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DMIPLEX DECISTON FREDBACIK
EQUALLIZATION 5YSTHEM

FIELD OF THE [NVEMNTION

This tmeentoon relates fo duplex transmission of data
goross 4 lncar ome disporsive and possably Ome vaoying
chanuel. Typical covironments mclude radio, aconstic, and
coaxlul cable channels, This meveniion apphes kehotgques of
cigital filtering {cqualization) tn mitipate the adwerse offcet
ol the Dme dispersion ol such chamels oo dala ansmission.

BACKGROUND OF THE INVENTION

The transmiiasinn medinm w often modeled as 2 non-
cawsal Tnear chamel Tn this cnse, o symbal 5 reeeived he
st (i trananiciecl, Bt it s coeru pred by acklitive oo isc
and a lmear cornhioalion o past and [wiwe data sy bxals
Tl ellect ol past syinbols s called postoursor 151, aned the
ellocl of Julure symbols 15 called precwsor TST For causal
(o] oon=causal} chaunels, & syibol way be reesived with
serne delay.

Llescioeinameils: theory siales that the dispersive naturs of
a chaonel (oo, the precwrsor amd postenrsor IS8T 18
voshures iU the roles of (ransioftier ] cecelver e
ewchanged. Reciprneity docs not pencrally hold o the carreier
Crequeny o muoddulation s elaogssd, Ulis propery of megl-
procity hnlds for a [Tndted chiration over fime-warymg chan-
nils.

ASYMMETIIC EQUALIZAITON

Lo & Two-way daly cunenical ks systenn, (e weo ooy
froJecred o as e bose sod the poclable) are sach squipped
willt o (raosuoiler and cevelver, A (ypical metosd ol egual-
rmatinn (& bninenrporate an coqualizer device nfa hoth
recelvers, (o oulieale The distorlion presenl du the moeived
sienals. T his may he reforned fnoas post-cqualizacion. In this
cage, (e cosloand cownplexily ol egualiealion s shoced
conally fy the hase and portable.

5. L. Freeny, B, G Kang, 1 1L Pedersen, “Lhgaial lrans-
nrgsron system cm ployog bandlrmited analog, medoom st
adaplive cyualizer al ansmmtlen, ULS, Pal Mo, 3,593,142,
mancd ml 13, 1971, deserihe a pre-coualimer which consists
ol o ramsversal liller enly, wilhoul decisien leedbhack, Reo-
proadly s ool exploiled (o oblain pre-egquallcd (o0 -
G,

Ao O Sulaear, “Desipn ol (caosooiier ammd eeeiver [lers
for decisian feedhacl equalization™, Bell Syatem "lechnical
Jeurnal, wel, 33, wo, 3, pp 303523, Mareh, 1974, prupesed
and investipated decision feedback eqmalization in which the
ransmniiler aned weesdver holly possess g Lorwsrd [ller and
share 1he Lask nl reducing precursores. T he imepral char-
golerrealion of ansmil and veceve Dllers, Sualoenr derives
the mirnimum mean squared ermar {_M Mf’ili} transnnl iller
with a pever constramt. This s iontical fo the pre-cqualmer
lLlier proposed tn1this application, While Salozar also places
an aceiticonal teansmeersal filter at the recciver, the prnpesicd
syslem does uol, Solazar Joes ool address (he msues of
reciprocty or asynmaeieie comal izatinn assoerated weith full
duples vuriow nisisans,

In an nral cemferense presentation, 14 1L Mewdhal, “svs-
lerns with mercased wloemabioen rales wsmge embedded
sarnple mnehulatinn and predistartion equalizatinn™, in Pro-
cecdings of e Scvenlh Annual Conloenee om Wireloss
Commnuniesfions {Wiedess "95), vol, 1, (Calpary, Alboris,
Cranaclal, pp. 249 209, Tal 100 T2, 1995 remarkcd. fhat o a
lesl syslem, (e complexily reeuired lor lnesr pre-

10

15

il

2h

Gl

Al

45

ol

NN

Al

o5

2
coualizalion was signilicantly less than hal of equivalent
pnst-equalization, writhout further explanation as too why.

W Zhuwang, WV Thuang, “Noolmear phase precoding for
personal cornmuunealions”, Elechvomies Lellers, vel, 3 pp
20000 20077, Mosecrmher T984, propnss an asymmefric sysfem
welineh crnploys o precoding Tiller Do pre—cygualize the Toreeard
linfs signal.''he precoding filter implemoonts a lincar transfer
funeliom. Tlas aystem exhibils an wwredueible Bl crvor ralbs
(BLRY [or increasing sipusl-u-ooise ratio (SNE} and will
nol work well [or channels having a lrequency speeiwm
wellll ooe o moee deep Lides, such clinnels ae (ypical 1o
high-rate wireless commmuniealions,

Avwsther asymmnelie sysien propescd by W Zhoang, W,
A Koreyrnein, KA Gonsl, “Acdaplive channel preceding Tor
personal connnumesiions”™, Eleelronies Lellers, wel, 30, pp
LE70=L571, Seplawber 1994, enploys noalinsar pliuse poe-
vty [0 pre-cqualise the lorward Iink stgnal, This syslem
il eabibits an reducible BUER and pour perlormanee over
a larpe subsct of typical channcls Tioth systoms proposcd By
Zhoane el al, explodl reciprocily o deleconioe (he parmnelers
for pre-coualizatinm ar e hase.

L. T Farr, "Tolled dala nelwork aulo-cqualerer syslem
and methnd™, U, Fat, Woc 4000 102, isened Wose i, 1),
descrihes o syslom which wses Hocar pre-amd  posi-
equalizatinn. Reciprocity s exploited in the adaptation of
cqualization paramcters, Tecrmion focdhacl coualizafion o
ml ncludled in 1he Kyslern.

O I Korewaar, “Terminal arrangement for o duplex
lransmission syslem', WS, Pal. Mo, 4,535,433, wssued Aoy
13, 1984, describes an asymmctric system in which pre- and
prsl=cogualiealion are peclormed al the hase, wall no cgual-
pration Lonectioms af the poctubls, The post-egualiealion uses
A dectsion leedback lilter (will oo [oreward Tilker). Reciprocs
Wy 1% assumed, and oA cotpuaiional algoritbea s oused o
comverl lhe Jeodhack paromelers mby Incur equalivalion
purdielers, This systenr s ocoapuble ol egualieing sipels
wilh imsgoilicanl precursor TSL and modesrale posieursor
[51.

M. B Gibbard, A B Sesay, L. Sirawoeyuskl, “Asyo-
mlrie egualizalien sructure e broadland ndoe wieless
ala vownmwinizaiions™, o Proceedings of (he S1a0h lulema-
tional Cnnference nn Wireless Comnmmnications {Wircless
"y, wol, 2, (Caleary, Alberta, Canada), pp, 521-535, Jul,
HEO13, 1994, propose an asyrmmetric system which cmploys
A anxdified Tomlinson-Darashios (U preooder 100 pre-
comalize the frorsand link. 'Uheir system explinits reclprncity
1o directly characieriee (e 1T precoder with tbe DELE Liler
parameters (Froome the reverse Tink conalizatinon). "The 1
perlormanes 1 selslaciory, being close o thal ol o TIFE.
The modified "1 precodling tncreases compmtational
reguiremenls ol lhe hase sigmilicanly, and mwosl be per-
formed with high-precizion arithmetic. ‘The equalization
reguuremenls al the porlable are almost ml Tlosweeser, Lhe
antomatic. gain cantral (AGED) circurt at the portahle must
scale fhe roesmeed sipnal fo the orrpinal sgpoal lewels o
willm 1 dB, o1 lhe BER perlormance 12 sigmilicanily
degraded.

SUMMALRY OF THE INVENTION

T general, 10 3% desmahle (o nanimae the owverall coime
plexily ol equalication, Lo sowne sivalions, 1015 woore desic-
able kyreduce (he burden of couali=aiion al the poclahle than
Al (he Iopse, Thits Is (ermoed asyionelriss equalies (o,

[ g (ypiea]l mobile conmounicslions sysleny, The base
sfation s iixed o oeatron and bas clectrical poswee avardalle
Lronm [ixed hnes, The porlable onil 15 mobile, and 15 poveere:d
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by kallerics. Shilliog cqualizalion processing (o the buase
sTalion oeeors Lole acdiiional ost Qe o meeeased poswer
consugion, while he advaniaee of edociog e oeguine-
mcnts at the partable is considerabic. As well, re hasc
nsually scrves a number of potahles so thar the enst of
prescqualizalion cirewilry al he base 5 ollsel by obsvialing
the: need for egualivers al all porlables

Transmission om (he poctable o lhe base 35 koown s
lhe: reverse Ik or wuplmk, and lraosmission Doen e base Do
thes portalle s onowen as the lorwand Lok or doswo Liok. Thos
o asymelriy o syslen will ypically employ pre-
cnalizativn (n the foorward Tinlo amd post-cqualization in the
reversc link.

10 15 1hievelure an olgeciive ol This worven o o odlipale by
conalizFation fhe deleterious effect of 181 moa digital com-
nicatinns system mvnlving, a time-dispersive channel.

A further objcet of the invention is to rechiee the eomp-
Lultomal complexily reguired lor equalizalion al (he porlalbls
transeciver by technnpics snch as (a) applying pre-
cqualealion s al precwsor IST o the sipnal reccived by
Thee pesrtsble D5 oeplisible, () naoceing postenesor 181 Do
lhe stgmal reectved al e potalle by decision [ocdbaclk
coualivalion; and (&) defermining s egunlizalion param-
elers Ton Che porfalye wally a compolalionally elheien( chan-
nel exlnmalion alpecithm which cxpleils (he advantopeoos
amfoeorrelabion propertics of specific trainiog soquences.

It s a torther nlbject nf the frventinn o rechiee the
compulalinal complesily wgquared Tor cqualizalion and
pre-coualizacion at the hase transccrver by explniting, the
propes iy of rectproetly o wse Lhe lorwaed Tiller cocllioenls
af the decisivm focdbaclk conalizer ko cirectly characterize
lhe pre-cgualizalion liler

There s therelore provided i wecordance with a st
aspect of the nwentinn, a sysiem for own aoay cuplex data
communicalions bebwcen (A) a hase slahon (raoseehver
hawing a hase station transimitter section and a hase statian
recerer secfron and (T8 a remote radio fransccoecr having a
Al ransmniller seellon and 3 remole reeclver seclon,

Avording (o an aspect of (he nvenlron, o base stallon
transcciwer for use in the systom cnmprises a first fnrssand
[l0er 1o (Fwe Tse st o Cransol tsr sewiion, (he [t lorsnd
filter hoing defined Ry first filter cocfficients seleeted o
reduee precursar mlecsyimbol lerlerence mdala symbols
transmittes] by the radin transeciver and reecived by oa
remale ranscerver; a base saion dectsion leedback cquals
imer in the Pass statmn recociver scetion, the hase &tation
dectsion Tecdback cqualizer bemyg delined by il leedbacl:
egesl ety saeleanlod [ redus: e poolabidlily ol an eoroer o
receiving and delceling dala symbols in (he base slalion
rrceeivor segtiong amd o soocee ol st e eocleients gd
[ral Jeedhack coelleienls operably commeciod. Lo cach ol e
sl Lovveard Liller amd the base slahen decisien Leedback
cqualizer,

Avccoeding o an aspect of the mwenfon, a comote trans-
cetver [or wse m Lhe syslom comprises a romoels decision
focdbacl cgnalizer in the remote recs e sectinn, the renwts
dectsion [eedback equaltzer bemg delined by seeond Teed-
haclk cocfficicnts scloctad oo recduce the probabilite of an
error 10 recsaving and deleeing dalo symbals mlhe remols
recelver seclion; awd o sourge ol second [sedbaclk cosll-
cienla operalily commealed (o the remols decision Teedback
eudliger.

Avcording tooa firrther aspect. of the imventinn, the first and
scoond [odback concliownts are the same. Accordnmge o o
Lucther azpeel ol the ovention, (he leveard lmk ranmnmg
sequencs 15 characterized by havig a diaponal anfocoree-
lalion naaliix,
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According Lo lurther aspecl ol e mveniion, he base
statinm tranaceiver further compreises a second fresarard filter
11 (hes base slalion reeeiver sechion, the scoeond Toeward licee
ety delined by second Liler cosllewnls selecled (o redogs
precursor mtcrsymbol inforfersnes wodata symbols ceecived
Iy (hes base stalion cadrs ronseeiver, Prelerobly, (he licsl amd
socond filter cocfticients are the samc.

Acoording ooa Lunler aspect ol (he mvention, Chers 1s
prowicled a firat seice of 2 frowand Tink training soquencs
cpesrabsly connected o the soueee ol ssoond Teedback coel-
forents Preferahly, there fa & second srirce nf the forasrd
Lictke Croiniogp seepueeieeet ien T bvsa 0o Traasiiier seelio,
The frrward [k traiming sequence s preferably character-
vecdd By havmg a dizgonal aulocorrelalion malix.

Aooording to a farther aspect of the mvention, the first
doctsion lecdhack eyqualizer comiprises:

aloculity ol adders, cact adder lieeiog an ootpol aoe] Livsl
and second operands, cuch adder exeepl animibal adder
Iy o (el Lecdback cocllieiend ws he st operaol
and emtpat fram a preceding acdder as the secand
operand, the mitinl adder bavimge o st Leedback coel-
Norenl as The Diest operand and weenoas the sesonld
eperand; and

i [eedlaude Tine onmended (o supply Dioary Jula symlbols
received B the hass station recoiver ssction toe the
aclders s conlrol siprals o select e sipu ol e Lst
feadback cocfficients wherchy na mmltiplications arc
requined (o ioplercenl e base sGalion decision Leed-
lack cqualizer

Aceordmg o 2 shll Jurlher aspeel ol (he uneenlion, Lhe
firat trirszard filter cnmprises, fareach of anin phase channel
and o guadealore channel:

4 pPluralily ol adders, cach adder hivving an ovlpol aol Livst
and second operands, cach adder cxecpt aniniral adder
havetny o (Qesl Jilker eocllieient os he (sl operand and
autpmt from a precccing, addler as the scenncd aperand,
(has wmbial addea bavimg a Tivsl (e coclewenl as he
firat nperand ancd zerm as the scenmd nperandd; and

an mpul loe comecled o swpply bioacy dala symbaols Lo
(b adaders as vonirol sipoals oo seleel (e sipo ol e
(lee cocheienls wherchy no o mulliphcalionys are
reuitsd o aplemnent e Oest Loreward Ol

These and nther aspects nf the inventinn are described i
Tl delatled descriplion ol (he wovenlion and elyned o s
clatms il Tolluw

BRIEF NESCRIFPTION (3F THE TIRAWINGS

There will aow he describod preferrce cmbodiments of
The ioveniion, wilh celersnoe 1o the drawines, by oway ol
illstratinn rnfy amd vk weith the (ntention of [imiting the
sionme ol (he weveolion, 1o which like nucnerals deooe Like
elements and in which:

UIG. 1 s o schematic showing the layonf of a basc stafoon
rasliey Transceiver according 1o The imeention,

VG 2 is 8 sehematicshonving the layontof a remare radio
Lanseciver secnrding o the mvenliog,

Fliz, 3 15 a schemalic showang o pre-coualeer Lo use m
e haxe slaltom radio ranscceiver o TIC L;

Flir, 4 15 2 schemalic shewing o decision leedback
conalizer ancl forsand filter fir mse i the hase station radio
leanscetver ol FIG. 1;

LG, 5 15 a4 scheapalis showinp o decision [eedback
coualiver [ use o the ramnole radio ansceiver of FIG. 1

UIG. & s o detadd of fhe base station coualomer shown m
Elds, 1,
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TIG, 7 3z a delal of the pre-coualizer ol TFIC.

FIG, % 15 3 delail ol (e channel esiimalor shown e FLG
Ly and

FIG. ® s a delan] of the deasion lecdback cqualier shonwen
i FlGs, 2 d 5,

In TIGS. 5 9, o thw inkercounect e represents a line
carrying o real number Csingle or mulliple bil cepresenlalion)
anel o thick Tine reqpresents o line carrying a counples nomiber.

3-.

3

PHEEATEIAY DESCEIP IO T
INVENTION

Keforing tn PIGE. T, 3 and 4, there s showm a doplex
vl (rawsceiver 10, Laving a (ranseoiller seclion 12 amd a
recciver section 14, 'The tranamiticr scetinn 12 inchides a
lorward, Tiller 16 and an ol secbion I8, The of seclion 18
mchdes & conventinnal mochilatne, froomency nponnserter,
and mmplilier. The ol scchon provides an inlormabion-
hearing radio-frequency signal that s transmiticl foom
anlerma 20 The Torward filler T 13 delined by lirsl coclli-
elenils seeealed 1o redues precursor eesypiobol mlerleronee:
and prelerally also nowse in dala symbols Dransmilied by e
vl fruseetver L0 omd received by 2 manofe ronseelver
THh sl in TIG. 20 The Toeward liller 16 lorms 1ls oulpud
by mullipleiyr cacly ol g contyguous =1 ol dols synbols
napuat along, Looe 24 by a resapective flfer coctfiecot and
surning (he produels, The Lerword Lk eocllicienls mmay
also be churaclerized oo manuer s as o also redoce
poslenrsor wlesyimbol nlelerence s deserthed m A, O
Saluzar, “LDesion of ransoniller sod receiver Dlers [or dec-
st leedback equalizalion, "Bell Syslem ' Jechoteal Jouroal,
vol, 5%, w3, pp S03=-523, March, 1974,

The receiver sectinn 14 of the base station radin trans-
cetver L s [ormeed with an ol seciion 26, coonoeocied (o

receive signals from the antenna 200 nd forseard the receiverd

siprls doou base egualizer 28 amd equaliecr (ruining block
30 ke of section 26 inchides a conventianal demnchilator
tor demadulating the recelwved reverse Llink smmal, 2 conwven-
trenal synchennizration airenit and an AGE for performing
coarse anfomatoc gao conteol on the recerved srgnal. All of
1hess elemenls in the el section 28 are comventional and need
not be further describ=cd.

The aze equalieer 28 1 lormed of 8 deesion Teedback
conalirzee 32 and frrwand filter 34, The deaisivm fecodback
cqualeer 32 s fovmed o an adder 36, decision devace 38
aned feceback filter A crinnected o foedback signals from
lhe decizsion deviee 38 (o Che adder 36, The decision Teed-
buoek voualieer s delioed by Leedbauk voe uienls seleeted (o
reduee the probability of wn errov (il s, redwee Lhe bl ereoc
rine, BER) iu reeviving, and defectiog dutn syobols io the
recervetr seclion 14, The decision Jecdback cqualier 32
wluges posleursor inlersyimbal ey lerenc:,

The coualieer raimng seeon 3 hochons as @ souwrce of
filter cocffroents for the forsard filters T and 34 and
lecdback coclhcienls o e decision leedbwek equaliee 32,
and t5 nporably connceted tnocach of the forsacd filkees T
and A oand (he dectsum Teedboek egualiver 32 aloog lnes
frnt. shossn.

Vorward filtcr 34 is defined by filter eocfficicnts soclected
ko reduee precucser milersymbol nlerlerenee o dila symibols
received [y the radio transceiver, and f the channel is
eascnlally reoiprocal oreer o shorl lne leame, the (e
coeffrcients for the forsard filters 16 and 34 may he the
same. The lransmiller sectia 12 ol the base slaton radio
ranscever also meludes o sounee 42 ol o [orwar] hnk
tramimg soquence connccked ko supply the forwacd Irnke
[Tty seepuenes (o (e leveard Liller 16, Acsourcs 44 oL an
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reverse link ewming sequence % commecled o supply Lhe
rowerse ok lradonop seequeaes: (oo o eguulioer ol
seclLean M),

As shown o FLGL 6, he Duse equalieer 28 1 prelernbly
Levruwd ol o deeision Leedback egualieer 32 and Loeward
filter 3d. 'The olecisinn feedhack equalizer 32 inclodes an
it [ine i carrying the cnmplex natpat. froon fhe fiorsanard
[iller 32, which 1% divided milo an m o phase T ehaomel and
guadralure €3 chnel. The 0 chanoel 3 commecled Lo one
sitle ol an adder 48, whiose outpol [ oonnecied] (oo quaniieer
S The T chamel 1w comnecled o one side of an adder 32,
wehtese volpul s conueelod oo quaniizer 54, 1 awd G aolpul
1% laken (rom Lhe guaniieers S0 and 54 aloogr Iimes 56 aod 58
rspeciively, Feedluek lines 60 and 62 are cespesiively
commecled o lhe T anod O chanoels S6 and S8,

The fecdback lnes 60 and 62 connedt to cascaded delay
clements 64 ad 66 respechvely, wineh supply comteol
stgrals to scrics counceted adders 68, T, 72 a0d 74, Bach
adder 68-T4 has an culpul and Mrsl and seeond operands.
Dach aclder 68 T cxcept an mitfal adder inocach scrics has
3 lecdhock coelleionl (wh i Di—ah i1 for adders T, 72 and
wlnol D—wh o4y Lo adders &8, T4) as 1he [irs! operaud sl
oulpul Irom 4 proceding addec as the seeond operond. The
inifial adder in esch series lis o leedbacl coellicient wlaifl)
or wha{lh as lhe lissl operand and werm as the seeomd
cperand, Tl lesdbuck lings 60, 62 are vounecisd o supply
oy dala spmbols recctved, by (he base slabon meeoner
salion 14 (o (b addens 68— gs conloo] siponals (oseloe 1he
sign of the feedhack anefficients wherelwy a0 nmltiplications
A reaquired o lenpledcnl e decision Leedlback veualizer,
The vmrpts of the terminal acdders (n the series of adders 72
Al 7 aves eonnecliod (o e wpuls ol (e noiiisl sdders o e
series ol wlders 85, 700 The vuipuls ol the termina [ adilers
1 1l senies ol adders 68 T are conneeled G the mputs el
acklers 48, 52 respeactively.

Ax slewn 1o FIG, 7, pos-espualiesr or Olter 16 also is
conligured wilth adders so thal oo mulbphealions are
repuieedl, The Tupwar] Oller Lé s devided oo an 1 leonel
and CF chanel. The O chonnel meludes series ol adders T,
T4, Lach adder T6 ancd T8 has an outpod oo Les and second
opcrancs. ach adder 7o exoept an miftfal adder has a filer
cosllicient (wli—wl 1)) as the lest operawd amd voiput
fronm a preceding adder 70 as the secomed aperand. The initial
Addler T8 lus o [ler cosllivient wli00) s the (st operad
and zern as the secrond operand. Hach adder 78 except an
ilial adder hus o flier coclBeienl (el Ty wlafd)y) as the
firet operand and cepr. from o prececling, ackder 78 as the
seonnd oporand. The onitral adder 76 has o filter cocthicoent
wi.o{(l as the first operand and zern as the second aperand.
The CF chaonel i coonceted throvph coscaded delay cle-
menls S0 mo supply binary dala syinfals b Lhe adders 76, 78
ag enatro] signals o sclect the sign of the ficst filter coctir-
cienls wherehy e rmulliplications e regquired Lo implement
the foreaed filter 10, The contrel signals for the adders 7
are wverled by mverlers B2,

The L chaunel iclodes secies ol adders 56, 8%, Fach adder
B0 ancl 88 Mas an ootpmt and ficst ancl scenndd operands. Hach
adder 86 cxeopl an ambal adder bas oo Diller coelheient
fw ol V—wbr{ ) as the first operand and cutput from a
precodhng adder 86 ax lhe second aperand. The il adder
#n has a filter eqefficrent el as the first operand and zern
as e seeomd operad. Bacl adder 88 cxcepl an tnibal adder
has a filter coeffreient (i1 )—af {4} as the first operand
and anlpul ronm o precedimg wdder 88 a5 the seeond operand.
‘The mifial adder 86 hos o lilter coclieient wl 100 as the livst
cperand and moro as fhe sconnd operand. The T chanoel o
connesled throoph cascaded delay clemenls W0 (o supply
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bmary dala symbaols Lo the wdders 86, 88 as conliol sipnals
o select the sipn of the firat filter coefficients whenehy nn
mndiplica oo are regquited oimplement e Toewsnd (ilce
1a, Oulaut Tewm b adders B aod Moos sunumead mqdeder 92
to torm the T chanoel omfput from the filfer Th and onfpuat
Lvomn (he adders 78, X8 12 sommned moadder 84 0 Loom Che
) clhame output from fhe filter 16

Felerriuy (o LICS, 2 oand §, (here 15 shoowen a remiole rod o
transcsiwcr TT00 having a transmitter scction 112 and g

receiver seclion LI4, 'The (ransioiier seciion 112 ioncleedes o -

if section TIR aimilar tn the of seotion TR, together with a
soa st Ldd ol un reverse Iink Tesdoionp scouence coeetad (o
supply the f section 118 with an reverse link framing
sequenes, prelerably ideniical (o (he rewverse hink ruamng
seqience saupplied by source 44 °T'he receiver seation 174 15
tormeod, of an rf scetion 126 similar to the rf scotion 20, and
i reancie eyualiver T28 connected n receive signals Tean the
rf sectrion 126, The romote oqualizer 128 5 2 docismon
lewclbactk equalizer inchuching an adeder T3, o decision device
138 2nd a feedback filtcr 1E The decizmn teedlzack equal-
e 128 15 proelerably delined by leedback coclhowenls
sclected toorechice the probability of anceror in receiving and
deleeling daly symbels o the recetver scclion. A chammel
carimate 1300 forms a sonrce of feedhacle enefficicnis nper-
ably commeeled o (he dectsion eedback cqualtzer o supply
fecelbacl coctfrcients tn the decisicm feedhack coualizer 128,
Acsoures 142 ol o Torward Lok eammg seguence 35 operal] y
conuecied [ 1he chanuel estinaior 130,

Roterring to TI0. 9, the decision feedhacls cqualimer 128
woprelevabsly clesiened in the same manner as decision
teodbacl: copalizer 28 The T and O chamcl onfpuf s
combioesd as ouipul L85, The [eedback Llier coscients [
the decision feedhack cqualizers 28, 128 may be calenlated
goarling oo recursive [easl squares alporitbun described

for cwample by Tlagloin, Addaptive Tilter Theory, 1991, -

Prembice-Hall, Moew Jersey, al pp. A7 =185, The lller coel-
ficicnts ®, arc frmnd Py snlfving, the conation:

LTl —
wliere

[k

dfn] = Z gt

-l

an

O]y

=l

n, i& the frrward Tink fraining scouenes

d,. is the reecived stpoal, which may be assumed fo he

real, hence o " =d el

Aoisoa cnnatant that may fe taloen to e 10
S Che Deamimg seyguenes o, <an b chosen arbileanly, il
may e sclected such that n) is the identity matrix,
gocordimg o Che work ol Croacr ol al, *Teast Sum ol
Soguarce Prernrs (L5519 Channcl Mstimation™, 11
Mroceedings -F Vol T35, WO 4, Augest 190710 the dala s
Finary as it fs assmcd o beoin the cxemplary cmbed et
ol the nwvenbion, the resulime caleulahion s smmplificd. Ao
towplesnerilatien ol b resuliing caleolation s shown o BLG,
.

Felerring 1o Bl %) 1he channel esimalor L3015 Lommed
ol o recerved sygmal mpul hne 1T76 comnoeled Lo receives
st s [romn The ol seclicn 1246, and sddecs 178, Bach adder
178 Las ficst aod second mputs and an oofpat. The first wopat
15 enmnesled (o the eeerved synol mpul e 176, A delay
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clernent 181 proreided ony the oulpul e cach adder 1T
AleedDock Tooe D82 s eoneiod Doween e ouipot soed 1k
sccord pul ol sach adder 178, A conlrol port 184 15
prowicled froe cach adder 178 for selective [y ncgating anc of
the first and scoond mputs, 'The contrel pors 184 an:
commeeled o lhe source 142 of (he Torward Lok wmng
sequenee Throogh tverler LR6 ond delay clemens THS.
The operalion vl e boss station aned remele radio [caes-
celvers will be descedbed 1o (he Dollowing,
The decasion leedlwack cqualizers 32 ad 128 clleelvely
wouliiplies o ouenber ol previously delecied sywbuals by o sel
of cnefficiconts and sims the produets, The decdsion feedback
e liers 32 and L2Z8 ooipul are added (o the received sl
and this sam s quantized to form the deteted Jdata spmbnl.
The decision leedbuck equalicers 32 and 128 readooe post-
enrane sl Computational enmplexity m concentrated aft one
veadd {thes baeses) oo eorrespond ingly pedueed al the otber (b
partable). e tnreciprocity, the same coefficients may he
used Tor the Joveand (illers 16 and 34 The porlable must
estimate the impmlse resprinse of the cnmbined fnmsard and
chanmzl to characteorme the foodhacle filfer. Crazicr of al,
“l gausl surn of sgquared ermors (FES1 channel estinalion™
deserilbe o hiphly cfficient alpocdhm for least-squarcs chan-
nel estivmation (SO wlich inay be used Tor the Teedback
decigion cqualizer 128, Accordmg o thrs systom, it
prelemred thal the weverse ink wd lerscord Tink oomng
sequenacs have o diaoanal amocorrclation matriz. When the
laimpg sequeness ae thus characloried, mulliphealion
neod nof ke nacd i the filters 16, 32 or 128, and the
nplemeniahons shown w FIGE. 6, 7 and % may be wsed.
The aperatinn af the asymmetric decision foodhack eoual-
reer syslemn consiEls ol Tour slapes: reverse Imk leannog,
rewverse Lok data (cawsosseon, [oread Lok (o, el
[orward ik dala fransmission.
(uy Feverse Link Troining: 'Ulie portable radio (mosceiver
TUHN livsl tranasnmls a preamble [or Lhe purpose ol allowmg Lhe
byse radio (ranseeiver I (o eslublish carrier
synchromizalonm, symhbol synehronzalion, md coarse aulo-
il gadn voniol CTlwe porfable LR (hen draonsods s
reverse (nplinks) [ink trarning sequence, a precletermimed data
goguense, A suilable framing wequence may be consireciel
rrunl d Fi-lrllili!llr'l RO UETICE l'lr -!J:'I1H H':Iflr1|:?¢$[H [:F'I i1h:] Cr 1|:|t'-
in-phase (1) andfor quadrature {8 channels, The (roining
sequerice should be ol soMcient leagib s allnwe the egquaieer
leatiy 1o (raining seelion Mgl he base L0 o converpe Lec
expecied ransinksion elannels, Alypleal ralnig seguence,
comatating, of 50 sspmbinls, fs
[ channel
T TR0 00T TO0 T T TOO0OQOTOT OO TTCT ORI T TUR R 001
101111

) channel

LOOYLTM LD LR L DO I LOEL L AN L L L)
TR

The assvmes] medulaiion Lot s QPRI A Dinary O is
translateed ax a =1, anel a Binary 1 as a +1, an the | aned ()
clianuels, ‘The ol seciion 108 aceeps as lapol e syonols o
P transmidtic, whethcr cata ar the reverse [inlk traiing,
sequence,. The ol seelon 26 demodalales the received
reverse Iinle signal and cstahlishes syoachronization and
perlorms coarse aulomalbic pam coalood on lhe signal.

Juring recepticn nf the reverse [ink training, sequence, the
rase cgualeeer Ceamimgr seelion 3 implements an RIS
algoeithm, frar example as descrihed by aylin, Adaptive
[Alter Theory, p. 485, o delermme the decision Jeedbachk
coelicients, Aller framing 15 compleled, e esfimaled egual-
imer cocttrcrents arc fransforred fo fhe base cqualizer 28, The
LS alporillnn, hke mesl adoplive aiomg slporibms,
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MATITLECE a0 approximalion o e mean square ereee m e
eslimaled sipual, LPlas criferioon ioeeluled (o thwl ol dni-
wnpeiny (e poobalsality ol an ecoor, or be BER, Dor soms
channels, (he MMSE crilerion may be modilicd, by imjeciing
worse oo the received sigoal ducmag, eaiunog, Geoyield an
impenved BUR. & similar effect may alza he nbtained
throvgh vse ol o Lecgellmg Luelor m LS algecitbons, which
cauges estimation errnrs to decay exponentially with time,
such 4% 15 described by 5, Haykan, Adaplive Bilicr Theary, p.

475 The Lap lealage alearitbm, BT Gichng 110 Meacdies, -

Ir, 5. B, Wenslean, *The (ap-leakage alperifhm: oo algo-
mihm Lor the stable operaiion of o disttally noplemsenisd,
fractionally spaced adaptore cqualirer™, Tiell Systom Tech-
wical Jowrnal, vol. 61, e, &, pp. 1817-18234%, Ooinber 112,
achicwes a aimilar effeet. All of these effects are nneompli-
caled and beorisic oethods g ouprove the BER, and ace
appeccimations o the comples mcthedd nf ceplicitly snling,
i wel ol siwlianeous oooliosar egqualbons 16 ounioies e
BIUL, 14 Shamash ancd K. Yao, “0n the atracture and
perlormanes ef a hinvar dectsion leedback cgqualizer based
an the mmimmm ermar prabability eriteeinn™, i Confl Ree.
TEEE T2 74 (Mumeapolis, Mmo, USA), pp. 25FT 5, Tun.
=14, 1974,

Roeverse Tank Tlala Tramsnnssion: The poclable T lrans-
s clata, which is recesed ar the Bage T0 and processed hy
lhe: Raxe cqualiser 28,

Foreeord Link Tioainimg The Locward Oller coclicients
wils) , calenlated by the cqualirer training section 3 arc
Translereed Lvomy the base equalieer 28 0 The Lorwad [ller
Th. The forsard Iinlz trammp sequence s processcd by the
Lewweard Lidle L, and lransnulied (o the porable 110, The ol
section L8 performs functions identical to the of seetion 1145,
The Lovweard Tnk fraaings sequence s speetlically ehosaen Lo
s coreelaliion properiies whicl allow lur vse ol coopu la-

Lemally wlhcienl 1SCE af the porfable puswnl o lhe -

wedhen] o Crowler ef al, “Least sume ol syuaced oo
(I.S3E) chammel calimalion”.
Acspilable [raloily seoguelos 1S
1110 DO LLOeL L OO O L0 WL p0a111 (e liest [our
bils ol Che ahove scquence Term the preamble. The
clianue:] eslicnator LAY Dbegplus processing, (e pecteed
eaaming sequencs wller (he preamhble.

The ehamel estimalor 1M Dovmes the leedback cqualiecr
coeffrcients by eatimating the negative nf the zammled
nnpulse wsporess ol lw combiued pre-cqualeer snd wire-
less chanmel. "These cosMcients must be scaled by a Tacior of
Vo (e length ol (he oining sequence cxcluding U
preamble), This s easily aceomplished by shilliog 1beic
biary represenfalion by 5 bils, The coclhowenls s lrans-
Leerred G 1w purtable equalizer 128,

Tarsard Tanl Trata Transmission: Tlata arthe base statn
15 pre-eualieed 1o equalicer Té and (ranswolied by o[ secilon
18, T'he proctalle conalizer 128 canccls postcursar 151 and
el lirales e wawsiied data,

Lo the dectsinn fecodback conalyzer 32, the adders weith a
= coniral opul mesale The operand nearsst e corleol gl
i the tnpat i a logical senos (the Rt represcntation of — 10
The gquanitaers oulpul the bl representation ol the symbaol
clomest to their mpart. who 1)y & the real part of the first
lecdhacl: cocllicient; wha{1) 1 (he magmary parl. w{0) 1s
the firat (reroth-onder) forward filter cnefficient, a cnmplex
quaniily.

In the pre-ligualizer Th, wf.efl)) (s the real pare of the first
frcrtlh-order] Torward ller coclheenl: w00 1s the mnagi-
nmary et

Tnn the chanocl catimator 131, the delay cloments af the
oulpuls ol adders e eleared (sel o rero) belom chonmel
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culimalion begioys, Delay clements Teeding mlko the = inpud
el adders ure iniislieed (o logies] wero (the binaey nepre-
seufaiion of =1, the pepated preaoble symbolsh, Clunuel
catimatioon hoeing with the first non-precarsar arcval of the
training, symhal folloasing the preamible.

T Che decision Jeedback cqualieer 128, the adders wilh a
= comlral mpul negale the aperand oearest the conbol input
il the fnpul s o logival zero {the bil repressmation ol =1,
winr( L) s the real part ol the [sl Teedbock coellcient;
wh i 1] fa the fmaginary part. The quantizers raeput the it
representation af the data sspnhnl elnsest o their input.

This wvenen may be apphed fo o syslem wsing anlenng
diversily, with mulliple antenns ol s basc ondfor povlable,
The inear combiner used Dar receplinn at 1the base slaliun /s
Then usedl fo cliaracierize pre-egqualtvaiion ilers Tor dlata
teansmtted from the Lasc station, This seoold obwiate the
necd tor a lincar combioer af the portable transconecr.

The BER ol the syslemn deseribed has been described m
(0 esr, el al, “Aswrnenetrie Byoalveation of the Lodoer Wiedless
Channel™, Symposinm on Communications, Cune 190960,
Clueen’s Liniversitsy, Kinggton, Canada, AU may be deter-
e by spolution aod analylea] oowelheds,

lar anme racio channels, it s preferred to artificially
i (b oogse e Che revenved siposl dociug, esiniop, oo
the IUR. T he inventors have frind that, for a particnlar 1R,
cven thomgh the SNR for a reveese Lol was 20000, a2 lower
HIGH on the Tirseand Tink can be ollained (7 the characier-
ization oo the ewerse linlz s dooe at a lower cffective SN

Tables 1 and 2 wompare the compuiational weguireinens
for 3 equalmmation systems QIS modolation 3o assamed,
b wueiber ol real arithoetic: opecations per data symlel ave
tabmlatcd. Npand N, are the rmmbher of farward filier and
dectsion leedback (iller laps, mwespechvely. Campulalions
related] tno the trafning of adaptoec parametocrs arc oot
wcluded. The symmoelrie syslem regquires & TIFE al the base
and a DB at the porealle. 'The AL and Cribhard systoms
a1 deseriboed abowe and 10 relerenes B T Cnbhard, AL B
Moy, L Biciwesymsky, “Asyocnelriy eooalieaion siociores
[t browdband mdoor wireless dala commuonmicalions', m
Proweedigs of (he Sixb Interoatioual Conlerence oo ¥Wice-
less Cromnmuotealioms [Warcless "), woll 2, (Calowy,
Adbuerty, Cunadu), ppo 320-335, Jul, 11-13, 1994, respoec-
lively.

The propesced syslom s o greater eommputaiional buden
at the portahle, and less at the haze, than the Cithhard system
fullbough this dillerence may e ellsel by AGC 4wl (ning
redquirements in the Gibhard systern). "The multiplicaiion
reurearels cxelude rivial muliyplicalens by members ol
1he symbol alplabel, 1o, £l Lor fis meason, (he AL
civeuil Lorward link) requives no muliiplicrs,

L0 15 powsille 1o inmplernent sume of 1the [liems of 1he AL
system by onking np the filter rmpat fnoa talle. This is
pussible Lor (e Oliers whoese opol 5 guaniles] Jata
swmbalzs, namely, the feedhaclk scetion of the hasc's 1131,
1her brase’s pre-equaliess, aud the purfables leedback equal-
I7Cr.

Agry subesel ol the aboeee Lees oay De oplemented gs a
tahle leoloip, with the romainig, filters hemg inplomented
according o FIGS. &, 7 und Y. To reduee (he naltaliealion
and starage regquiircmcnts (shresen e Table 30, any nf these
[llers may be implemented a5 a cascade ol (iller scelioms.
The vurpmt. nf each section may e fonnd hy table lonkup,
and (hese oolpulz swmmed o lorm the Tiler eolpul.
Alternatively, many compnnents of this aystem may e
nplemented 1o sollwars nmoing on general purpose signal
process haodwar:,

Moperson skilled o fhe arf could maloe immaterial rcdr-
[ealens (o (he invenlion deseribed m his paten] docoment
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wilhowl departing Irom (he essence ol Che nrvenlion thal iy
intended 1o he covered by the sonpe of the alaims that frllms.

TABLL 1

feverze Link ooz lslione] reqoimsmnenls per syiakal

EASE FORTARIE
mall add Tozrlou s il i aded Te: abop niexl
sy i W alp o AN
| AN, AN, | AN
ATEE S A+ N, —_ —_ —_ —_ —_ —_
Al vy i R 4
fzhle Teakop)
a2
Fewresard 1Tamk cornqninidnma ] vaepdvensn b ey syrnhnl
JEF R FORTATI.F
mul audil bonkop el vl ekl fevabig el
A e b | ERTH R — — — 4Mp 4+, — —
il sl Ak + i, <M + AW — A — — .
ADEL — ETUs — — — ar, — —
ALHL — 2 5 — — 2 4 —
(Lshifes Fezedkuap
4 T he ralion Iransceiver 0 elaim 3 i wehich e T nd
TABLLE 1 [k traiming sequence s characlenzed by having a diagnnal

anfocarrclatiogn matrix.
8. The radio franseciver of alaim L in which the deciston
Leseelbachk equalieer compotsees;

Table duililizalion snul gloginggs reouienizils

wlomge wcalivng addilivie O iniial-

Jillat loesalica fo luhle e bl A g plurality of adders, cach adder haviog an onfput aod first
and second cperands, cach adder exeepl animilial addec
: . ; o+ a1 - . - - .
THRTY Foedlacs seetion Bz e Mo 2w hoving o lecdback coclicienl as the lest eperand and
pre-equalizer bzt L Mpo2n outpmt fram a preceding, addler as the secnond aperand,
feectiiek gl okl e My, -

the initral adcler hawing a feedbaclk soefficient as the
Al (esl operand and wero as (he seeond apecand; and
a feecdback line connected to sapply hinary cata symbnls
recsived by Che reoorver seelion Do lhe addess oy conteol
sigpnals [ seleel (he sipn ol (he Teedback cocllicienl:
whiereby oo cudiplic atiowns are reqguleed (o opletned
(b decision leedback egqualizer,

A, 'he raclin transeciver of claim 1 inowhich the first,
forwarc filter comprises, for cach nf an in phasc channel and
A yuadealune chamel:

a phorality of adders, cach adder having an rmepnit and first

and seennd vperands, cach adcler cxecpr aninitral adder

The embadiments ol e myenlion mowhich an exclusive

propecty or privileos s olaicned are delioed s Lollows;

L Acduplex radio Transeelver, having g Transouier seciion

anel a roociver sectinn, the rdio transcevwer cnmprismg:

d LT [orward Dller o the ronscoiller ssolion, (e lsl g5
forward filter heing defined by first filter cocffieicnts
szlectecl tnonsciuce precurson intcrsymbnl inferfenznes in
dala symbals ransmilled by (he madie anseeiver and
rededved iy o remnle 1o eseiver;

d dewision lewdboek egquulieer o the ceweeiver seelioon, e -,

dectsion lecdhuek equalizer hemg delined by Toodhack
woclieienls selecled owdoge the probabilily ol an
cror o recclvrop and detectiop dafa symbols mothe
reedvnD seallon;

dosevond [orsacd ey moihe reoeryer seclion, the seoend

farward filter being defined by seeondd filer cnctfcionts
geleeled Lo reduce precasor lsaymbol mbslerenes 10
data symbnls reccnecd By the radin transeciver, ancd

a armrec nf filter cocfficients aned fecclhack encfficicnts

cperakly comnecled (o cach ol (he Tirsl Torward liller,
the seannd forward filter anc the deeisicon feedback
coualier

2. The raclio franscerver af claim T in which the firat and
secomd Niller cocllieienls are (he same.

A The radie lranseeiver ol elanm 1 Locther comprising o
soules ot a forward Irnle framrng sequenes o the fransmifce
seclle,

NN

hoving a Les! Liler cosllicient as e les! operand awd
autpt froum a presecding, adiler as the secnncd aperand,
(b foufial adeler having a [ist [ller coedicind as e
firat nperangd and zern as the szenml nperand; angd

il IlII'|:1IJ|'. lire comnrmecied o Huppf_',' |:|ir1.'+r":,r lata H}'Irlhl'l[:-i Iy

(e adders as control sipgnals looseleel (he sipn ol e
[t Llier coellicients whersby nu muliplication aes
reqquired o maplemenl e Gesl lereward T

T. A reneie radlo transeelyver Bavioy o traosmiiier seciion

g And g recetver seclion, (he radio anscelver conmprisiog.

o5

4 deaision leedback egualieer m the recetver seeliom, Lhe

decrsion [eedback equalteer loving o Leedback Ollec
delined by lecdback covlheienls selected b reduce
pusloursor lersyonbol mlslerence e dula symlaols
reccived by the radio ranseciver,

a aourcs of focdbacl coctbicients opeorally comaceted to

(e decizaon lecdback equalteer, and
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wosoures ol o Joraard Lok Daining sequenee operably
e ied e b soocee ol Desdbuck cocllicgats, e
Loarvweard loale frotiige ssquence being chiarocierioed by
hawing a diagonal antocornclation matris.

R.'The remate radio transceiver nf elaim 7 in which the

dectsion [vedback cqualiver comprises:

a pharality of agdders, each adder having an rmtput amd fi st
andd seeond operands, cach adder cxecpl an miltal adder
havitng a Jeedback coclbeienl s the Oesl operand and
oulpul Looon o precediog adder as the second operaod,
Ther aoitio] acdder bavine o leedback coeliciem as he
first operand and mern as the ssoond nperand; and

d leedbocle Tine conomecied o sopply Dioary data syaolols
regelved by (he reverver seclion (o The alders as vonirol
sipnals to soloet the sign of the feedhack cncfficicnts
whorehy oo mmltiplications arc requirced oo inplement
(b ddeersion [ecdbuek coualier.

% The remale radio franscetver ol clam & m which e

source ol [eedbuck coellcients s a chanuel estinwior,

M. The remnte radio transcciver nf claim Y in which the
cliancies] esiloalur Curiprises;

i revelved sienal opol i,

d plucalily ol adders, cach adder having sl and second

wapls anad an wwlpul, Che lrst wpol bemg conmeeled (o
Thes recetved swgnal mpul line;

d delay element on e oulpul;

d [eedbanck line connecled Detvween (he oulpol and the
sconiel imguty and

a control port for selectively negaring, nne of the firat and
sesconnd by, e eonleol port bedwy, eonomeeled o e
source nf the farmard linlk training sequence.

LI, Syslemn Lor Deee way duplex daly eomnnniea(ions
hretween (A o hase station Iransceiver having a base station
ransaniler seclion and o base slaldon eeeiver secllon jnd
{H‘} a remerde racdio lanscerver having a reinale lransemiller
section and a renle reccver section, the sysfem compris-
10§

i [uest Dopaeand [ier in the base stalion 1o wsouler seclion,
(e Jipsl Jorward flier being defioed by s fller
eoslicients selecied noreduce precorsor inlsesyionbol
interference in data symboals fransmitted Dy the racin
Trarwseeiver arel received Dy a remnle Traiscsivers;

i ase slalien deeision Leodback cqualizer in the base
station receiver sectinn, the hase atation decigion feed-
back coualiesy being delioed by [est leedback cosll-
cienls selected noreduce the probahilily of an ermr in
resgelwleyT anael dledeeting daly syaabels 1 the: base slalion
meelvel seallon;

aosouree ol fest [lter coslcents aod Oest feedlud
cocllieienls operably coomecled o cach of the lins
Lorwards [ler amd (he base stalion decision leedbacle
cua e

woremole decision [ecdback equaliect w the remole
reelvel saewlioo, Que remofe decisien kedback agual-
vt bemg delined by scoomd Teedback eoclheienls
seslegled 1o reduee e probability ol an coror 10 recelv-
i and defccting data symbals o the remofe neeerwer
szl dned

4
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a souree of seoomd Necdback coclheienls operably oon-
neacted B the cenwbe decmion feedbacls cqualizer.

12" 1'he sysier ol clarm 11 inowhich the Biesn and seconld

lcedback cocllictenls are (he same,

13, The syslem of elaom 11 [urther comprismg:

a soures of o forward Lok framming scquence opeorally
connecled T Feedhack
eoclleienls, m owhich (he lorswd hink [rawomg
seguenes 10 charaelerisad by having o diagrona] aulo-
earrclatinn matrix.

1&, The system ol clunn L3 Lecther vownprisioe o seeowl
Losrvsrd Iilicar Loe 1kaes Do sCalion cecneiver section, (he seaod
forward filter heg defined by sconnd filicr cocfficieonts
seeleclen] T resl s precumor Lnlersyinbol inlerlerence data
sertthols receiven] Ty 1l Dase sTalion radio (ranscelver,

15, The system of claim 14 m owhich the sl and seeomd
flter encffreicns are the samc.

T, 'The system of clainn 11 fiurther comprising a first
gonress ol 8 Lovwand lmk lrammgr sequencs apersbly oon-
nectecl o the sonece of scennd feedbaclk coctficicots

17, The system nf elaim TR farther comprising a second
sonree of the [orwand link aine sequence o he basse
slalton ransmiller seelion.

1. The spslem ol claun L6 1o which al leasl onc ol he
forsard Tink training sequence is characterized Ry hawing a
dlagonal wwtocorrelnlion malix,

19, 'The syatem of claim 1T in which the fisst decision
teodhacls comalizer comprises:

a phorality of adders, cach acdder having an rmepnat and first
and second operands, cach adder exeepl animibal adder
hiving a Lol Lesdback ooelicient as the [es! ope il
and oulpul Irom a precedmg adder as (he secomd
operand, e il adder bavim A liesO Leedback coel-
(etenl as Che (hsl operand and wero as lhe seeond
eperand; and

r.llﬁ T MG li!lr HﬁL'-li'lrIlZ[

a feedbacl Tine connecied oo sipply hinary clata symbnls
recslved] by (e Dass slallon revelver seclion (o 1he
aclders as control sipnals oo select the sign of the first
[eedback coeliciens wlhermby no weliplical ous ars
recpuired to implement the Base station decision food-
brach coualiocr

A The system af elaim 11 in which the first forsrand 1 hee

comprizes, Ior cach ol an o phase chaone] aod 2 guadralore
channel:

A Pluralily ol adders, cact adder having an ovlpol aoel Livst
ad sevund operands, eacl adder exvept an tnilal adiler
horeniyr o [l Dl coclieienl os (he lrsl operaod sl
oulpul Tooun o preceding adder as the secumd operanl,
the fnftial adder hawing a firat filler cneffrcicnt as the
[irst uperand and zero ws (e sscond vpecausd; g

an pul loe comceled o supply oy dala symbols L
(b adaders as vonirol sipoals oo seleel (e sipo ol e
(lee cocheienls wherchy no o mulliphcalionys are
reequited o aplemnent e Oest Loreard Ol
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