS%n%q M’P&ﬁ?‘ ‘Pn‘@"eoq?"[\{b%ﬂﬁﬁm%“f%? g@' éﬁa
control i nformnat pagicViutier B6 QBMe datut 6f et defarier oMt ™ {deRigned trdbstasd T1
framer circuit 68, which places the outgoing T1 voice and control

i nformation i A 1 fAidferangesen fEnanency rad phasePepwsen thedinsideatst hyoies informagior and | nes

40.” As is indica nSYbes 2p.€ach 30 - full-duplex T1 line 40 is coupled
to the BSC 46 thﬁhgﬁk(}ﬁ%aﬁggi?r So?zs'tandard trunk line interface circuits 70.

Considering now the eight incomng Tl interface paths 62 within the base
station BSC 46, [ I nf.or | from f.he i ncom ng portion of each

full -dupl ex THI ﬁH&Eﬁﬂg@Wqﬁe@ﬁ\@b 8(1) Il1. The Base Station
Control l er (BSC) Fi guRefer®inpagainde Figurd!10te TIMOrameiitcins S8 pravidedthe12.088

base station _controller, (BSC) 36. The BSC 36 i.ncl udes system controll er
44, which typgPcaMbps myl dafa sgeatAtem e IM iggaatics 0 (Flare SLiockaet ofan

and ROV menory Capapit bigial ansmit (DT MUAIERTBOC A0k O bl MIBTIC diglfltRllsrhf 2

Tl interface nodul e 46, "a contro I nterface 48, and option y to an
Et her net i-nterf amedid& 3hitcRee 232 of K D TR chardel modulesm(nohshommain Fiparerld] bus

54. The control bus interface 48 .enabl e 0. he sferred, het n the
i nternal control eaﬁﬁgk g’%‘érﬁfg%s Ithec‘()%%er %Frgaghgthfg'ém%l orft tﬁ%gm&%‘%ﬁf’ﬂ@ﬁtw
Figure 2 the inteansmit bwe32b.olIn pasichidr, caolp DTSechaand 2ndufule 18 &fispOsadatr FMO

bus, and the | control..h 56,15 of.the . type specified I EEE Std 1155.
The Et her net lgﬁt @P‘?‘gﬁ a#’#@ bﬁ“&@%"éﬁ&"%‘”’é‘hﬁgwg%ﬁmm ﬁg%lqlﬁﬁlr\%ﬁ’wnﬂ‘?‘her
base stations oVREIth&exdrigiey VIPS @Ribedidient, HedigigiliSvpdrenbry Atdlo Mae lpgAaTral | zed

I n conpliance with Ethernet version.2 |EEE 802.3 |0BaseT by using an
AVD799X LANCE chiighal gf eithst #970,/6000 of G308z jssimiecied dnto fagh sieamye PSO aeise

external monitorizi0after FM modulation.
After the injection of a digital SAT tone into a given stream of DSO voice
20 data, the following steps are performed to effect FM modulation: (i) high-pass
filtering, (ii) compression, (iii) pre-emphasis filtering, (iv) signal limiting, (v)
interpolating, and (vi) low-pass filtering. The modulated signal stream is then
again interpolated to an exemplary sample rate of 30.72 Msps, and is tuned to an
assigned baseband frequency.
25 Each K DTX channel module within a given DTX digital transmit module
80 sums its IF signal with those of the preceding DTX channel modules. At the
output of the K® DTX channel module within each DTX transmit module 80, the
signals from each of the K DTX channel modules therein are added to a wideband
Jocal transmit bus 84. The wideband local transmit bus 84 then proceeds to the
. 30 next DTX module 80, which similarly adds thereto the signals from its K DTX
channel modules. Once the last of the M DTX channel modules (i.e., the DTX
channel module 80°) has added its K signals to the wideband local transmit bus 84,
the bus 84 is routed to the WBTX section 18 of the wideband transceiver module.
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15 - and performance of diagnostics, and nmay al so serve as a conduit

t hrough which software is downl oaded to the system controller 44. Turning
now to Figure 3, a block diagramis shown of the Tl interface nodul e 46.
The T1 interface nodule 46 includes a TDM formatter 60 operative to
de-multiplex the 192 time slots, carried at the exenplary rate of 12.288

Mops by the 2Qyo 97046:2DM  €Ccei ve bus 32a, anong a set of ei ghpcrdsspyiadpi ng
interface paths 62. Similarly, the TDMforntter 60 al so serves to

paths 64 i nto a 12. 20meVBlSsteron |Cirban 1 GFoF R rorempatmser D0
transmt bus' 32bppekAiv td donver e 3072 Msps tiaasl daal direfrft frdls thil@fdeBahdeloadt | C
buffer 66 designed to 25 - absorb differences_in frequency and phase

bet ween t he TDM Fansmifrius 8 drso 3pgnalag) basshand mgigl- ngherfrequenex obing asalggr o

i nformation. Th ' ' ks %Hgén FHoT ch
buffer 66 is fr?%ﬂm@?%%T%ﬁg#gﬁ%ééggﬁ%ﬁgﬁd%rc It'cggx,pﬁm?icﬁ pl aces

t he out goi ng 51 fucthereupaconivertedito ah rifnfrequency bandi (p. gt h@80f to894 MHeratTheequi r ed
‘for transm ssion _over, the. Tl .lines. 40. is Indicated by Fiqure 3 each 30
full-dupl ex T1 |ﬁ°ﬂ%\§‘aﬁ‘or'£§1g8%‘dﬁll’é%"‘i %@éﬁg%“%‘“hﬁﬁ%awpéoﬁ%?‘? BH082 andar d.
trunk |ine interdysem 12, whibhtradid@s the r.B (sighalGommsabile fukarg withit th @odredel area
incomng T1 int e.rff{ﬁcg Eat hs-62. within the base station BSC 46, voice

i nf ormati on frorf@tMeOHSBHPhE portion of each full -dupl ex WO 97/ 04612

9 PCT/ US96/ 11954 T1 line is passed by one of the

interface circuits 70 to a conventional defanmer circuit 74. Each incident
stream of T11Goi¥e TherBFRAodtes s def aned within one of the defamer

cirouts 73, and is RAUEQ e A BRISHASHLGH SerSuPTI RoRlEs i ©

buffer 66 at the output of° eac ef'aner circult I'S orb 5
- di.fferences i rBfisaliustretey irnfuwithphdeial. bt iegere 4,1be DT ledule FhHowminchides a

afor et on g B Bl g AL A SRS L0
10 Mops nul ti plveidethe dodahtratsimircrasiBdcior hiee frblibésODTH! hedul& OEedh ofuthe t8glvé o
cach of 2 sels Okl iAol el (16 AR A oE0 I B 5l bE1
shown in Fi gur e idgludifpad agipniBhtab ppdcesohe @bick hrdforeition carrigd dly a'pdrtidularone of
the time slots anetorf](?heTBIXI TDM time slots of the TDM transmit bus 32b. In addition, the
VXI control bus 56 also instructs each DTX channel module to output processed
voice information on a unique digital baseband frequency.
20 ~ After the first DTX channel module (DTX channel module #1) processes
the voice signal from its assigned time slot and adds it to the local transmit bus 84,
the result is provided to the second DTX channel module via an internal DTX
wideband data bus 102. Next, the second DTX channel module adds the voice
signal information which it has processed to the wideband data bus 102, and the
25 result is provided by the wideband data bus 102 to the third DTX channel module.
This is repeated until DTX channel module #12 has added its processed voice
signal to the wideband data bus 102, and the result forwarded to the next DTX
module 80 over the local transmit bus 84.
Turning now to Figure 5, a block diagram is provided of a single DTX
30 ch?.nnel module disposed to process the voice signal within an assigned TDM time
slot on the TDM transmit bus 32b. The DTX channel module includes a DTX
channel modulator 110 which operates differently depending upon whether the

DTX channel module has been assigned to process a forward voice channel



transmt bus 32b. In particular, each DTX channel nodule is disposed to FM
15 nodulate a digital baseband carrier with its assigned stream of voice
information. In the exenplary AWMPS enbodi ment, a digital Supervisory Audio
Tone (SAT) signal of either 5970, 6000 or 6030 Hz is injected into each
stream of DSO voice data after FM nodul ation. After the injection of a
digital SAT t&97/0#612 a gi ven stream of DSO,yo0i ce 20 data, PREUS/118% ng
steps are perforned to effect FM nodul ation:” (i) high-pass filtering, (ii)
conpression, (ii{BOVMEE @ AX0AS coittdl @hdnnel (HOGQ). SF&ROVE prbéds@iflg, ¥oide
interpolating, and (vi) |lowpass filtering. The nodul ated si gn,a%_ streamis
t hen agai n i nt erisécamation fremas assigng) BPY Gmeslos iy progessad fop trapsmyissien unlgss 3 s

tuned to an assigpel Q%@bc%?{g??l{»gﬁﬁ‘i?%&ve@%om the BSCE36 Bvef Y Softhid g lse

nodule within a girven transmt nodul e 80 suns 1t s[gna]
with those of t Hia thisemss]inogmdd Meice lpaonessingrisculedly .intagrupted tooaliqw progessingeof

Klerr] DTX channel nmodule wthin e TX transm.t dul e 8 t he.signals
from each of 3 heﬁkcﬂﬁgéic W’néﬂ%ﬁlﬁ&g}aﬂ@a@?@Erlgs}omws%‘??sﬁngggﬁnd
|l ocal transmt bpefodrh. FOOE prbcdssbg) datiemsahotiledtativnticohtrsl Messdgesargr oceeds to

the 30 next DTX mmdul e, 80, which simlarly adds thereto the signals from
its K DTX channefonppepskysentdq the ?"ﬁﬁ‘q"as‘% V8¥°et1ﬂ THAY9PX channel nodul es

(i.e., the DTX channefhemédillfed3fformafsn prddeskd BySthi B0 Bidtnsiell oddloVi feRand
| ocal transmt bus 84, the bus 84 is routed to the WBTX section 18 of the

wi deband t r anscepteapolaiediby the exemplam) fagtprs ofnevelvs 356 Jigy-typ within 812 epd x32
interface ci ﬁ@“!ih&xﬂo%t&& ﬁl%ﬂ&"i?j‘tﬂggﬂ%ﬁ%f V’l\‘ﬂﬂ?ﬁtﬁﬁblﬁ&&'d taZsﬂrgaxgggrﬁgl nci dent

stream of Tl voice‘information’i’s one o mer
circuits 74, ancconsermiavwiadmibuedigitakfrequentye by indzer 1 3pwhichrscebes aTlbealel asti c

buffer 66 at the out put, of ch defranmer circuit 74 is designed to, absorb
differences 5  OSCURRY sigg, aliihe nechssant Beavenss: (o pumescatty sontafiedrascilatore
i nformation and (Na;!tI):)TﬁM. t KAGSthd r&PTE?\:A%tsbmel erqtuIﬁ@wzg%veﬁIaQigm%m&a i on

Referring again to Figure 1, the ransmt bus "32b provides the 12.288

10  Mops nult1Pgs exEmsredRe 148) dbmresylbin 2dded 1ibervorshand datadus (B2 Pirde 3)

to each of a1§et2_a{an%]cgdgértﬁ|6.transmt (DTX) nodul es 80. Each of the M DTX
digital transmt nodul es 80 include a set of K DTX channel nodul es (not

shown in Figure 1), &Xehwidebanshiash bps de2errbthetpluralityiof@-dagpehaddrs Ble mave of
modul e 1 5. i spockd aCERP A0 &cbarel mitation Rk, it e cRAlchs LoHAL T
its assigned st rtheasigudls froimceach BIGE cheinnelmodute intea drequascpmpultiex@desigmalli ment |
a digital Super \éiaisrf)erdybypllﬁg ilgcath?ar}: mﬁt 'A|.‘1-£)84.Si'ﬁ1r}?|ob\(r)x£tes the need to provide one or
20 more relatively complex, multi-channel adders as 2 means of furnishing the
frequency-multiplexed signal.
Figure 6 provides a top-level diagram representative of signal flow through
the DTX channel modulator 110. The DTX channel modulator 110 includes a
voice modulator 117 and a digital data modulator 118. The voice modulator 117

25 includes an FM modulator 120, an SAT signal generator 122, and a x2 interpolator
124. When the DTX channel modulator 110 is performing FOVC processing,
switch 128 selects the modulated voice information from voice modulator 117,
Similarly, the switch 128 is set to receive modulated data from a data modulator
118 when FOCC processing is being carried out. In either case, the result is a
. - 30 digital frequency-modulated (FM) signal coniprise_d of an in-phase/quadrature-phase
(I,b) modulated zero Hz carrier.
Voice data is received in PCM -format by the FM modulator 120 from an
assigned time slot of the TDM transmit bus 32. The FM modulator 120 performs



ei ther 5970, 6000 or 6030 Hz is injected into each stream of DSO voi ce data
after FM nodul ation. After the injection of a digital SAT tone into a given

stream of DSO voice 20 data, the followi ng steps are perforned to
effect FM nodul ation: (i) high-pass filtering, (ii) conpression, (iii)
pre-enphasis filtering, (iv) signal limting, (v) interpolating, and (vi)
| ow- pass filterwo®yedsie nodul at ed signal st ream I s then agai npt%gwq§ t ed
to an exenplary sanple rate of 30.72 Msps, ahdl is tuned to an assigne

baseband frequency. K I |ven
DTX digital t ransxﬁ/‘ilfg'?rrﬁ’éﬁﬂjséméﬂf suﬁ@ﬂa%tal f—‘“’é?é 2 \itf’taﬁ’ gﬁ%’s"ﬁ%&q ﬂé?]l
precedi ng DTX chanomepressimiu| Else coﬁtpreslmi mjcepda;ta mfthemmtd@dmec] toexehpie |
nodul e wi t hin each X_ tra Lt nod 8 naI r ach of the K
DTX channel nodul 5??-5 &%Pﬁﬁgktép a‘&‘g ?5’05' %I%%W?%&?A
The wi deband | ocakurictionsHé dB/&l@e%tWé&ﬁ@ODraﬁ@geﬁlBHko Tho @uiparss QEETX&n hasis

C

nodul e 80, ng am larly. adds thereto the si gnal s fromits K annel
nodul es. Once fhe hé#d limiged\anrsareplerhyrsample fagivto the extent reguired i achiavene!

9(2) nodul e, 80) hag I ﬁ;a%im n bus
84, the bus 84 is rout eﬁgodgiaﬁﬂﬁ%?{ﬁasdgghﬁn &Eg??”éjlohp Lﬁ%:éf‘ %K]SIE:EI ver
nmodul e. WO 97/ iMegtation, the voice data is combined with an SAT signal provided by the SAT

PCT/ US96/ 11954 Th I anal og
converter (DAC) og %\gt I ve oéogiéﬁn\%grs{gﬂglhg%gée%gq%égédttalcﬁﬁg’%? t&&&?ﬁ&?ﬁ‘@am
from the wi debandmbddation EFM)sprodess) asd & fesdlopassedathmiugly tHeadcihamsbiabs 124 to The

frequency of #b nalo ? eband signal is first translated to an
i nternedi ate eq 9’(? and is then 5 further up-converted to an r.f.

frequency band (e. g , lﬁﬁﬁ}emsa%cwltﬂégraxﬂ'ﬁ@ud feptséridtion fof fthe Sigdaata S
provi ded via the, I%eqs‘gnna erface unit 20 to the antenna system 12, which

radiates the r.f. arar 1 ]ﬁb’a& §xgmpREy smhpdiment t{'%@g%\ﬂé@dg@dl&%t@allﬂ t he
~ base station 10. 131Qudc¥ a BOE e%%e%@b”t@%m 1't B h' ur ?ﬁé Qﬁ;aie £ rnal

_structure of an exenplary DIX nodul € 80 IS | ustr
“In Figure 4, the DB ﬁfb Kbpssfreruthe enptrobibes 36. sE@Chcﬁuch ms$sa3 E‘Ip‘{o'aﬁahhysthe

TPl s B2/ BoLtf el ol S BoBEeby o

channel nodul es rBé&¢El eStandand 653. Witkinrtbe BCHnencbdenriv leaach\m-bmmeksagé wotbis56,
zero-padded (e.g., with 12 zeros), and is then converted into a 40-bit message code
in accordance with a predefined BCH generating polynomial. The resultant 40-bit
encoded (i.e., scrambled) messages are provided to a bit stream generator 144,

20  which for each scrambled message produces a bit stream comprised of a sequence
of blocks. Combinations of blocks are formed and concatenated differently
depending upon whether it is desired to effect transmission over a forward control
channel (FOCC) or a forward voice channel (FOVC).

During transmission over a FOVC, normal voice transmission is interrupted

25 for an exemplary 103.1 ms period each time that the digital data modulator 118
receives a control message from the BSC 36 for transmission to a mobile unit. In
order to support FOVC transmission, the bit stream generator 144 produces a
concatenated sequence of FOVC blocks wherein each FOVC block includes a

- scrambled 40-bit control message and a preamble. The preamble includes a dot

30 sequence and word synchronization pattern, and effectively separates each

répetition of the scrambled message. In an exemplary embodiment the bit stream
generator 144 creates, for each scrambled message to be transmitted over a FOVC,
a bit stream of 1031 bits comprised of eleven FOVC blocks.



i ncl udi ng an assignnent to process the voice information carried by a
particular one of the 192 TDMtine slots of the TDMtransmt bus 32b. In
addition, the VXI control bus 56 also instructs each DTX channel nodule to
out put processed voice information on a unique digital baseband frequency.
20 After the first DTX channel nodul e (DTX channel nodul e #1)
processes the W0i9#84632 gnal fromits assi gned1 time slot and ad@3/U896/11954 he
| ocal transmit bus 84, the result is provi deg to the second DTX channel

modul e via an inter “aw&ﬁ&%gﬁﬁmg H8ddatbr $18 R Aised\*duppdrt § FRHCONthe BIX

channel nodul e adds the voice sign information which 1t has processed to
the wi deband dat &iream ggppaton Hi¢ praduces a fllles messape exnepl, Virsgeither e ovepheasheind

data bus 102 to ' : d b Sech e I ' X
channel nodul e #%%gh éés%&ggg%éégg%tage?@rgfaghgﬁﬁ ala%?aﬁtﬁgav%légéﬁ
data bus 102, ande.gheverysliBt+ Och seeendiel] and cohtrolaossage ¥entresymchrogousdy evert he

| ocal transm t_ bus urning now.to Figure 5 a hlock diagr i s _pr.ovided
of a single DPX fofhgéﬂgﬁrféln e @Pgﬁﬁ‘%évd%%ﬂﬁq%gég'et'%%&}% iRk
within an assi gnegssh e BCH emddéB40] B4 bit S fenriSor324. prédecebdX
channel nodul e includes a DTX channel nodul ator 110 whi ch operates

differently depef@BlsFpbbiamkcomansadRf anrRample, Werd sysehipRization ssgeenca.saidgned

to process a foryardMYi&EcdntanReisage. WO 97/ 04612
PCT/ US96/ 11954 (FOVC), or a forvvaragcontrol channel 3FOCC. For FOVC

processi ng, voi ce i nf Buring pparationcaf therdigétal datremodiator i e insbath FAV@modessed

for Lransim ssigonpiplcesoadtip tddts, Shatl FOVCBIFOR WBALELA dEfRigeth T om L he

BSC 36 over e contr S case, normal vol ce processing is
briefly interrupgemkritor M4 is\providedes an egemplasy 10 Kbpscratet o FSK chodW¥atr 148DTX

channel nodul e has _been instead assigned to perform F . pr.ocessi ng,
various rmbil e ;t‘i‘f‘?‘!ﬂ% ‘@B"I‘RITB bmg%ig@ger&%a%awmmeg@@%tm% &5Kne
exclusion of voi gRqiRfP1HB a9 be chitacBRsd Al £Rok-Ab UbIBLiHReP [PLHaRG DY the

DTX channel nodul ator 110 is"interpolated by the exenplary factors of
twel ve and t hi rt Yanchssigr-erfodedamalogrivavetorm which s subsrsuenttyr sampled ai O KHz

respectivel y.y5Thgd n %0% 1653l t : L que
digital f requencﬁ‘1 ébyg xe?ﬂ‘%’%?é?%?g%ﬁéecél \%sddghef g"g@w&s‘gﬁ lPg;twglrbl’jg%gnal of
the necessary frBeJfRsmed upemeringidant 4@ Kbps bisrstrean &bt Manshestestepeodingodii) 114.
After the real p qurzﬁi t > = Lenal ' 1 IS
extracted (Re 11 IE, the’ pg)s%wﬁqggﬁg%&t@ t%}%ﬁgmdlgé%hgn%g@a%ﬁéq%g%@ a
15 2-channel adfikeringlt6.achibee smabthsgd Ugat aaxbpiingmzmdlﬁzj fohe(I;Q)Lgaaﬂsifoyeamh
2-channel adder s, d4p oo, SHUBS LG 5L A3acbedh ISR SHETR! LOB.S! Vo
20 sequence corresponding to a digital FSK-modulated waveform of predetermined

frequency deviation (e.g., + 8 KHz). In a practical implementation, the FSK
modulator 148 may be realized using a table look-up system in which the values of
each set of four (I,Q) pairs is determined in accordance with the values of the

current and a set of the most recent bits within the incident 10 Kbps sequence.

25
V1. Wideband Transmitter (WBTX) Section of the Wideband Transceiver
Module
Turning now to Figure 8, the WBTX 18 operates to convert the high-speed
digital data stream from the local transmit bus 84 into an r.{. signal for provision
. 30 to a power amplifier (not shown) and subseguent broadcast by antenna system 12.

The specific frequency values specified in Figure 8 result in creation of an FCC-
specified B-band r.f. waveform, it being understood that transmission over other

r.f. bands may be performed using substantially the same architecture.



the signals fromeach DTX channel nodule into a frequency-nultiplexed.
signal carried by the local transmt bus 84. This obviates the need to
provi de one or 20 nore relatively conplex, nulti-channel adders as a neans
of furnishing the frequency-multiplexed signal. Figure 6 provides a
top-1evel diagramrepresentative of signal flow through the DTX channel
nmodul at or 110. channel nodulator 110 includes a voi Ce~fRd r 117
and a digital ggﬁgmﬁggulator 118. The voi ce l4odul ator 117 25$ |nc¥%§%§ an
FM nodul at or 120, an SAT si gnal égnerator 122, and a x2_interpol ator 124.

When the DTX channel rBabiErDee®0.72Mipe} a5 Aoy Fomchp lsakeaismy, bus i ds h
128 sel ects the mﬁwh)afi&eesgaﬂ BFa AN BRhaIeg c&{\g&zlerv?ie&@) r8ed utr R ODAELTRO is

Simlarly, the swtch 128 is set to receive nodul ated data froma data

nmodul at or 118 wha@et ratsdiomyesamply thesingident 02 Mppscsignal, an X/ SENE@Hditeg ase,
th It i el - . ' | | . f
e phasel quadr at Apvdbk 184 % smpldSy o Kol Sobpalstll. £HBAEOD "

recei ved i n PGV fupsconvertsythé basebant] fredudnay asing 2(72{ §8oMizrloced osdlietal signaly andot

1y 11 T TSR cohee!spmpbioptics P it P10 lespCinBERe R Tomuent bRt o

from8 to 14 bit gF)anplifiernoafah@qds Thd fissy khdBicbnd Biidbas IF @mplifile 194 and
conpressed voice data iis then interpolated to &Q?exea)#ar% sanpl.e rate of

40 Ksps, and pasd86 Provids ajpplification Qveh e dF dapds §%20 tpy 1374 98740 MHz
function +6 dB/ 0gd gy §0MEYCRE AN SRR tHE ampli¥fedOtt seHalsOfre E&iRbined,

pre-enphasis 5 filter 1s hard-iimted on a sanpl e-by-sanple basis to the
extent requi rdd upcenvetiesito the désirequenaydand sithinr.f. moiagr, 198m and passaseirangdsed

t hrough a | ow pags .fd . : [ tJ : ' .S | ned
W th an SAT s onif i SEFG0R ebift aAMGHAR da tonl B4 T SR sl o RO DG
phase nodul at ed 881.4dviHza¢ 84 MH4.r equency nodul ation (FM process, and the
.result passed through the x2 interpolator 124 to 10 the switch 128. Figure
"7 is a block diagranmmatic representation of the digital data nodul ator 118.
~ln an exenpl ary &tho®idebdnd Receilier (WBRX)Beatiom ofitiet Widebifid Trahsecieer a BCH
.encoder 140, ﬁ}l Mﬁ%ﬁ? 28-bit binary control words are supplied at a rate of
10 Kbps fromthe %ol bus 56. Each such nessage is provided by the 15
BSC 36 via control buRefefrirgitodFifie FatheSWBRKAdREHG |6/ ofdrited @fonttRe indffent r.f.
specified by TIA/EIA Standard 553. Wthin the BCH encoder. 140 each 28-bit
message word is $8PY-GoHerkkby antepna systqmp 13 Sropepresyr, maregmpbilerunith (R sh@red
into a 40-bit megs ' hdi Br ' P& i ng
pol ynomi al . The regﬁﬁ%‘g%?%éowl??‘?& %@%ﬁﬁge%éﬁn?r chgﬂalmgﬁ)g h@sage@‘eg@e
provi ded to a bi flataistreasinieranserianoenta the high-speed local receive bus 24. The incident

20 r.f. signal (e.g., 835 to 849 MHz) is, if necessary for automatic gain control,

attenuated by attenuator 210. A frequency selective amplifier network 214
provides gain over the active regions of the B-band (i.e., from 835 MHz to 845
-MHz,_ and from 846.5 MHz to 849 MHz). An r.f. down-converting mixer 218,
coupled to the output of the frequency selective amplifier network 214, serves to

25 mix the received signal down to within an IF band extending from 58.6 to 72.2
MHz. Due to the 1.5 MHz gap in the B-band, the resultant IF signal is split and
separately filtered by a first and by‘a second IF bandpass filter (BPF) 222 and 224.
The first and second IF BPFs 222 and 224 provide filtering over the IF bands

_ 62.20 to 72.2 MHz, and 58.20 MHz to 60.70 MHz, respectively.

30 ; The filtered IF signals from the ﬁrsi and second IF BPFs 222 and 224 are
then combined, and jointly provided to an IF mixer 226. The IF mixer 226
translates the frequency of the combined IF signal to analog baseband for filtering
by an analog lowpass and notch filter 230. The filtered analog baseband signal is



20 which for each scranbl ed nessage produces a bit stream conprised of a
sequence of bl ocks. Conbinations of blocks are forned and concat enat ed
differently dependi ng upon whether it is desired to effect transm ssion
over a forward control channel (FOCC) or a forward voice channel (FOVC).
During transm ssion over a FOVC, normal voice transm ssion is interrupted
25 for an exewp en¥61203. 1 ns period each tine that the digi teiTrosdsaloss
nodul at or 118 receives a control nessage frol the BSC 36 for transnission

I

e

to a nobile unit._In arder to s ort FOVC ,SSI th i t..stream
generator 144 progl@ bé'@&i?@a‘???é%%?“é’%de(tw 4r FS%‘%%'RV%’S?%%“ each
FOVC bl ock i ncl uddgitd dagrskedh erovidedib theehigh-spded Tocs ageivaibils a4.pr eanbl e. The
preanbl e i ncludes a dot 30 sequence and word synchronization pattern, and
effectively separates each repetition of the scranbl ed nessage. In an
exenpl ary enbodi rgfi, toex Mibafiés eam generator 144 creates, for each
scranbl ed nessage to be transmtted over a FOVC, a bit streamof 1031 bits
conprised of ePeven F@RefersngdkEigure 10)\theintenaa prganization of an exemplary DRX

13

- J . h ol tﬁkmw 118 is
used to support am%?Q$l§§§%eh§??g%ﬁr%ggﬁ§eli g{tn?rlg‘ﬁ?bp?% uces a“?él?#ér
message except wreen i inblade asetofawblzyadRX chamel mbdules@agK =32)) eacipof which
generated. Overhead nessages.are sent. at equl rate .., _ever . 8
05 saconds) . andataERSR e EAEESRLRR 26, RE ofihe 95 b gmptdl oanlse”
necessary. Upon regivesicogirélin@Reasttdrdm (e VXB eordd basi 56 Ciacludia afiRss@dfentr om

t he BCH encodeé 140, the bit, stream generator 144 prqoduces a single FOCC
bl ock conpris&l JP PROSSHSHAHATRIMAFGR GREipd O BoRATHSHIAT oL W fEsauenCy fhantshe

scranbl ed control . Is %fr@g’ ; s Hb O} d tor
118 in both FO\/C%%S@%&ESH %r‘%g@@%g no e@fuﬁ%@%@&%@@@é&ﬂ% g‘(’:@ from
the bit stream gdPRXahammel hoduls insenss thed gaiocessed informatitingnip ahCesiisiated anecoft 0 an
FSK nodul at or 14 capabl e. o i_ng..inpl nt.ed as urely.

o tal oot e r SRV RERO0 08 TN s R, s SR Fisfiaes

t abl e di sposed t avithieeich DRXbnsNES28; withthe destitahaticach vfuhe fregoeneisighalss
subsequent |y mal.ed at .a.4 Hz 15 rate.. Specifjcal.l et _.of functigns
S Lar o §hiS 1 OReCE A e TR kel dreml e b il Fereividie 240
][<_blos bi t sE_re?m ri]( pﬂocédagmtlayestdﬂrerenm ramnfnéli in))ddléllhﬂﬂﬁv.ﬂiséqw?t_lyl(inkéﬁed|iﬁt&ﬂﬁss_
iltering (iv) phase nodul ation nd (v).further lowpass filtering to

achi eve snmot hi n@SSIgRsE HmeHpH ‘?fntbe ipg’llé‘? beBSSa'(I ,Q pairs for each bit of
the incident 10 Kbps afsIR@iNoRddeatRvedH GREmh@ eMtdRIimdn®s @6 AfeAlaSsy3enO U Rigy 20
sequence corresponding to a digital FSK-nodul ated wavef orm of “predet er m ned

frequency devi at ibeAmplemgnted ag theee pr mpre distinch sactas antenngs| fonvindependently t he FSK
20 servicing different cell sectors. In yet other alternate embodiments, pairs of
sectored antennas are deployed in each sector as a means of facilitating spectral
diversity reception of signals from mobile units within the sector. In accordance
with one aspect of the invention, the signal energy received from each such sector
antenna, .or from each individual diversity sector antennas, is assigned to a
25 specific time slot on the local receive bus 24. For example, in an embodiment in
which a pair of diversity sector antennas are deployed for each of three cell sectors
(i.e., six separate antennas), the local receive bus 24 would be time-division
multiplexed into six time slots. Since the local receive bus 24 is made available to
each of the K DRX receive channel modules within each DRX module 28, any
’. 30 frequency channel received by any one of the diversity sector antennas could be
processed by any one of the DRX receive channel modules.
In such diversity applications, a diversity link 250 (Figure 10) is optionally

provided between adjacent DRX channel modules. As an example, consider the



nmodul ator 148 may be realized using a table | ook-up systemin which the

val ues of each set of four (1,Q pairs is determned in accordance with the
val ues of the current and a set of the nost recent bits within the incident
10 Kbps sequence. 25 VI. Wdeband Transmtter (WBTX) Section of the

W deband Transcei ver Mdul e Turning now to Figure 8 the WBTX 18 operates
to convert thegp eed digital data streamfromthe | ocal L fosfUS
84 into an r.f. signal for provision 30 tol® power anplifier (not shown)

and subsequent broadcasi, antenng s em 12, e.speci fi,c frequenc

val ues speci fied Pf ﬁﬁfﬁ‘Fgwa% W%S“&rgaﬁ%c}BEgTChﬁ’ﬁ’eﬁE@g“@;92(&?5“5"(1}/%- band
r.f. waveform i tard@ssiihed islprodésedith dalratfrdquénes ThameDreciVel b tifeand sdcondands
may be perfornmed using substantially the same architecture. WO 97/ 04612

14 diversifyrarionpeogssignesisio seryicers giners gRlletectono Iy thisgase PRIt a
streamfromthe | ' ?_Iﬁz)ﬁ | Sell Rhd @ﬁgi p 1Al
to anal og convert@%mfbk{eém??é%n? t g“Bi% @%%ﬂlgiﬁggﬁgggﬁggg%% ovurglls1 npl e
t he incident 3. Zhamvepbfromi the differcun tixeSldtk of) the ildcabreceive s 24 fBgectivelpnpl oyed
to provide the requisite cogpensation. ..A f.]rs L Xxer, 192.5 up-c erts the
baseband frequen s’%f?ld rf& t@e %‘. g'éiawr&l %‘éeéfl{yo?iﬁnﬁ]f“at Igl)e qag}%a?fmgﬁg}le[rﬂg

((:om):)i nedI s} gnal dreghenest chmnfelsr;nﬁbcefesadl bymgdhémtlengnﬁdé #1 end Dm{Jdeyel]l?andpass
| F) anplifiers 194 ang 19 T i rst secon andpass LFE. a ifiers
194 and’ 196 pr ov THRAAEA L 8E7 B copiired e ef Eotne SERS doRty GR9TBOS! and
58.20 M-z to 60. 1Rk fiversity GR2S0.1 TRE NighdrfaligSebdiveatsighaPibilh 8knl te inkeaRa) S

are conbi ned, , 10 upconverted to the r.f. frequenc% band within r.f. mXxer

198, and passid @FEODIGRESSAS by FithaRRYE Fhannsl, madulg #b on dABE chanagl madile §2.f r om
880 to 890 Mz, g the drehi IoIGfﬁ?‘l‘ﬂwgece}Oe' Mhdeband Recei ver
A5 th 1ENS i &

(WBRX) Section o deband 1Iranscel ver J eferring to Figure
9, the WBRX section 18umeg eaveto Higure ke bloekidizgram s provisied nfih singlel BBXed by
antenna system 1 o ' parti cul ar,
t he WBRX convert?h%ﬁgﬁ#ﬁ@'ﬁ%g{ﬁ?@ ?0. H@’égs%lgf gl&néno g&m‘%‘ﬁ%&‘ﬁ 11c‘i‘lg}ﬁiat al data
stream f or i nser tpaviculantimetsive of thgHomb eexdive banR4.r e iwidebbads 30472 NMiggs dipitaldent

20 r.f. sign 0.8 t0.849. MHZ) s, if. necessary. for,aut t.ic gain
control, att eﬁua%%&gb@o'gﬁeelﬁ%t’?ﬁewf fb‘% 2413 ?p@&ﬁ%ﬁoﬁ égéqf%t@f'?r\/%@%a fq’%f‘f er
network 214 provicoeeoligdiby the/BSC 36 Iaghiticelar, ali¢ BSS 36finsthretsBhd dipital(tun&. 260f r om
835 MHz to 845 M4z, and. fram 846.5 to 849 MHz). An r f own- converting
ni xer. 218, coupl &§ @B“Ph@sﬁtﬁﬁtr%ﬂ"% WW&#%@?‘M‘PQ/@%@WW s
network 214, serp#sthtQignal at an assigned frequency. The digital tuner 260 is functionally

represented as including a mixer 264, numerically-controlled oscillator (NCO) 268,

20 high-decimation filter 272, decimator 276, and FIR filter 280. The digital tuner
may be implemented using, for example, a GC1011A digital tuner from GrayChip

of Palo Alto, California. In the exemplary embodiment the digital tuner 260
produces a complex-valued output stream over in-phase C) and guadrature-phase
(Q) channels, each of which runs at 80 Ksps with 16-bit resolution.

25 The DRX channel module of Figure 11 further includes a digital signal
processor (DSP) 290 programmed to demodulate the 80 Ksps complex (I,Q)
output stream from the digital tuner 260. Since each DRX channel module
supports either a reverse. voice channel (RVC) or a reverse control channel RCC,
each DSP 290 is configured to process either the received voice or data

30 in_formation. In both cases an FM demodulation operation is initially performed
.ul;on the received information, at which point the FM-demodulated information is
subjected to either voice processing or data extraction. When the DSP 290 has
been programmed for data extraction; the FM-demodulated information is decoded



25 mx the received signal down to within an I F band extending from58.6
to 72.2 WMHz. Due to the 1.5 MHz gap in the B-band, the resultant |IF signal
is split and separately filtered by a first and by a second | F bandpass

filter (BPF) 222 and 224. The first and second |F BPFs 222 and 224 provide
filtering over the IF bands 62.20 to 72.2 MHz, and 58.20 Miz to 60.70 Mz,

respectively. §bomessrz The filtered | F si gnal s fromthe fi rﬁéT,ggyg,lsgggond
| F BPFs 222 and 224 are then conbined, and | |ntIy prow ded to an | F m xer

226. The IF m xer, 226 trans| a esthefr uenc I n |g to
onal of baseband A TRERAG0E) uBAr R PO HpRLly Tt 3D Ereas e dala- SHtn
The filtered analregehrapnrhann@Rathe BSP 2909 az;lo%}m;zperfonn SAT and ST tone

15 PCT/ US96/ 11954 sanpl ed by anal Qg to di |_converter
(ADC) 234, and t (ieteptdany|as Jvpll afi vios preressing phihe dynespegi %daPa{B}e Efhto the
hi gh- speed | ocal gRag\%s3bus 24. VII1. DRX Mdules 5 Referring to

Figure 10, the internal organization of an exenplary DRX nodule 28 is
il lustrated i furtheRefhetieg lo FignreFi2garrepresentatine IMVMOI'&H egemplaryeen to -

i nckude a set of ch
has access to théﬁ%ﬂg%a %ﬁ’\?%ggﬁfzyéa?%&gfﬁ%lWe am’}é ve ’Bﬁ?fdgﬁgﬁm@@
m)di“ gs recei ves demrgrodiced b$ tifeudigitad nenet 280nid ?en ¥6<be applied ad ab?jmpa‘iﬁ;ﬁlter

i ncludi ng an assi to C i nf qr,mat oncrrle

particul ar recei et *g@qi@h ’@H’gﬁﬁ‘é‘ﬁ‘ ‘SHFYI e8!’(¥c“e P°hG f‘ﬁ%‘”l“ﬂ'f‘%‘?%ﬁ?ar%
carried by its agesgmad rEduRfiMIOCKsps REMPRK dafatRaRXpfvalea @b an el € i nserts
the processed I nformation into an associ ated one of the 192 TDMtinme slots

of the TDM rekbi dempijaigndl0, thiagsigsgbseng§rmeasuregisny deiBlgi 1 0 adath DRX
rodule 28 Wi th EeadiSh ikl 0L BARR RlmblG SHEMHEARSHARE erky | NDET on

wi thin the frequency-nul exed si gna y the ceive bus 24
is processed by madsﬂrémemrﬁrcﬂRXl?:paﬁrmis ansighal etrength maﬁa&mmnbpmﬂmsmcted

into an assigned tine sI he TDMre ve bus 32a. _ As i oned above,
in alternate enb&W ¥R R’He(‘)aé%'é’"rﬁqag s'ifs‘foekf@?uﬁﬁ’ﬁ’é'@ fafior g’?rgh't é’a SQUATIIE o
or nore di stinct yseCind Q0npoALAS of wchlsadﬁaww&écﬁna&i stEeRhl iafidl ) Qinhin@igent

cel l sectors qQt her alterna |ments pairs of sectored
antennas are eplléﬁﬁa‘fw{e‘%ﬁ eéf“i)ﬁ rPé‘%gachse‘F"é‘ér litating spectral

diversity reception offhé F8Nadhodul 060 mtupkaﬁtesrtbtdsmwmbnhé QEnpRRCENN sigrall
accordance wth one aspect of the invention, the signal ener(g% rece| ved

from each such sERMBRSIEhEHAGuEnes Off (N sample Haﬂfélfﬁcﬂi‘}élfr%ﬂ therderimatare3064%,
| b
antennas, is assb&@&%lﬁé)gg ggﬁowrﬁ?%ﬁ%ﬁﬂms. Lﬁet@xlrﬂﬁmg’lnzﬁggle e IFRl/QY $Sdale bus

24. For eXarrpIe In an e I men a palr rsity sector
antennas are depl(le@kshnipie pancnddii) timewferaidatlsgﬁteaﬁwitéﬂg sgries of anglespaThet e

antennas), t % ! ﬁﬁl%l-diffgr%ﬁtjla\(ion l?unsr.:tu%rél1 m\%?lf: %pgr%x}nlla% 19)1 \tﬁn gcme difference between
successive angles, since the exemplary 40 KHz sample rate greatly exceeds the 3
KHz voice bandwidth. '
Again referring to Figure 12, the demodulated 40 Ksps output produced by

the FM demodulator 310 is applied to a continuous wave (CW) processing network
25 316, and to a voice reconstruction network 320. If the channel demodulated by the
FM demodulator constitutes a reverse control channel (RCC), then processing takes
place within the data extraction network 314 and DOT sequence detection occurs
within the CW processing network 316. For a reverse voice channe] (RVC), both
the data extraction and voice reconstruction networks 314 and 320 are operative.
. 30 In addition, the CW processing network 316 detects the DOT sequence, SAT
' signal, and ST tone associated with the RVC.
Subsequent to FM demodulation, processing of information received from a

mobile unit over an RCC alternates between two states: (i) DOT sequence



mul ti-pl exed into six tinme slots. Since the |ocal receive bus 24 is nade
avai l abl e to each of the K DRX receive channel nodules wthin each DRX
nodul e 28, any 30 frequency channel received by any one of the diversity
sector antennas could be processed by any one of the DRX receive channel
nmodul es. In such diversity applications, a diversity link 250 (Figure 10)
Is optionally ' bet ween adj acent DRX channel nodul es. npl e,
consi der the W%‘lg@?04612 18 16 Pé%'ﬁ&”%&
PCT/ US96/.11954 case in which DRX channel nodul e #1 and DRX channel nodul e
#2 (Figure 10) ardeteation, gné @it datapextraetinn. t Fash RS 1 progrseadcsymilariyy rat dyringei ved

stctor: 1n this oo SERANAURNE R ANohaNar S babk SR Tl MEREEA |

extract the same deteetipneare nlsb perfhﬂmudel Infeachinstancedstdté @) emrtinuesnmts kAQT of t he

| ocal receive bus 24 respect and s nd.,

i varsi Ly ot e dedinteds Bagrpdoa sytay g SATIST odlErion GRA xBTS afeEiRton are
processed by DRX sadpefded! mﬁu*&cﬁén fafl ob¥RYs GHIDRREACHOR G kiR Hst Wl lifl tHehen be
conpar ed by exchanglvpgyschnal quality information over the diversity link

250. The hi gher dem&i cef %l@ﬁlaéqllgﬁ'ém thipeqcurrence of idtimerewtrqopdition.0 " af t er
processing by ei tdiﬁfa Etﬂ? &, #1 or DRX channel nodule #2, into
the appropriate tirnme slot the recei ve bus 32a. Turning now to Figure.
11, a bl ock di agram i Sumingayetd Bigure 3, adleckRigrarm anshownmiich & di sposed to

process an assig fr e hannel  fr I of the
| ocal receive bus Fm%hg‘ge {\%_c%%gl ﬁ p?%g#%%@%go%é&a rl?éjljg%d vg'hln;glth%n P %t rom the -
| ocal recei vellusechdstrustiapmétiverk 320. Tl dpinfodbilated veice 26f0rmattondrom sheckMt r ol | ed

by the BSC 36. | icu e BSC 36 instr he | tuner 260
via control bus Q%BP%}! :%lg’c’t‘ ap;g}eg,{pg% hﬁ%ﬁ ert'ﬂhe“@f bge"%@tfhe | ocal
recei ve bus 24, tupsofimafen) 6@8/@&va$§1!-affe>étv¢eé@gwaw3 000 @1z¢(li Divd @-erhphasis 260
is functionally represented as inclu

nuner i cal | y- cont figeT &9 isdeliqwedihyra PW%Q%B%% 41ﬁr whlcﬂé&qutW by @}

272, deci mator 248 pagBshd fanfO JotZ?KH%%Qd billesth:'b%é Flovidiiedo @B %f Bfenuation
|rrpl enent ed usi ng_ for exa I tal tuner from GayChip of
0

Pal o Alto, Cal3i f &om ato 2k ”ﬂaceﬁﬁﬁr@ﬁr&bé :sﬁirnm the &PHi4j#taz¢ then passed 60
produces a conpl I ’I‘Rziifuﬂ I

quadrature-phaseﬁ?%yﬁc#anlne S, %hggtﬁﬁg?%v@?égﬁo {r-égﬁésg@tg%%réﬁlkrgtg% a%c?]éoﬁ t
resol ution. 25 five (x5) o 8RXspsharthEbpsnodul e of Fi gure 11 furt her i ncl udes
a digital signal pr oCRSSQr 0 duI ate .the .80 Ksps
Comiex (10 out but - R SRt & Keps BT T Foiee fub i Peaie sb8 1P
channel rmdul e ssgp}abmtcﬁomprbssfonanoc&ﬂeﬂsﬂe Tm:sanusehamhel dB ihdmge o the leesl of Se

(r:ggéir\?ledccgin | Eccgcizg n?g s%fdgtggtréasm ?oogg rmeé tgr%cgﬁchanlgtte h% the

decompression module 418 is designed using conventional techniques to allow

processing of FM speech over a wider dynamic range than would otherwise be

possible. The voice demodulation process is completed within a y-Law

compression block 420, which inserts the res.ultant 8 Ksps stream of 8-bit voice
25 datainto an allocated time slot of the TDM receive bus 32a.

As described above, BCH-encoded messages are combined by the digital
data modulator 118 into FOVC and FOCC data blocks, which are subsequently
used in creation of a Manchester-encoded waveform via FSK modulation.
Spéciﬁcally, digital data modulator 118 generates a sampled FSK-modulated

30 waveform in which four samples are used to represent each bit of Manchester
code. In the exemplary embodiment, a substantially similar data modulation
process is assumed to occur within the mobile units from which RVC or RCC data
blocks are received. Accordingly, the data extractioh network 314 is designed to



30 information. In both cases an FM denodul ati on operation is initially
performed upon the received information, at which point the FM denodul at ed
information is subjected to either voice processing or data extraction.
When the DSP 290 has been progranmmed for data extraction, the

FM denodul ated_i nformation i s decoded 23 WHAT IS CLAIMED | S: 1. A

wi deband base ¥X{%H2for sinul taneously comggnicating with PEVEPRMISY of
nobi |l e stations, said w deband base station havi-ng an out bound narrowband
data bus 5 . ( etheet therméseapes wnodbediinpthisrmdnnky from el trdveived RVQE aidrRCOMdata
signals, and a w deband transmtter (18) configured to nodul ate a conposite
out bound baseband lé"f’lésmal from an out bound wi deband data bus (84) and
transmt a conposite rpagidwih QEEQSRY DO RYUEH: Ye@Bidn, N@if EXtrdchEn network

I nprovenent conprises: a plurality of di %:yt al transmt nodul es (80) coupled

to sai d outbound 3Bt establigkasadaerd stocl phasehyLetezmining sereteressiges based oatkei t

dul 80 fi e i ;
o produce one or Hassefly BARES 36 MEcEaNofe HmAey, st QiiBhorilo thoRfr
transmt nodul e | moktudcantly réjved Mandbdster @ode Bit)) OCacruglbekdptiase das wbeput bound

narr owband data bu I d canfiqur t o _oodul di gital carrier signal
usi ng one or nor eesgqb?’gléﬁ%d 18 absdined fo rema?rhfooplﬂgﬁe%ﬁmmg%tip é‘eﬁrﬁg?cfggue%e
produce a nodul at ggthini tBe sdceivbdiat@a blicki t al frequency synt hesi zer (114); and
(c) a mxer (113) coupled to said nodulator (110) and sai d digital
frequency synthesi zer TheiMpnchestercende imaybeetested aad Jeepvered s ndpr example, 2
signal to a pngdefy ; Vel rgﬁl#&gs' or
nore 20 10 fwﬂ%@@%ﬁ%@gﬁy@ an %téggﬁl%ﬁégrsy?i%) courp'l gggg’%gi d
first digital trasysohronizatibn aadadescrasablingsaperationsiangipesfiormedanbnihe exemiplhey and
sai d out bound w deband" a.bus 4) and confi.gur to_conbi sai | rst
ot bound basebancpumen Heitpblid pfes EPRarAY e et e phele B ¢
conposi t e out boungpaiinben thesBCH-ahcoaadl niessapé Gve. Jserambled G@ENOSItHiS eseht bound

25 baseband signa] .to said outbound w deband dat a bu 84). 2. The
wi deband base st arteF%ﬁe%‘?a“t‘:PlgFlfn f 1GlA arcompaRyes ’?B‘?‘H‘Oﬂi"gi"éeaﬁc)“‘l‘?@?% word

nodul es i ncl ud§s: infiktesithe! dukrbet bf/repétitiBRAs Bf BeQtmn{blebOloBOMMiR the Rc&idédidata
out bound narrowband data 30 us said configured to nodulate a digital

b
carrier signal usPAgk t Ferhorepsiion ofthesserambled wordisithe Ryffered wntil thegtogdr “t o

produce two or MOpgicHRAlHiAb&bITESERAbSS ark hicefiel! Ural ity of digital frequency
synt hesi zers (114); and . '
Bit-by-bit reconstruction of the scrambled word is then performed by

majority vote using table look-up to determine the most probable bit, as well as the

20 number of bit errors. The scrambled word produced by this process of majority
vote'is then BCH-decoded using conventional techniques, thereby yielding the
message originally encoded and transmitted by a given mobile unit.

IX. Multi-Sector Diversity Communication

25 As mentioned above,:in alternate embodiments the antenna system 12 is
implemented as three or more distinct sector antennas disposed to independently
service different cell sectors. The base station 10 is designed to be easily modified
for operation with such a sectored antenna system, as well as with a sectored
antenna system in which diversity reception is provided within each sector. In

30 embodiments designed to facilitate diversity reception, pairs of sectored antennas
are deployed in each sector to receive signals from mobile users within the sector.
For a three-sectored antenna system, separate wideband transceiver modules are

interposed between each of the three sector antennas, or between the pair of



24 (c) a plurality of mxers (113) coupled to said nodulators (110) and
said digital frequency synthesizers (114) and configured to translate said
nodul at ed signals to predefined baseband frequencies in order ta produce
said two or nore baseband signals. 5 3. The wi deband base station of
claim1l1, wherein each of said digital transmt nodul es further includes:

(d) an interpokal#lesér211l) coupl ed between said nmodul at or (11Q@eraRdsE@sd
digital mixer (113) and configured to interp¥l ate said nodul ated signal. 10
4. A w deband hase. station for. sinultaneousl ommuni.caf i iih_.a
Siurality of mobi THSEESAEHES st et iat: Bacte SRR 1arva R Ty TR 88 ang
recei ver (16) conéreggy rdeival fromeastesieh degernantiahat @ from eaghomdividuandioersity
radi o frequency signal t.o. provide a.c psite .inbo aseband si.gnal .onto
an i nbound wi debaﬂg‘”ﬁ‘ét“& Whgach sepfor, %@g‘gwsi@d by Fmﬁeﬁ’%"r%\ﬁﬁgﬂﬁl‘{ﬁw
bus (32a) coupl edirificGAFEHulAh 4 Shetific MeaMNadn thb okal ReGve BIEILI N the

i nprovenent conprises: a plurality of digital receive nodul es g28) coupl ed
to said i nbound w debdndikgamaangn, sragsmiysionetechgiverc mobide westlin divessity i gured to
process said inbo ' P e A .sal.4d»
I nformation si gna@%ﬁ%@ﬁggggﬁmg%sgﬁ%g?ﬂ ?lgcc{é?éég&ﬂ?&ﬁa %%{HJ%F(%I? ({b%llg IuJﬁisng: (a)
a digital tuner (60 affondpigate mostsmivahtzgebovisighalvpathiatie mebike dnits Byd-
configured to provide. a.digital representation.of_one or e of said

i nformation si gnaﬁ"ge'glrvbsmns’g}ﬂ&la’ieﬁ’ﬂ%3%1%532@8%’3 by 8?23}?0 aéﬁtg'gr(tﬂye Sots

denodul at or (290)equivdiRhe® th® nedibet ofiigdiviabal divessity (aAfeaAnasa®@@. 28x antennas for
configured to gem)dul ate said digital representatjon of said_ogne or nore

i nformation sit§nahEeseRoishdt Besehie i rBiEdSATHTIVETEY 2UPRAP & differgnt fifas siok

sai d i nbound nar rguRanscl BT Biktind3AcHuld B BRUBSEr R vasiband kighdl Fata'iRfo%hy ©
nodul es (28) and configured to conmuni cate sai d i nbound narrowband signals

to said external time Elet ofr tbe 1zl WSmitlbm&mmigteﬁqviﬂa@e divezsity antenna beshable
4, .wherein each of pglthsdiFbmliof &k ol dHi GSsigried Ly R Sime siof®

Figure 14 depicts an exemplary manner in which signals may be coupled

A

15 between the local transmit/receive buses (84°, 24’) and a set of six diversity
antennas 12a-12f. Each pair of diversity antennas (12a,12b), (12c,12d) and
(12e,12f) is assumed to be deployed in a different one of the three sectors of a
three-sectored cell. The two receive diversity antennas (12a, 12b) within the first
cell sector are seen to be coupled to a first antenna unit 20a. Similarly, the two

20 receive diversity antennas (12¢,12d) within the second cell sector and the two
receive diversity antennas (12e,12f) within the third cell sector are coupled to
second and third antenna units 20b and 20c , respectively.

In the embodiment of Figure 14, both the local transmit and receive buses
84’ and 24’ are multiplexed into six time slots, each time slot being assigned to

25 one of the antennas 12a-12f. For example, antennas 12a and 12b could be
assigned to the first and third time slots, antennas 12c¢ and 12d to the second and
fifth ime slots, and antennas 12e and 12f to the fourth and sixth time slots,
respectively. The local transmit bus 84° is initially routed to a first WBTX section
18a of a first wideband transceiver module from the DTX modules 80. The first

30 'WBTX section 18a generates the r.f. output to be transmitted using the wideband
aam within an assigned time slot(s) (e.g., the first slot) of the local transmit bus
84°. '



(a) a plurality of digital tuners (260) coupled to said i nbound w-deband
data bus and configured to provide a digital representations of two or nore
of said information signals from said i nbound baseband signal; and (b) a
denodul ator (290) coupled to said digital tuner (260) and 5

configured to denpdul ate said digital representation of said two or nore

i nformation si ¥R 94$2ovi de two or nore denogyl ated signals. BCI/USIER1954

wi deband base station for sinultaneously communicating with a plurality of

mobi | e stations, said asdrkard Byasiguet B R lobd vbdefredsus 04t bfigiates af thewband
data bus 10 (32h). for receiving a plurality of outbound information

signal's, a wi debaMBR¥ s#sian dbepf p tiyd waebagh frangceiter ramaTisRdcotAhe SYRRE t
out bound basebandgiigh aé. aA WAL Yo He Wrilehaardlate vhoe |

transmt a conposite r o frequency outbound signal, a w deband receiver
(16) configured t transgdtchusB4srid paditioed mtansiy tieenihess resecinted @nradonestgiape basis

frequency signal oV 0 j . D '

nbound 15 © Sui § iRl | ARIR ool bl iR AN i Wi e e
(32a) coupl ed to WBRNsdictionslboaminl Gex hewahilas betweer thecdWBRIXeseetionst I6a and 16b,

i nprovenent conprises:.a plurality of _digjtal transmt ul es ) Loupl ed
to said outbound %’i‘ﬁaﬁaﬁa’eﬁé‘? L{“%Eﬁe ?%%E%PS‘*‘?QBEFQ?&##E&%‘E%
(80) configured tgelé@r Re6ivoBEs 24° [T AAe AlaikBledo ieAdhOsfiE OMRH 28ive chihnel
produce one or nore correspondi baseband signals, and each

ng_ 20
digital transmit WeeuieseWitHe cah Rgzx madule 28(Hignee: ¥, y1fssquensyprhannel geesited
out bound narr LA: i t ISl ier
si gnal using 29261(;}8 rr% Jg# ﬁ%éﬁh&ﬁ?@%@%ﬁ%&%gﬂ a?n&o@aée%sggtdo&)pr ut%e a
nodul at ed si gnal ; of(thg DRX regeivelchdrmelymoeddys. synt hesi zer (114); and 25
(c) a mxer (113) coupled to said nodul ator (110) and said digital
frequency synthesizer (114) and configured to transl ate said nodul at ed

signal to a predeXi mBemprasRHEichr ReAIRAGYN bHa WXIEbus Subdy§iemce sai d one or
nore baseband signals; _a conbiner (116) coupled to said first digital

transmit nmodul e and saF#usold is 2 HlgeloAREAMABAHG IeRPERSHPR R EXemRiary G bus
out bound w delhgndmgdiid BalFaddtor @B InveRfid Btk edud® CRHEhOGIAbbddihétt of

out bound baseband si gnal and sai d second out bound baseband signal as said

conposi te out bourdigwadsiinsiudesiaghl medulettoangaebyer §60 somprinfBEYXEPEET 26
oo oS POURS LR L BN 1 9581 gl el o)
wi deband dat a bustypespecifiedbi LEBE eSkd el I65.d Bach ¥0fIfhiug wrogldletis upsdomdsplesizintia
I nbound baseband BSC, DTX, DRX, or wideband transceiver module, and may be physically realized
20 using a printed circuit board (PCB) or the equivalent. The local receive and
transmit buses 24 and 84, as well as the TDM receive and transmit buses 32a and
32b, are comprised of a set of electrical buses collectively forming a VXI bus
backplane. In this regard the TDM receive and transmit buses 32a and 32b may
each be realized as a VXI bus Trigger Bus of the type specified by IEEE Std.
25 1155. Similarly, the local receive and transmit buses 24 and 84 may each be
implemented as a VXI bus Local Bus in accordance with IEEE Sid. 1155.

Figure 16A is a block diagram of the transmit portion of the VXI module
transceiver 500. The transmit portion includes a set of DTX modules 80, each of
which is assigned to a one of thirteen VXI bus "slots” (i.e., hardware addresses).

30 The DTX modules 80, as well as the WBTX module 18, are coupled via "P3-type"
connectors 510 to the TDM transmit bus 32b of the VXI bus backplane. Each
P3-type connector 510 meets the specifications set forth in IEC Sid. 1155.



signal to produce one or nore of said information signals, and each digital
receive 5 nodul e including: (a) a digital tuner (260) coupled to said
i nbound wi deband data bus and configured to provide a digital
representation of one or nore of said information signals fromsaid inbound
baseband signal; and (b) a denpdul ator (290) coupled to said digital tuner
(260) and 10 woo9mods12 configured to dem)dul ate sai d di gi t alpcTruseeri1ess
representation of said one or nore i nformati @ si gnal S prOV| de one or nore

dermodul ated si gnalgg;, e
coupled to said digi talﬁﬂr ec éo’ﬂné: éjgsw%% § aﬁ’dé [ gure 'ﬁg&g%érrﬁ.zar{’%c%?e
sai d i nbound narr MEanoﬂugnhﬂ Eo the)lcx:a] mlansmitchus &4 oﬁthw\ixnb&kplhﬁel The

wi deband base station gf claign.6 (A) .each,of i i gital
transnit nodul es inclu @5@1@1%%%31% J’e#%dmr%?%?é&?%f&)'g@ﬁi)l ed to
sai d out bound nar traudesiver Sbatia bhwc didirshn Govnd. | Tadtticn Qo TRCWBRDE afd BRQI t al

carrier signal ing two or nore of said information signals
in order to prédué@dl‘\%l@ﬁnqr%@ éhmﬁll"ﬁpéﬁl%ll%%ﬂeéa setoof RRX| medulest2B. oac
digital frequency F)Hg'[MI rﬁ’&ﬂ I ar”ifkﬁ 13)
coupled to said rrgdul ators 110 a%%icsal d %(%:ﬁ i%g hﬁ%thga)rf\gﬁﬁsynt égsl gzlé}rs

(114) and confi guhaving & uniqusaddatss. igaih, P3-type connectors 5 Imeleyubdsnogmapls to
pr edefi ned baseba i wo_or

baseband si gnal's; B WB%% o?gg Cg]eilesﬁgtng{eg% go @8%&?‘?&”% Ilﬂ‘&és
(a) a plurali ty ofecdilvglbustls paiaml 24 6260 )vXiobyekslshet 0 sai d i nbound wi deband
data bus and nfi gure OVJd a digital represeptatigns of two 30

or nore of sal |nforngqq ‘ZKP& Wﬁf‘é’giﬂlf *P?P&Huﬁgassé?ésaﬁae@&%by and
(b) a denodul at or F{@9Q- mua&,esle &d?nf'fgaied té“sgip*oﬁ'a vadRB of(20fhlerBsl sAhdaED

SHEET 27 configured to denodul ate said representation of said

two or nore inforffedi GRMLGRRMA P -gdn f%f%ﬁrdnm'ﬁ a3d R mpdales dpsigned 30
WO 97/ 04612 effect modulation/ demodulation #h@ other signal processing requiréd!| é)uz?‘%ﬁ/e;r 1354

interface standard may be introduced as necessary into the VXI bus subsystem.
15 For example, CDMA chip sets for incorporation into the DTX and DRX modules
are commercially available from Qualcomm, Inc. of San Diego, California.
While the invention has been described with reference to a few specific
embodiments, the description is illustrative of the invention and is not to be
construed as limiting the invention. Various modifications may occur to those
20 skilled in the art without departing from the true spirit and scope of the invention
as defined by the appended claims.




Sinilarly, P3-type connectors 510 are used to connect the DTX rodul es 80
and the WBRX nodul e 16 to the | ocal tramﬂmuﬂmnmﬂﬂrﬂ] lhe VXl backpl ane.
Figure 16B simlarly depicts the receiv u,VXI nodul e

transcei ver 500 in block diagramform In aflditidh to the WBRX and BSC 5
nodul es 16 and 36, the receive portion includes a set of DRX nodul es 28.
Each of the DR¥9Y@8¥ and BSC nodul es are asgigned to a part ipcwluspe/M¥84 bus
sl ot having a unique address. Again, P3-type2 connectors 510 are enpl oyed to
coupl e the DRX, es as necessary to the TDM recei ve and

| ocal receive bu%yaﬁ%@ﬁgﬁht he VXI backpl ane. 10 The VXI bus
i npl ementation of the inventive base station exenplified by FIGS. 15-17B
may be configured to su t variety of air interface,standar, e.g.,
CDMA, TDMA, GSM.%*In ﬁ%@ﬁa@imswr éﬁ%&e’b?éﬁ trAvSTitHee Aol d’?t“gfgé’?‘!é’gt
nmodul ati on/  denodignalksippéviddichyod B&&esﬁbxﬁlﬂ? plRfalifessinp@t siggllified sy viddanEn
air interface standard may be introduced as necessary Into the VXl bus

subsystem 15 5 FORNERMELFYSEICENBPTINIG sets for incorporation into the DTX
and DRX nodul es are Ccommeelidd inverBbaidbARlBiplekia ,ﬁgﬁqg‘.- £l hal
Diego, California. Wiile tuhel I nvent ?onﬁﬂasp%eeg]sgg?éri b c? v{nﬂ%ﬁnéﬁeo gﬁéncse to
a few specific erobteddimppetsdata bus; description is illustrative of the

modi 1 cati ons may occtb PG b IEdEHal o Bl 1 BT RaE s KL G
f 1r om the true spiofisiid photalitg of digith] trévsminmedulésdeingsdistosedivdproyess bae epmereded
cl ai ns.
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PCT/ US96/ 11\595479\/\16?%” fprmgtigp signals thereby P’ﬂd‘b&‘%%alr‘fﬁﬁw ghbaseband, signals; om f or

transmitting a plural ht“)i?ébfand @Jﬂhﬂ@dﬂd&&v&k%aﬁléd RS Q¥d pRehiy oft dipftal ®sRARI Ng
plurality of input signal lines, said wdeband 5 transmtter system
conpri sing: an i mmdules) said widebandasumnfation metworlpinehiding meedind fpl sequdnitinlly of

i nformation sign on an i.npyt .data hus: ,a plurality of. digital transmt
modul s coup eql AR A8 o B nIORA ot Sl oo wRepihag b 5
transmt nodul es bei ng widebpnd ansimitter; ooupds torseidowidetand da tofs, foxigdnerating a

i nformation sjgnals.t.hereb oduci ng._a plural,ity of.baseband signals; a
wi deband sum‘r%stgi %ﬁgsn"élpm it Wx%eg%rp & etqgmg% o &a é}lrlg%p't ?/f %a?é"&f‘ ‘gis{ggﬁls‘t ransmt
nodul es, said w deband summati on network including nmeans for sequentially

addi ng each one Qf saj lyraljty of basepand signals fo.a.u deband _data
bus; and a wi deb?md tlrrg"r\gﬁeg’?@r"&/’@lﬁ‘ﬂfﬁﬂ'(? mehw g’\ﬁ“d@ﬁ ﬁ&sﬂgﬁtpgl’%,"ffor
generating a 15 YipghaS@MinsMitoodBesghQhdesi N response to said plurality of
baseband si gnal s.

a plurality of modulators coupled to said input data bus, each of said
20 plurality of modulators being disposed to modulate a digital carrier signal using one
of said information signals in order to produce a plurality of modulated signals;

a plurality of digital frequency synthesizers operatively coupled to said
plurality of modulators, each of said digital frequency synthesizers translating
frequency of one said plurality of modulated signals to a predefined baseband

25 frequency thereby producing said plurality of baseband signals.

3. The wideband transmitter system of Claim 2 wherein each of said plurality
of digital frequency synthesizers includes a digital oscillator tuned to a different
frequency.

30
4: The wideband transmitter system of Claim 1 wherein said wideband

summation network includes a plurality of digital adders, each of which is coupled
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2. The wi deband transmtter of O aim 1-wherei-n.each_ of said plurality of
digital transmt nodul es includes: a pl i of nodul ators coupled to
said input data bus, each of said 20 4@@@”’?”’1’” mw ators being .
di sposed to nodulate a digital carrier L o of said information
signals in order to produce a plurality of nodulated Signals; a plurality
of digital fre nt hesi zers operatively coupled to said ' of
nodul at or s, ea%sg?/&sé?i/d di gital frequency sydthesizers transfg*#%gg%}lﬁsx
frequency of one said plurality of nodul ated signals to a predefined
baseband 25 freque®e§ of fid BiyfElipr efodigita Jrequency syrthetizes\and reesivgs Samene of
signals. 3. Theai [eR6h b bhRBE SiRils fredieiRbeby! al m 2 wherein each of
said plurality of digital "frequency Synthesizers includes a digital
oscillator tuned to a different frequency. 30 4. The wi deband

transmtter system of | ' 1 ] . he r

I ncl udes a plural irgfy og ‘3@#‘8}%&%@&?’3 ?ﬁae%%#‘%%m%%%g@&%
97/ 04612 5 ' signals provided by a correspondig plurality of input signal lines, said wideband
PCT/ US96/ 11954 to one of said plurality of digital frequency synthesizers
and receives the GCHBSBYELSYSEMAOMPISINEY” of baseband signal s produced

t hereby. 5. A Wi debamehplf BreSifictaey for Wailapreting sdid plasdkiy bf Morthalbd! kizhals Y
of information 5 signals provided by a corresponding plurality of input
signal lines, sai @R WoBRHdaRYBsi tter system conprising: an input |ine
interface for nultiplexi hel it el @l | ' il an
| nput data bus; a pl urglp%ﬁ%‘?ﬂg%@t@ﬁkwgggn%dp{egg&%ﬁﬁpghgﬁgﬁggﬁg, said -
i nput dat a buslO 16acheefisaigfdigital thansmjiteranodulesrisctudinga setonfchamne] motiulds fay a set

of channel nodul e . f. digj baseband si gnal s .of
differing frequen f/rteg%nrnggags géﬁ’ta‘? : %ﬂ t% 3:? egsnsag?g'gﬁh%sf;ﬁgerﬁﬂ%ﬁa ulegciy ‘??’ef?ﬁng%tfi on
signal s; neans f or sewoeftsaidgplaralivy b haformatiwhasignalseam t hr ough said plurality of
digital transmtter nodul es, each of .said plurality of digital .tr mtter
nodul es i ncl udi ng 15 rrg’msf?ro “3%?1\"@3"2’&?‘58%?“?1’“ éﬁrﬂigpaﬁ’“%ﬂ’g%ré%%f%n‘gg al's
produced by said chammigér fgdhids Seach DE kAU Pluralits if dipialebmeied dctufs HRAMding nd
a wideband transmtter %&ed to sajd vm'de‘ngnd_ dat a bus, for_dgenerati ng a
wi deband trangmi s3e8R {7A s st Hg‘@ B sigpaly produesd by sqid ehgnnelg

The wi deband tr angigdtle® thefehSlotMidokidehaad Bata WREmERqy @ first of said digital
transmtter nodules includes: a first plurality of nmobdulators within a
first plurality of sai#Wiehsnddransmitter, coupled to said wideband data bus, for generating a

wideband transmission waveform using said wideband data stream.

200 6. The wideband transmitter system of Claim 5 wherein a first of said digital
transmitter modules includes:

a first plurality of modulators within a first plurality of said channel
modules, each of said first plurality of modulators being disposed to modulate a -
digital carrier signal using one of said information signals in a first of said sets of

25 information signals in order to produce a first plurality of modulated signals, and

a first plurality of digital frequency synthesizers operatively coupled to said
first plurality of modulators, each of said first plurality of digital frequency
synthesizers translating frequency of one said first plurality of modulated signals to
a predefined baseband frequency.

30 ;
7. The wideband transmitter system of Claim 5 wherein said wideband

transmitter includes: ' I
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nodul es, each of said first plurality of nodwul-at-ors—being di sposed to
nodul ate a digital carrier signal using one o el lufaf tion signals in
a first of said sets of 25 information s j ﬁa‘ﬂ%‘mﬂl o -produce a first
plurality of nodul ated signals, and a fir T sof =di gital frequency
synt hesi zers operatively coupled to said first plurality of nodul ators,
each of said fWRe/@brality of digital freqt;qency synt hesi zer ECTUAMEL1934i Ng
frequency of one said first plurality of nodil ated signals to a predefined
baseband frequency. 3G, digital to #og\bSHBASNfOF CafVeing s8id WidehHA dita SthediMo%un
wherein said wi deband transm tter includes: WO 97/ 04612

25 analog dapcyavelsusy, 21954 a digital to anal og converter for
converting sai d wi debgng: t - :

wi deband up-converter aafn‘glrdgeﬁ%‘gtﬂ% a‘{"ﬁﬁéf‘%g"f’?‘f’m @ggﬁnﬁgﬁé%gsiﬁ%ﬁé%%
anal og dat a wavefanlog dataBvavefordi. Wi deband recei ver system di sposed to
receive an i ncévldent conposite signal containing a plurality of information
sigpnals, said W deband receiver system conprising: a w deband receiver for

recei ving said irgi derf widebpfiSicbéivér yeh, disposed' 1rreckive grineident dignpositd gi t al
representation of sajd incident conpasite signal jn the formof a w deband
digital data st re%ﬂ?ﬂ%?‘\ﬁ‘ﬂ%ér?&‘%é’fbﬂf@fmﬁ?gﬁgé' St $pI¢ Wideband, msgivgr system
recei ver, to whi clynippisiapp! i ed said wideband digital data stream a
plurality of digital tuners operatively coupled to said w deband data bus,

15 each of said digi ravidehand receiver fioy recaiying éaid invideat enraposite giggal; and for

i gi ol dat o 9 ceenpta o ) opieRloBibh 37 oBl e, LEARAR st UG Rom of

plurality of digidwldebadndealigital Has sgeamydul ating said digital representations
of said information signals so as to provide a plurality of demgpdu] ated bit
streans; 20 a Widehand dyiaitusy epupled e said %@FE’P%‘HI%CBI‘@%‘B whigh 1 appledo

dermodul ators, ontsgigWoidedindafidliides Rk&xed said plurality of denodul ated bit
streans thereby formng a conposite output bit stream and an output |ine

interface for distribatlyralityof digitaluaprstaperiveli seeRleditocsidywidebandedatas b t hi n
sai d conposi tﬁsl OhHbr Qid digidl SHP-&BRRY dRpSRE 6 PR ' g idl EtbichtatiBh of Bne

out put signal |ines.
of said information signals from said wideband digital data stream; a plurality

of demodulators, coupled to said plurality of digital tuners, for demodulating said
digital representatibns of said information signals so as to provide a plurality of
demodulated bit streams;

20 an output voice/data bus, coupled to said plurality of demodulators, onto
which are multiplexed said plurality of demodulated bit streams thereby forming a
composite output bit stream; and

an output line interface for distributing said plurality of demodulated bit
streams within said composite output bit stream among a corresponding plurality of

25 output signal lines.

9. The wideband receiver system of Claim 8 further including decimation

means for decimating said digital representations of said information signals.

30 10. The wideband receiver system of Claim 8 wherein each of said plurality of
digital tuners includes a digital oscillator tuned to a different frequency.
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9. The wi deband receiver systemof Claim8 further including decination

nmeans for decimating said digital repres i nformation
signals. 30 10. The wi deband recei vef"nmnmmwmﬁun 8 wherein each of
said plurality of digital tuners includes®a fighttdl dscifllator tuned to a
di fferent frequency. WO 97/ 04612 ' 26

PCT/ US96/ 11954whlo7/p4612he W deband recei ver system of C ai m 8 pphRiseé/fyosal d
wi deband receiver includes: a w deband down-€bnverter for down-converting
frequency of said,fre NGV tinlex i : . e to
digital converter 1i:‘ougrkged&%égg%gir%&m%ag’g%e%gﬂg\lﬂ%@?g%\‘/eg?l{‘g‘r“fj vﬁ’ﬁ?b%di&\%'v eband
recei ver system dinslndessd to recei ve an. incident conposite signal containing
a plurality of information sigpals, said _w deband receipver sysfen

Gompri 2ing? 10 "2 Wil e coneitien £ Ja coaETos FIESHEAFN ot Y dent

conposite signal ,fraq&népmumgmgé@g{m #hddigital representation of said
i nci dent conposite signal in the Tormof a w deband digital data stream a

wi deband data Bus, couss anglogdo Eigital eamvestss saupled toi spisk widehbandidown-aogveres! i ed
said w deband digital data stream 15 a plurality of digital

recei ver nodul es coupled to said w deband data bus, each of said digital
recei ver nodul es IZicl usliwidebambreseivar systemeadisposatcto accete apfincidend conposie

digital signals erein.each _said.set.. ulated.digital. signals is
derived froma colPBLROETE = SR S ibraiR ey G MR S .
an interface nodudoenprisingpr ovi di ng each said set of denodul ated digital 20
signals to a rrespondi set of oytput signal lipnes. 13.,  The w deband -
receiver syst ﬁ] of O a?i\‘ﬁ%%?"gﬁ?"te}’(& y‘?rrfmm%ﬁa‘éwc&f{%?‘p‘iﬂnpﬂéﬁeam% ¥ ed to
sai d interface mogb@iinga @ty refrbchtadlon 'oflsaill Yincidentlbdhhjodtte 5SS 1iY e BPHWrES
including nmeans for_ 25 14. ° The w deband receiver systemof Caim 12
wherein a first of wilgbandgligitahpate gtream;di gi t al recei ver nodul es includes: a

first plurality of i gy by B SuEOUBLE o Bue Siaboid BB ok sl 2

first plurality of denp ators coup o saird first plur
30 tuners. 15. said widdednddigial ¢rta stream;anscei ver syst em conpri si ng:

15 a plurality of digital receiver modules coupled to said wideband data bus,

each of said digital receiver modules inciuding means for generating a set of
demodulated digital signals wherein each said set of demodulated digital signals is
derived from a corresponding set of said plurality of information signals;

an interface module for providing each said set of demodulated digital

20 signals to a corresponding set of output signal lines.

13.  The wideband receiver system of Claim 12 further including an output data
bus coupled to said interface module, each of said plurality of digital receiver

modules including means for

25
14, The wideband receiver system of Claim 12 wherein a first of said plurality
of digital receiver modules includes:
a first plurality of digital tuners coupled to said wideband data bus, and
a first plurality of demodulators coupled to said first plurality of digital

30 tuners.

15. A wideband digital transceiver system comprising:
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WD 97/ 04612

PCT/ US96/ 11954 27 an input line interf tiplexing a plurality of
i nput information signals onto a TDM tqmﬂ ]m tu!‘j"m!;r ality of digital
transmtter nodul es coupled to said TDM Uy , ¥ach of said digital

transm tter nodul es including neans for generating a set of 5 digital
baseband si gnal wosros@gponse to a correspondi ng set of said plp&ﬁbggsﬁégﬁ
i nformati on signals; a w deband summati on net®bdrk for sequentially.adding

id f digital b ' ' - i .
i deband (ransm {ter 1 of Biu iRfkRed B bRtk ARPERIR, et Bbmfrion

usi ng Sai d wi debansiguokds antetar' BV tramsmitdadsand recei ver for receiving an

i nci dent conposite signal d r.generatin igital repr ation of
sai d_incident conposite® g*“&ﬂ%f ogcﬁgﬁgmpgp%qaﬁmgu@@ g‘@'@iﬂ&&ﬁ'&?ﬁiﬁ st bus,
stream appl i ed to eachiofehidntkidpirgshiitier rodMiasiadlindiNg Bfeard ﬁ}géﬁeri & ¥B'of
nmodul es coupled_to, said w deband data bus, 15 eac% of said digital

recei ver nodul 3 i %igitaldasebandsignals \srresponss tora eqyraspendingotet of erid plurality péit
signal s from sai d yedahaogsigh@.t 8l data streamand for nultiplexing said
set of digital signals onto a TDM receive bus; and an output line interface
for distributing said i widebandsummatios nefwaris faxrsoqupntiallyl addingi gajd st of digital

si-gnal lines. 20 %Sebaaa'g%n%gﬁg?%d&i%g{ibg‘%a 'anq,scei ver system of C aim 15

wherein a first of sal 1=l rans dl es includes a first
plurality of npdul ator = widsidnddransmistei for Eebbratitys WidebRutstrarandsical waidfehm

fi'rst plurality,of oodulatprs heing di sposed to nodulate a digital carrier
si gnal using o_%% d‘fs"gaﬁaﬁjaﬁ"'ﬁ{ﬁ'ﬁﬁ“gi _?oﬁ“ﬁﬁ’i“?on signals in 25 order to produce
a first plurality of Mg :SeaRRksK redefving ol iR p@&ﬁﬂlﬂi[tgkfg{]ﬁll?bndofor

transceiver systemof Caim 16 further including a tirst® plur
di gital frequency gsperahes: digita! represcatadtipe|of said ipdiduht compasitel signalsin the foral of v

of nodul ators, ea i gt | f di.gital, freguency

synt hesi zers 30 %&%P%‘tﬁlﬁﬁk? ?%%ﬁ%%&%éﬁ%ﬁg as“élfj%aapﬁlldg? bﬁF’ur ality of

modul at ed signals to aamledbtyiafdigifahmetizsadmbddesienpled to sail\ivilobahd @43 bus,

28 [, 6/11954 18. . A nethod for conbjning a_ . .

plurality of i 1o ?%%%I-Flgﬁajlrgceb"reﬁmoé&{fs W‘%&I{%?‘F%ﬁ%m&"ﬂm%r Pt gisyal

i nput signal |inesutpnt yigadls framvéaideidebhndrdigitalidss istréam and for multiplexing said set
of digital signals onto a TDM receive bus; and

an output line interface for distributing said digital output signals among a
plurality of output signal lines. |
20
16.  The wideband digital transceiver system of Claim 15 wherein a first of said
digital transmitter modules includes a first plurality of modulators coupled to said
TDM transmit bus, each of said first plurality of modulators being disposed to
modulate a digital carrier signal using one of said input information signals in

25 order to produce a first plurality of modulated signals.

17.  The wideband digital transceiver system of Claim 16 fﬁrther including a
first plurality of digital frequency synthesizers operatively coupled to said first
plurality of modulators, each of said first plurality of digital frequency synthesizers

’ 30 translating frequency of one said first plurality of modulated signals to a predefined
baseband frequency.
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wavef orm said method conprising the steps of : multiplexing said plurality

of information signals onto an input d m m nodul ating a
different digital carrier signal usi nga1 ku "Illeul‘“ i nformati on signals
in order to produce a plurality of nodulatéd sighal$; translating frequency
of each of said plurality of nodul ated signals to a predefined baseband

t hereby produciRpemspkural ity of baseband signals; generatin d
data stream by co |n|bng said plurality of b2&eband 10 si gna?’scq.ﬂ}%‘gﬁg?ln

generating said tr nsm _ssi on m by u aLd w, deband dat reamto
nodul ate an anal o carﬁ'@‘?ﬂ’%q }ﬁﬁ?mb@@g apl ”1&?99‘?%8 o5pa cfé%?gllﬁﬁ‘”a?‘ps{’%éi dent
conposite signal eamésgmairrggpmranbwahpdmgﬁa line®to ¥iefdod Witlebahd tSingnitkidn sai d
nmet hod conpri si ng the steps, of; receiving, said |fnC| dent . conposite signal,

and generating a B’Fﬁﬁ o, WHP@Q%?‘H@R’EWWB §8P%°f nci dent conposite signal
in the formof a w debgpgh, ng, ﬁgigﬂﬁ% AR st fgﬁﬂsbﬁto%%gtﬂ%&%lﬂata

bus; recovering a digital rep ese each of” said information
Si gnal s from 20 sai d wnddiating acﬁxﬁemndmgimiaamrelaml udisgweich ertei ofgaiglai d

ol Ur a1ty of demoREPAeReY HELudirae Fot-eF pRutill S HRaBiel Bty ' of °
denodul ated bit st reanmamlatmg fraquenidyoeft eadlabﬁsdidlplurajltpbﬁmbddlmd signalsito a
Gemodul at ed by sPiedefed Mﬁ“@eﬁw eofes ¢ BUBHEB A bpPtand eal among 4
correspondi ng plural i tgengratigps RidebSidoadd sthdai€®y combining said plurality of baseband
10 signals; and
generating said transmission waveform by using said wideband data stream

to modulate an analog carrier signal.

19. A method of processing an incident composite signal containing a plurality
15 of information signals, said method comprising the steps of:
receiving said incident composite signal, and generating a digital
representation of said incident composite signal in the form of a wideband digital
data stream applied to a wideband data bus;
recovering a digital representation of each of said information signals from
20 said wideband digital data stream;
demodulating said digital representations of said information signals so as to
provide a plurality of demodulated bit streams;
multiplexing said plurality of demodulated bit streams onto an output data
bus in order 1o form a composite output bit stream; and |
25 distributing said plurality of demodulated bit streams within said composite

output bit stream among a corresponding plurality of output signal lines.
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