L4 \

;e3eppzz{t}R"}6<Tjw Fr t d~i ~~m~i ~mm i o~enw~0 Channel Eaualisation Field
O The Invention 5 The present invention relates to nethods and apparat us
for channel m"mmltumm Background O The Invention In several fields of
comuni catlimmm sts the need to deal at a receiver with nl ’m
tinme-varying nagpgs of a comuni cations channel. One such fi eI d ml mm""mm"l"l

communi cation is in code division multiple access (CDWVA). IS usgflyd N
t he cdnmaOne system (1S-95) and will be used in the so-called third

generation (3G nobile system Eggh of these systens uses direct 15
sequence code division nultiple 3@%&2&&#&&#&3&5&95 n whi ch orthogonal
spreadi ng codes are used on the down link to nultiplex signals to nmultiple
users. The spread signals of all users are conbi ned together synchronously.
The sum i s HeldhOfThe Inyentibnng pseudo- noi se code and transnitted froma
base station. Wile the transmtted signals for the users within a cell are
orthogonal to each 20 other, the multi-path propagation between the base
stati on gndrHdpragent mveationvelhtestbsnetpiods e apparatgerfet chianrigl eqbealisdtional s
received by the nobile users. Interference between the signals for
different users gives rise to what is known as nultiple access interference
(MAI ). Th RE AT ?TN%“n%bﬂﬂb icantly degrades system performance.

Vari ous rmnE&mgﬁﬁi;nrgaﬂﬂrjmﬂﬂmmseh for suppressing MAI, 25 for exanple see:
Mar kku J Hei kki | a, Interference Suppression in CDVA Down Li nk Thr ough

Adapti ve annel tion", | EEE Vehicul ar, Techno] o Conf erence 1999,
whi ch propd8e¥Vard gl@ﬁ%@ conguinigatienheteexats: thermeeskiay gg@’é‘ tenEgeder W'%
equal i sati aldoRiR guence; 30 Stefan Werner,
Jorma Lﬁlblg S?Eﬁ?ﬁm h?ﬁlﬁé%ﬁarﬁle m‘Eorre g'?éiqqonn%ﬁl n CDI\/A Systens Wth Long
Codes", | EEE Vehi cul ar Technol ogy Conference 1999, .2 which proposes
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DS- COVA DovopMANks a¥ed tthé‘&dﬂatd]@ggﬁbh{mﬂsfés )SAHE M| BE URRALPNRRSso- cél%E

Vehi cul ar 5 Technol ogy Conference 1998 proposes receivers which
equal i se f dhirdhgeeerationt €3G oobitd sybtesed drachhef phese sysjesis) uses r dinetds

th | th d a. code matched f t d t
cancel R SopenAe: 5508 Aefs M8 GorFes KETCOMRnT WER, Siibdota \
"Ml tiple Aggeagingorlebadireniedloh iwepabﬁﬁalrfkrto\/mmplexnﬁgha@hbnnﬁmmﬂ uS&s. in

WCDVA Down Link Receivers", G obecom'99, Eroposes recei vers which
equal i se th'EhQ:ﬁIarr%‘éISIQQﬁislolﬁ@"éﬁBrﬁ a@/@qmb@edttﬂaet eh8YRGYPBAYSIY ITh@(ﬂik“\Vﬁ t h

| ong_scr ambld 00RaNES) 2 ABh o d D ASRLE IR0 GATRRLALE REB"IIR Lickon 15

The suppr655|0n ne ose ese papers are ase

of finite iVihileshe rtesrmmitted (digmdls fquihe sisers withint hecallnprg osthggahalt to- eactse
ratio is high and if the channel is fixed, a FIR equaliser will usually

achi eve HetQWerpHia dn%lr;aeé ¢ RERPagalion aBAMWSASY thy Basaielation oo thepgisers
However, OVl a}lt disruits the Vrg{rb';{b[fﬁ%h W‘f?\rees@ﬁﬁg Cfe%@lv{é ‘Eﬁ!ép Zr;c’ljtg% users.

S|gnal-t0n0|se r an durin
Adapt i ve aligterfdrbnse detwedn ﬂw:hgnalsyfomellffbrerft Uskes gives r&el tovwlséatgeadnotnm-ami se

tio. Alth h t h d ' | -t
Fadi ng do rBLPIE Roreny etopsedliAlb The PERSOPSoIMA SIHEEE N MITeSHAY ods
still degr e gﬁ]rfb?mé%ge'véﬁ‘lo% rﬁéﬁ%ﬁ%%v@%e@h%bpbé‘é@for@@ préssieg MAU

mul ti-path the nore frequent l'ow si gnal-tonoise ratio event
occur, &% fohexampsesedic adaptl ve equali ser per f or mance becones. Deep

fading is one of {he main ns" |IS S 0
when used in conj &‘ﬁ or‘) \M?‘ %& %@ngfg ﬁh CBm P(?W?‘
of an adaptTN@ugHYdpive GIWET IISQtRinV EEHR %hmnwmmolég;eedhfe?a@nwt
al so upon the instantaneous si to-noise ratio (rather than a nean
si gnal t 0- no1 939, r which) proposes a recelver algorithm which performs adaptive channel
equalisation by estimating the transmitted chip sequence;
30 Stefan Werner, Jorma Lilleberg, “Down Link Channel D-Correlation in

CDMA Systems With Long Codes”, IEEE Vehicular Technology Conference 1999,



. 3 \wen designing a FIR equaliser for a COVA downlink receiver it is
general |y assuned that the equaliser should be as |ong as possible in order
to produce a true inverse of the nmulti-path channel. CGhauri and Sl ock,
cited above, state that " it is a well known result that |onger equalizers
give better results". However we 5 have appreciated that this assunption is
based on the expectation that the true val ues for all weights can be
obt ai ned, whereas in a practical systemthe estimtes for weights are

noi sy. Since .the magnituyde of .every weight | ifferent, the corres di ng
S gnai - Co- HicE rapgees tearle 8RR et Sxplot ol sRecid) viandlcr G e BF e
smal | - val ugyiiiiaRttsndiissiBs: bi gger than those for |arge-value weights in a
noi sy 10 environnent. Usually, small-value weights are also far fromthe
centre of the FI RkfaniGhauri, Wign Tt MeSlack: drinearcBaseivermidr-the-DSiGCMAaDown s

hi gh, th fit t . about.by th | - i ght s, .S bi h
thesum of inG. eepiotiny orriePagRaIY of FertBRtnae SoEd et FIREE o EiGaT "
good. O Berméch@ioldgyaCohfershes @9bBe whish prépuseguRceiverawHich RQuUaRsd dbr thd S

| ow, the small-value weights will lead to a 15 worse result and shoul d be
removed fr diftimied qchanngl, (basedn@madbe Bilgsr sianal)edot FRder nthe pisafusignals

i | ) iy ) ) . ) ¢ op
ne ot thi STHHdinl dhd a"Eodé nlahed HiEY i€ e YRR, bancd WiAPYer, infla-caike
i nvention, ydees:carmh adapti ve order equaliser is used prior to

de-nul ti pl exi ng recejved CDVA signgls which have n pre-processed to

i mprove the si gnzi'focﬁb 'go %Y%‘@?‘Paﬂﬂo?n@l Hlgnttie odmﬁ'ﬁlg §§899f§ jﬁf@ SERNE
adaptivgpne | S SN @E T i N s f i ; ect
the pr eggn;m?épvr%% '?anpﬁﬂo{?i'A easr, éﬁ%%a&%ﬁegﬁ %M?ygbevm [ IﬁiﬂESR\%E%I(\:lﬁ'%@’
ort hogonal Giobeadinn§9cwtich proposse deceiverstwitidh @quabsk thenghanneli(ph ehachiss

interf I f orth al {ty bet | tiple .
B Tl L A e
receiving Qﬁﬁéa&n@?&ik&RﬁbQﬁﬁﬁﬁBﬂth?he mul tiple conmmuni cations signals;

passing the recei Ved signals through a plurality of correlation branches
and conbi ning the 30 outputs of the correl ator branches to produce a

mbi [ l; ' mbi ned ' |_th h '
caual 1 adp 118 supBRESER b PRSI ke Bo 8RR e HELRRA P BB B
4 The wei ghirfitedRfbulRN@SPORBY (PR )ER|ualiséised i n an adaptive |oop which

i ncl udes pilot denodul ati on. Such a solution was proposed in our co-pending
Si ngapore patent application no. 200202669-8, the disclosure of which is

hereby inc orated.. T [ n f . an ive,l of. thi r Kk it
bossi bl et of W BeFE siebaRBhEReIaHR 3 AR F e Erafie 8 ek ir B SiFR e
esti mati on willeghllpyachieve better Pearformance rthan shabadhizvpdclhy taheakenveeivern
provi des a met hod of reduycin nultiﬁle ?ccess interference betﬂeen myl tiple
communi &8t i [BAWeLeryoyes a E'H@'&@Vﬁ'@dciﬁm%dWHer & Heertfapingopecyrs)ihe Ignaitay
over a nul tg = ; ly, ot oy i; i i ith el
recovering '??‘gﬁq}%‘ﬁ‘é@?@@givﬁté%%ﬁgkgﬁ‘@@ g?uir ai |I§€tplgﬁ8§i é%\aa ;(iggfaéh?%r{tgﬁgsato
each of whimdt workrespomelsiftthere i 4 1ew signadte-nofset fatiopafhisough theepetidds opat h

channel; (iii) .estimating a, weight for each of the t hs of each,of the
signals ¢ CoWsGRA R igied raie padkad by deppdadnagie neh st Tongs e axipate o
signal s I i o} e

St onal o 5 B SRAGRRENBEE Rl Serioy ARDUNLRRESD B3 eofloieRcs "60uRaRe
wei ght & i algoethma Fhedaster ithe njulii-pattf fasling &, tlyé mpreurequeantly lOwgignaaieof v)

on the recovered signals conmbinin hemto produce a conbi ned signal; and
(v) passi ng"?'R& '@gﬂb?\ﬁ%ﬂss?%‘?’rgl atng’r H"CHﬁeetaﬁa?ﬁ@%ﬁwet 8%@518%&8638"86%% ;
and (vi) depgehthad.i NDebPefaBftiépid Pk BL LRI tmaiAOrddsohs whY Yadditiveeegualiseps

i
(v) and (vi) a step is carried out of calculating the_melahts and length in
an adapt i veperfap amibadly wbendseddn sonipnctienwdthl timervarying ghennels. adpiscthe he

i nvention proyi n r I Lver.in . a [.catians
System i n uPRCH G 21 BHEPLYebalaiar ckPeRut FEC YT n IR R s
t he appagat bigt 4186 lupdnntie ins@RtaricdusesigValtoinoise fati (ratheritRariavedanvsignaine
of said nulti-path channels a plurality of signals of interest, each of the
recovered siOgiRiFe ralit)r esponding to a different one of the paths of the one
mul ti path channels; neans to estinmate a weight for each of the paths of
each of the recovered signals; nmeans to of fset each of the recovered
signals by an 30 appropriate delay; neans to apply to each of the recovered
signals a scale factor



'which is the conjugate of the respective weight; means to conbine the
recovered signals after their offsetting and scaling to produce an
conposite signal; an 5 equaliser to process the conposite signal to
produce an equalised signal; and nmeans to de-spread and de-scranble the
equal i sed signal to produce a desired signal. 5 Preferably the apparatus
further conprises an adaptive |oop whichgi ncludes a pilot denpdulator. In a
fourth aspect the invention provides a signal processor for a wreless
recei ver f use in a co i cations .Syst ' i ch, the recejver recejves
G nal s 10 WhER dearlnd GV EIREtAREE Y 3 EIMA SRk BRes 4 boE R eans
to: recoverasklfiddathat #dlequaRsir'sHbuly 86 SRl as pbdsibld I oRfdrtoirabnes & 2
plurality of signals of interest, each of the recovered signals

cor r esponditivg inversenfithe maylti-paie channele GhedE and Slpek oitedabave, stata that

Fecover ed & Bra@ Fadul el el 1oBger sBlalatls Bl Befigr BRGNS HiWBuer we
appropri gt ehavel appretiatetdfhat thizs assumptiont Rebasmbvartad eippttatinathaeahe tifuact or
which is the conjugate of the respective weight; to conbine the recovered

i gnal s af tEIUEHERT b Welahis iRenahe SbiaNer tWNBieAsuls o RraMSAhYS@TgnRe, t o

rovi de an | | ' {, URGH | f L DGiqRE it

Combi ned. 51 GuaTtas P RURhisS A Ael. Siosthe Moo AR B SEa oL is Affgrent.

he. adant Ve Susl | Sats o Tinet i on 1 5.br oy, deq USing o adantiyve | 6op. ahi oh
(Y u | A | | I usl I Ve . |

el udes. pioreREvHBatpianTo T B6 Hausr i, HoaS et 14 eRe Alus QOS BrofRiRe. o

mobi | 48" rinhRint U3yl 5 PEMRRRITIUE 2h/cPRR0 THFHEM N B BT EIR

including: a user inter a to w a user to contro
t er mi nal arfiter.o Whentthé desthntameous esignaktaldnoideoratior isnisighs theo benefitst krohghir

renote speech si | s recovered fromreceived signals; trapsm.tter

adapt ed 1 o 440wt oM e snaal-vellie ieinbiscls Wggerinen the 2ls of tag ZhigRtion £rprso
radi o frequacihedncaneid toveraiNadffecn@ilia b ¢RbYEr OtV t that eEOVWHers SR €
service signals froma received conposite signal; the receiver including: a
plurality dnsteatenepuggigralite-naisevatio is w,dhei ynall-vabicewedhts well lead: tofa

the.recdver a8 ERAT 8RS Pult Ba B Tl hnbing eRilsBpn oo, P HAEE sy e
one mul ti - padhthehastimel s ediRABEr fehgl? A Niend-barvirks AgiSY eshviroeiRRing id varatlee
rake fingers to produce a conbi ned signal; an equaliser to process the

conbi ned siygaMakaduse af nibie aperedi@ticy imdee maest prefetrad empodimgnty of the
denodul at or; m}%{! te t p f | LSET Ay er ; ;

receiver | H@?%n&g)i‘ an a ag?ié\}gaqq'{g%pgédg? %%@?%ﬁﬁﬁ'ég@h%n%;ﬁgal ngbﬁ'\tﬂ'}%@hng
i ncl udes a rpceioed EDMRUkIghals. whigh have been pre-processed to improve the signal to

20 noise ratio. Other embodiments use fixed —order adaptive equalisers similarly.

Summary Of The Invention.

In a first aspect the present invention provides, in a wireless CDMA system in

25 which orthogonal spreading codes are used, a method of reducing multiple
access interference caused by a loss of orthogonality between multiple spread
spectrum communications signals, the method comprising the steps of: receiving
over a multi-path channel the multiple communications signals; passing the
received signals through a plurality of correlation branches and combining the

30 outputs of the correlator branches to produce a combined signal; passing the
combined output signal through an adaptive equaliser to restore orthogonality;
and demodulating the equaliser output.



Brief Descri ption O The Drawi ngs Enbodi nents of the present invention wll
now be descri bed, by way of exanple only, with reference to the acconpany
figures in which: Figure 1 is a schematic diagramof a cellular radio
system 15 Figure 2 is a functional block diagram of a known nobile
termnal for use with the cellular radio systemof Figure 1; Figure 3 is a
schemati c diagram of a receiver according to an enbodi ment of the invention
Figure 4 is a schematic di agram showi ng how pre-conbining is effected 20

! : di h di t the i on: "Fi E i
schomat i o dBgpamniCare L RPSibe GrRTBies inbp ArBtvE Bt hbege bl | <
a pl ot conpRiMdtLIAtth. Buches selutioht\wad Bidposedrih uracgeriding SiRbaisire patent
according to enbodinents of the invention with that of known receiver_25

desi gns; Fiapptieations Aend00R4669e8 dthagtisstoeuremgfgmiieh ds heremuincperprated: Hdecase

that there ' ; . Al rd AL i

Embodt ment &TC TG o o SEAPLASIET o I mRES it Bbodlertor o WY ¥ Be
conmmuni cét iopesatedswithout @0 additidnal shanrelrastimatioa reesdesisoyt emrnmanogyuatisers. as

wi deband CDVA (WCDWVA) for 7 communi cation between users of user termnals
110 (for exanple, nobile phones) and base stations 120. A plurality of base
stations 12Q, ' P Vi O. i U NG R idh a
ar oat o pi 4] {Eeonst Agedetthe Fherical bioRiEs™ 6y B Paag e TGl B tees
a nobi | e t enterfiesgncelbetweamremuttige conesusipatieneighatshdhe phéthiodtioclndsg the

oL o0 12% e O | Bl Ao Rp AR PR B
swi tchi ng aqgidle; (MBGi) rédsldMpg fBkh Bfe GBBEIOEE eslghAlst AT Mlukdity? dfi &i§fals of

comruni cations network such as the public switched tel ephone network (PSTN)
to permt dnigresteachahwhieh gogespends vaa diffeventonsoptheseaths of the oidtepather

w11l so CPRYel? YR eStRRlnS: & IvaiGhe Ry falinbt B BT U caPh A SloMel"

subscri ber sepbvdrbg mwelstap &ii);r agivp offsstipig £0h asf wee | re%@véﬁédJ%ﬂ;Lr%Is)rby an

subscri bers of systens of other operators. Signals fromthe nobile base
station 12@pPrepiateadetayoe) applyngsigagactonot the nesoyelad sighats arfcelrfasiere

station,to atoJ el . i.ngl " " < WM Al cndl j 0
comuni égt i\%ﬁr}gg%ﬁ{gn{é orijﬁéé?gr}ffmt)ﬁ/e %épfﬁﬁi}?l’?‘?"ﬁ%tq’#q%fﬂto%z'é‘)ﬁt%@Aﬁégp;f”é?nmé@% t he
downl i nk betanginy tdue dieps (Bh)aandrvildn thed rédsyenedi dignalsr cambiningl @herhor to
exanpl e 150, 150" and 150", etc.. articular sone of the signals are

I n { ¢
reflected JiPAueR REFEORRINGY signgbrandar(v Sfig (e usBPIRedc §ignad thirughe@n
bet ween 20 ; J n ; i } signal s
have been r(gec?l'ﬁgg?@@ @'grah%é)? P:cg? pl?f rgng&t Qﬁhaé&géﬁﬂ%?@ggg\%@lt tinmes
before finally reaching the user termnal 110. The presence of natural
featuresg suych_.as hills and unt aj ns al so contribyte to_multi-pat
br opagaPort 1o aPUaieagR e (&} Ahe TaAeSiBe SR orAato ot Sl b, the
di fferent dﬁéights any RPgE M an Qéébti\ﬁé [ROPWIHEH %I@&%bﬂo%éd@l’af&rﬁr ent
| ength and different reflection conditions and this gives rise to different

attenuation |levels as well as different phase rotation. These different
or

propagation praperties _ disturb . the orthogonalit f the spr.eadi ng.codes f
Phe usar s da, Bifthsse the dtVehioh pAVIdRREAT candalls HESRAR A (P GEd A se
to multipl ecipBRRationE SyelePGe witith sy&tens aifnaly 8R GBhSAtte beer ARiithpath t he
downl i nk and 30 the uplink. In each case there is a challenge to the

desi gner2Sofchanaelse dlee @pparatus iimfdﬁlfﬂiggam%ﬂﬁa‘ﬁlF@%‘(ﬁ"dﬁ?'@rﬁ tsig_f’tahée?ﬁi‘&ﬂ eMelof
VA Hoveveg, s RCaNE nafi R GRIRIEIAEN bRiraRy e sRAYR 6Rlinthedt) cBRRRF the
consunption ahd cost o I'éterm nafl’s,
recovered signals corresponding to a different one of the paths of the one muilti-
path channels; means to estimate a weight for each of the paths of each of the
recovered signals; means to offset each of the recovered signals by an
30 appropriate delay; means to apply to each of the recovered signals a scale factor
which is the conjugate of the respective weight, means to combine the recovered

signals after their offsetting and scaling to produce an composite signal; an



'8 which do not apply to the same degree to base stations, the problemis
greater with the design of the receiver for the nobile termnal. Figure 2
is a functional block diagramof a conventional nobile termnal 110 for 5
use with the cellular radio systemof Figure 1. The nobile termnal 110
includes a mcro controller unit (MCU 200, an RF transceiver 202, a
digital signal processor (DSP) 20, and aguser interface 204. The nobile
termnal 110 may al so include external intertaces (not shown) for

communi cation with a conmputer, LAN .or oth device. 10 The RF transceiyver
502 pr ov, deduplReno; pREEss | RricdsaRoRiE sihal In Brodice. Al ealiped SGRPla otse
station 12¢heHietdelspiékas Bhil de-36HaniAg te WREEIINET sEHA 11PrEdIRe a desired
conventional rake type, a transmtter 220, oscillator 230, an antenna
coupl i ng cisigh@l.t 240 and an antenna 250. The antenna is coupled to the
transmtter 220 and 15 receiver 210 by the antenna coupling circuit 240
whi ch includes a duplexer for isolating transmt and receive signal paths
during f&l IPrefepatsy tihé appatdtusfifthe? @dhyRiseBeincddapiive 168 wHibPIreudeReS plldtons
may al so be supported and a switch provided to nmultiplex the antenna 250
bet ween th@eﬂﬁﬁgﬁﬁpbter 220 and the receiver 210 . Transnmit band and
receive band filters in the dupl exer provide the necessary 20 isolation
between the transmt and receive signal paths in the transceiver 202. The
RF si gnal il affough asppti theddvéntianprlovidesra 8ighal proosssomice at\widelbys resdivel60
to a base hand signal, filtered by a filter %z% nd Al D converted bé ﬂg
anal ogue/ dif®fi UgE Koy EPIERURIGALoNnS, SYsieMyUD WNiGHEe JRGRIVEE Teseiyes sSIBRals t o

t he Rakenr i 5 j j Iy ase
stati on 20 e oll AulpRhiihels il PRIy FieBRB o feebleron
fromthe D@Psigal revapldd besr bherofasaid tnhdti-paste chahaelnd ipiurelitysofgsighalst af
nodul ate an RF carrier .to send as uplink signals to the bgse statio 20.
The oac | | AH6esha8a51 o1 tes acey aiechBanaisgrateshadig &6 & Adinrentc pne of the
transl at i opatl bhe! SHE MUY -Bgﬁpcﬁ’éﬂ'%élé‘td B8tirhB RS Wdi§ R fof €dch 3 tHE BalPRFor203
includes a digital nodem 280 and a source coder/decoder 290. Source

coder / decog@ch2gfthencecamesed sigralshta offset feachdofgthe secayesed signalady ao

P onal's 1B eATPHRL Be: 55 ahPB 1 Bech 5% ratverdh sioBhis s SEoe R SHch i5e
out put overhé h@njiRpite ioTHAE REpeeie wWeighte télicahitihe TREa&ERE R SigRAISEST ter

digital signals to nake communi cations between the nobile termnal 110 and
t he base sttbeir offsettiograndesealingsto. produceracsambkioad r signal; tamrevide @rsageptiveses

t he operation pf_.the.nobil rmnal 110 1.0l rs. the proc

nssocl at ed Siueatel” tERRan Toh g e aresshi, BF Bug SR Re slorafac REREYL 2
typical ly ithelefrdes ap efualiosd eipssandaddempdolate tie peualiFeer sihaalfteaietbvert i ng
control of the nobile termi nal. Usual peripherals include tineNcounter
units, pAI AdeF@dSIgRul ati ons (PWW) generators, bi-directional

i nput/out put, serial conmmunications interfaces and other nodules to permt
the m croprocessor to interface flexibly with the various sub el enents and
circui try drefablyehevdddpdiveeequatiabtidn Gunclioa isi prowidledcaesingranragaptive lode

har dwar e co tatiopal units tp speed up mat henmati cal operations such as
squari ng aﬂgﬁéﬁ?m%c&? p'iﬁ?éjemq‘)%tﬁn-gener ally use timers to track network
time, using that information to assist in synchronising the nobile term nal

110 with the required transmt and 20 receive signal timng. The timng
i nf or maBornnafiftheaspedt the indention yprovidee doookiber tersinaldfar! wse iimdexXT3MA

associated with a receive ignal .. The.MCU al so. uses tiners to trigger
apeci T ot AORMUGICRRENs SHTtem (Be e aNal N chassh afsnEAdR oW’
operating rnpdpgr (1BUebnS] M qRobiltBiniRal taadK to Shpmdicakt Senvice TBRINMIsUfGH so
uses register files in nmenory to store calibration data, the '
transmission and to hear remote speech signals recovered from received signals;
a transmitter adapted to transmit the local service signals to a base station via a
30 radio frequency transmit signal; and a receiver adapted to recover remote service
signals from a received composite signal; the receiver including: a plurality of rake

fingers to recover from a signal received over one of said multi-path channels a



'25 electronic serial nunber (ESN) of the user (which may be used in

aut hentication or for other security purposes), and other information
needed on a |longer termbasis. The MCU 200 al so i npl enents the

comuni cations protocols used by the nobile 30 term nal 110. The
communi cati ons protocol specifies timngs, nultiple access approach,
nodul ation format, frame structure, powery |l evel, as well as nmany ot her
aspects of the operation of the nobile termnal 110. The MCU 200 inserts

10 signal | i intp. th itt.ed signal to the b
station 120 10wIe0t Figals of itiestrAGHbt HEqoVBrnd RBNAIS BRTEURIGIL @ The
MCU 200 r espfgeent bﬂeﬁéfgﬁé:détﬁg OfRsS JUNBSMURCISAtH Eshanhers; trAgaa & coirbinedthel 20

in accordance with the rel evant communi cations protocol. Wen the user
i nput s conmeadveney sigealss &ions that ekeafiegerssto tiedéesmearnganbkined sesignalo ame

MCU 200 for ion., T | s L ovi n i
torm nal  LIGAREL o ApoHSN: (s PRBEBIed SlyRE gl B BREFRE nhp bt
battery, sanflefdadti ah¢i Ng power consunption by changi ng nodes. In general
there are three nodes of operation for the nobile termnal: idle, receive
and tal k. |&dpmodulaierctor Hemadulate dheiebtnut ehtheseqnalisel.o functi ons except the
digital systemclock. In receive node the MCU activates the receiver 210
and the digital nodem 280. It further denodul ates the pagi ng channel in the
recei ved CORfsfesiaphatheimeceiver inchedssyes adativied lqoegforgcomtsaibing thedequsadiser
switches to tal k e. |n | Kk node the entire nobile termnal is activated
to support WB-MUB&WP@W@HP%E@-TM MCU and the DSP use dedicated or
shar ed b@ses to connect to nmenory (not shown). The nenory is typically
segnented into blocks that hold the start-up code, control software, DSP

firmvare, oBdef Beporiptiondaf Iheddrawifgsi n nobile units according to

nbodi t f the i i t he . ti I k i 210 i d
W a T ecer TbrdlReR didbe HesedRuaN M Tohow eop etk Guafa of SxaSRlE "
si gnal dem&mg%m réfePsHie t@%héﬂaf&cbﬁmprﬁgggigere%)m WiRenPr econbi ni ng portion of

the receiver can use a conventional arrani;errent “but wi thout
denodul ati on wi t Hrigutehd is alsehemagjecsagramedica ellujar radiegysiemier whi ch 25

the ordel® of 't he ‘S0 paSA ol el dRSETh R RAGER BB (R Tortie™
cal cul at ed gith @tie sélinat radfs spsteh efEigure Thi s approach will be di scussed
further with reference to Figures 3 and 4. 30 The structure of the new

receiver 410 is shigwe id s qurechematice Giagranecef var reggdvarn@ssoring to an
sections: t - i .age, 420; the normalisation stage 430; and
the equalis @Pgﬁﬁ‘%@g?gtﬁéweﬁ'?ﬁwgh Figure 3 shows the equalisation stage
11 as includi ng afigarEgtis\eschehatiedisgrameshowihg howepreicombbiaimgpisseffdnted

i mpl enent ed. using, a fixed, -order ecgjcaii ser. tl;he: pre-conbi ning stage 420 is
gener al 139 sinrA regeives agcerling i AR eMbqcinent etibeJayemiaticept that the
received signals g t; ' r SR IR tiRET: liSeH e
path wei ghts) d@bgﬁgé%%gé de?rtﬁ)dég%g{ﬁr{)gaf)gggﬁpggiaﬁ\/étrﬁéyg%% tﬁsa :a(;%’]@}t
stage 440. &idhi n the pre-comnbining stage 420 there are several parallel

fi 450" to 450. 1Q Wthin the multi:path. i.t e signal i ved
{1 om t he base ot atBBFE Pots Soblok orea iy tia: AL Y THiS B ELgehitance b

appr opr i at erRafVardRicebiding S eABddMERES oEiHROINGeRtionl WD thab &p WnBlvnareceiver
exponenti al wei ghted average approach. Wthin each finger 450 the received

signal 25 sdepigosied to a different delay, the del ays being decided by a

fingers 15 do notFIHEF dote RS EfdERh 87 Fiduer SRUMAA KPR oot g

to the finggiese 4P nfitiplo@ntsrtazonbi ni ng stage which are associated with the
strong paths identified. In each finger the path weight is estimted by
de-scranbling and de-spreading the pilot signal, then formng an 20
exponenti al [uel ed _avetr.age j.eki 1 i ayerage. The conjugate of

t he averageD ES S—S$—tret——car ctrat et ﬁ%gﬂWe estimated wei ght for the
rel evantgpath. The received signal is nultiplied by the estinmated path

wei ghts, but_is not at this stage subject to de-scranbling and de-sgLig i ng
as it woul dFigsired I8 @ sevematisriipgiam Of deedlulay radig oppEations gyste

fingers 450, r ; k Qi [ he
out put of 1 Al 05 BfuliDe accReg IeAAIBPF RIS o dyBdbnd IR IP I ARL
unit 470 and a scale factor (the conjugate of the relevant path weight) is
al so applied, at 480, to the signal in that branch. Wthin this

pre-conbi ning stage 420 of the receiver 410 there is no de-spreading of the
signal synbols as there is in a rake receiver (except for that used in 30
estimating the path weights). The pre-conbi ni ng snoot hes the signal and

o o - o - o o o Y o e -




'12 pre-conbi ning process changes the magnitude of the signal. The usual
automatic gain controller (AGC), which is provided in the receiver
up-stream of the preconbiner is unable to conpensate for the change in

si gnal magni tude caused by the pre-conbiner as this happens downstream of

t he pre-conbiner. The 5 normalisation stage takes the instantaneous

magni tude of the signal output by the pre;conbining stage, at part 500, the
exponenti al wei ghted average of the nagnitude is cal culated, at 510, and

this is used to nornmalise the sign at 520. The output of the .

nor mal | sat | G OHAGETREPAUeR aReR S id REIS AP ES BRIes Tige REORE8) anc
the signal a5d dRrsaP5@EENS IEZOPAUA abigFhlity DR RARUSLALDAS $2@RI¢204Ana PRIV EfRe t he
out put of the normalisation stage 430 'which is passed through a finite

i npul se r espeNisied(for Wyirgless epmenmication withex grgater phuality 0f mebjie iteranioalser
equal i ser | T de&; t e | i I i o di o]
t he cal cul aﬁa&ds@g);ﬁr@r gﬁ%ﬁé’ ﬁtralsea@ﬁ' %%@gp.g%rﬁﬁ 'Qa%ﬂeqjg%gglag\%ﬁggegﬁ #‘ngnct%g?rile
equal i sers i thepupsiinkr tabbaseadiatishetl G cieront ithie bhse ataiténiin 20 the | sgidls ppsarte a

(RLS) algorjthm such as that devel oped bel ow. course, other approaches

of
to or der ad'é‘ﬂﬁeaﬂaéilﬁnc%i‘t'ﬁ@eﬁsg@.e bate staliRngansiial May bpsovalar 1e agnebiRst
t (SDhyi ' i : 420, T
escent ( D%pes“fﬁg@ %Pe&ﬁ&égg ARy ML ?qéyr S%da eRRef @ﬁ'tL?rW t6%a THiged

equal i ser 4 'l ot “signal pt ation. e equal rser 440
processes téempugicatiobs metwsrigsadts agutheubliy switthedrtel@phsati metwstia(RSTN)

produces a chip estjmate, The chip-rate tput 625 of the equaliser i

e~ spr oad- t & PEVERFIGRIIoRy fisonssTsieaniia 1R elodbs PaSsesiarosaiarer & e own
pilot 2 e eTdkf e LS

0l gnal 645 TARL RELDIRIGE vied drorbl TH hiCBSifridhicatRe RoRe wif ol By
filter are signalsolrdmdthienuserctaroimal el W tch other uskaptarvauksdogibers bimtheacebuldr ng
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desired traffic synbols are recovered at an output 660. 13 The
pre-conbi ni ng process is advantageous irrespective of the type of adaptive
equal i ser whignels flormike i Mobiy base stationel 2@ Itrayab @iy oxer ifiesd spageron the

pr e comblhay puhK i I, BERE Uit e, PRl S nBAT 2 P daeT DY Sy
per f or mancealimaut nadics comaunidstionc sy styd thdretmay loengiuliti-phtht p@pagetidn oer
i's appropri a.teleé adj usted. As already nentioned, there is an optinum/|ength

for an FIR ggoalsi erthe floavmigkshetaepnr beneate siationnd2@mndntie makierterainas
wth the pr?P@rt‘o'rf‘e%aﬂipgéhl%ocH%B”%@g“fl}éfﬂge'té.mﬁﬁpaﬂicﬁfwaéd §%t the Lics ‘;é'rcf: By

order optimsation Is 'bést achrev mum out put ~ squar e-
pr e- conbi ni reflested] offi udidandspon stheormden nédedirustumnes whitte apeldcatetmetweén t he

recei ver of Figures 2. to 4 is consi deraPI inﬁrov?g_ a_redr?ﬁg comTBn
adapt | ve2br e Bage 3tAtieR <120 and, Hhe Inoklle termihe 1 9; [QRae signalioHavenbestyur o
5. Let the F&l&ﬁéﬁfb‘;ﬁatmﬁt ﬁn@tﬁbghﬁ)y Qﬁicﬁ@f%eése@ﬁﬂﬁméé%’é‘fézﬂemﬁaﬂﬁ?aéﬂ'ﬁnﬁa”

see that m can be changed from That is, the shortes ilter
has only 1 the giser tathinal t hiD.| dhgeptesente eof maturaivieatmeesyiguch dsehiliengnd of
the filter is criﬁt‘ierrrined y t orit hm whi L s.descri

b d i | d
beron Lot Mouniaieh Tt Sis et g 3B mif el Arnbadaith. Jihoicay ety aftrant ..
K 20 x(n) :tréﬁ%ri?s‘lbn*pléﬁpbiv(e@ﬁé% t a dﬁﬂ‘é}%nt ddiay. M @éﬂ\el’&!,eéﬁcﬁi][transhﬁséiﬁﬁ

and ck (n) are the anplitude, the data and the Spreading code for user k in
one cel |25 Thathpkas adlifférenhlength endidiffereotesflection condiions and thisegipes cise 40 ng

and sor anb! BeDy Mool ey8RaalowPL dac Slisrdit Fes uOfief THERR RARMY ¥
channel is prsiRigationsprapbhicsniisturt thuesrigsjonaline of thespreading codes for the
users served by one base station. The loss of orthogonality gives rise to multiple
access interference MAI. The same problem can arise both on the downlink and
30 the uplink. In each case there is a challenge to the designer of the receiver in
finding a workable solution to the problem of MAI. However, because of the

constraints on the physical size, power consumption and cost of mobile terminals,



‘the received signal can be represented as a received signal vector: 30 y(n)

= Tx(n) + ~(n) (2) 14 where, y(n) _ ~y(nN+1) ~~~y(nN+ N+ L -1)~-T
(3) is the received signal vector consisting of the signal sanples , x(n) _
~X(nN- L+2) ~~~x(nN+ N+ L-2)~-T, (4 5~(n) _ ~(nN+1) ~~ ~
~(nN + N+ L -1)~T (5) is a white Gaussian noi se vector. and
h(L)~~~h(1)00~~~0 T=""/(6) O~~0n(L)g~h(1) is the L-path channel

matri x, denot es transpose in this speC|f|cat|on 10 For pre-conbining,

TByE aN 96‘2&65&@ 5F BStothd o iefds 18 s BTR ithe MRERENS Grdter oo
= ~h(L). with h{elaseérgﬁo\ﬂ/ﬂeéﬂscelvér)fordmaqh6§||été¢nﬁ$éu mation of the path !

mhich can be obtained by the 15 sanme nmethod as in a rake receiver. Then t he
out put of the pre-conbining block or the input of the equalizer can be

o en as e PRRcnE GRKk et of 5 o RABkBATuBbIY St ang e
%tn ;JUE OE Lmsienﬁitgm@ﬁ?llqagmdimqe@m abFigurég. Wﬁgugobﬂé;]ﬁ)l\rﬂmﬁleﬂw imdttited)a
yequ(nNXNEW'C&ﬁgf‘VQ@F Wyt M@ﬁ@@c@ar%l.tr@@ﬁa@yg 25%@@ ﬁg@ltﬁé@tgcs\al 9foq9§éprkkN
Ck = d

T 19 the STEERA Gahd Fusel iméifack 20k) Thelihobdd émmind ¥4 fify 2isd nguude ©
val ue i n ntéxtesnaboitedacehnad sboivolifar camehomicatide . witted compldantlesN tdreother

spreading c de for the pil ot channel. 10 Then the algorithmis as foll ows:
--In|t|aI|z =0 E C~zMHi )"~ u+ > ~ forget-w=a , forget-R=D0b ,

The RF transceiver 202 provides the wireless link between the mobile terminal
110 and a base station 120. The RF transceiver 202 has a receiver 210, here of
conventional rake type, a transmitter 220, oscillator 230, an antenna coupling
circuit 240 and an antenna 250. The antenna is coupled to the transmitter 220 and
15 receiver 210 by the antenna coupling circuit 240 which includes a duplexer for
isolating transmit and receive signal paths during full duplex transmit and receive
operations. Half duplex operations may also be supported and a switch provided
to multiplex the antenna 250 between the transmitter 220 and the receiver 210 .
Transmit band and receive band filters in the duplexer provide the necessary
20 isolation between the transmit and receive signal paths in the transceiver 202.

The RF signal is first amplified by amplifier 245, down converted by unit 260 to a
base band signal, filtered by a filter 270 and A/D converted by an analogue/digital
converter 275. The output of the converter 275 is sent to the Rake receiver 210 to
25 process the CDMA downlink signal from the base station 120. Conversely, the
transmitter 220 receives base band signals from the DSP 203, amplifies them and
then uses the amplified signals to modulate an RF carrier to send as uplink
signals to the base station 120. The oscillator 230 provides reference signals
used for frequency translation in the receiver 210 and in the transmitter 220.
30
The DSP 203 includes a digital modem 280 and a source coder/decoder 290.

Source coder/decoder 290 includes a speech coder for digitising and coding



'e0 = 0 ECG""+ >~ 1Ib(n) =wn)" Y(n)C, (n) E CAMr1)x1 (12) e(n) = pilot
-b EC""+ ~x" (n) (13) 15 where en, (n) is the mh elenment in the vector
e(n) and a and b are selected paraneters called forgetting factors, which
can be chosen according experinentally as in many conventional systens.

Their value ranges fromO to 1. --For optinmal order selection: eo(n) =
forget _ w~ eo(n -1) + (1- forget - w) —4e(n) , ( 14) 20 no(n)=argm n{eo;
1 =1, I\/Hrl} (15) r where, eo; neans the ith elenment of the vector eo(n)

L. Th t ngt h_of thee aljzer .a refore
e OB e SR A S, B SHE s et R soed S

(n)F (16) 2BcuRedn me“dé\nhllrmﬂmvbh%g%@rrﬁﬂi HOBioSigh&e tABd bﬁtﬁm 'Eb)ver the 16
For m=1to M+ 1, let dimm= I ag o, ~-~-0,1,~~,1,0,~~,0 , Mml 2m 1

M mrl chn- wsanirtedaaai0d) Ok (n)° 5 --For the steepest - descent (SD)
wn{ n+1) =wm( n) +For get - R~chn vecm ~em(n) " (17) --For recursive |east square
(RLS): wr(n+l)=wnm(n)+R-'m(n)~chn vecmemn)  (18) 10 where -1 -1

R 2m | ~5~CTine vmgmaﬂmdderhnzs@cmo%eséémagntél SignBe 20" indke tolmeniBatiors 1
' l1+chn vecm 2m m | ~n~~chn vecm-2m1 é19 000 and where Rm

(n) * _

(0) = 0 bl letyveen tbmommemmioené@bmﬁﬁ@mom @ moragebust. consi sti ng
of the elenents 15 fromrow Mm2 to row Mtm and from col um Mmt2 to
colum Mrmof RmM, simlarly, chn vecyyt~2m1 E C(2m 1)x1l g is a vector
consi sti n ofhe hdcro controller unit 200 supervises the operation of the mobile terminal 110

and administers the procedures associated with the communication protocol being
10 used. The MCU 200 typically includes a microprocessor and supporting
peripherals facilitating control of the mobile terminal. Usual peripherals include
timer/counter units, pulse-width modulations (PWM) generators, bi-directional
input/output, serial communications interfaces and other modules to permit the
microprocessor to interface flexibly with the various sub elements and circuitry of
15 the mobile terminal 110. The microprocessor may include hardware computational

units to speed up mathematical operations such as squaring and division.

The MCU will generally use timers to track network time, using that information to
assist in synchronising the mobile terminal 110 with the required transmit and

20 receive signal timing. The timing information may be used to identify frame
boundaries and slot indexes associated with a received CDMA signal. The MCU
also uses timers to trigger specific tasks as the mobile terminal 110 switches
between different operating modes (such as sleep, receive, talk, standby etc.).
The MCU also uses register files in memory to store calibration data, the

25 electronic serial number (ESN) of the user (which may be used in authentication
or for other security purposes), and other information needed on a longer term
basis.

The MCU 200 also implements the communications protocols used by the mobile
30 terminal 110. The communications protocol specifies timings, multiple access
approach, modulation format, frame structure, power level, as well as many other
aspects of the operation of the mobile terminal 110. The MCU 200 inserts



‘elements fromrow M- m+ 2 to row M+ mof chn vecm, while 8 is a large
positive real nunber. 20 Figure 6 illustrates the bit error rate
performance of a conventional rake receiver, a receiver based on a

fi xed-order equaliser w thout pre-conbining, and two receivers using
pre-conbi ning and according to the invention : one with a fixed order
adapti ve equaliser and the other with ansgdaptive-order equaliser whose
order is adapted according to the RLS al gorithm devel oped above. Fig. 6 is

17 f | | defi |
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Doppl er frequency forgetting factorS are a=0
Fig. 7 showe signalling: messages rece; ormthra lpsesstation 42040 aqcvoedam@ommw the
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430, an equalisation stage 440, 10 and a de-spreader and de-scranbler unit
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branch are process |

branch(es). crﬁmu@maﬁei he gerepél tﬂewraeeothrw rﬂdijesocbape:htmmfmrtthe moblle
"ref erence” to generate the error mgar_\ 640. The 15 errordjs gnal 640 is

used by a sterginalaigie receivg @od; taln «lgrmage nihguMCY 0309 tivaiest B‘Otshe
e 1S AR AGISD Al 5L GATEREN PSRN DB hAyaah

ant enna br ul ators
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pr e- conbi “'ﬁ%n%ﬂtdﬁ%&%'th&%beé !nStail@ﬁHoh@ thB&Nifé infdtire fePMHAD i aétnidtéd to
length) FI R equalizer, the 25 equalization output is sent to desired

si gnal de- nsuhpait o wagmmracmicahgn plus de spreading in WCDVA system and
pil ot de 1§T0du| ator (de-scranbling in WCDVA systen). b) The pil ot
de-nodul ation outputs fromall antenna branches are added. 30 The sumis

subtracted Themeband ®eDSPaseSdadishted obihaePbuses tBorimsatitd memogowot
caIIed “error signal". |If the variable |length equalizer is adopted

"error si gnshowny. | Thenenermoruisatypically 1segmested oinie Hianksi thgt t@'@jlthﬁeﬁ*éﬁﬂp
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Pl ease see equation (14) in the draft. In equation (14), ais a colum
vect or whose elenments are the M+l error signals respective. eo is also
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equaliser based signal demodulator (shown as 410 in Figure 2). The pre-

combining portion of the receiver can use a conventional rake arrangement but

without demodulation within the rake fingers. Preferably the equaliser which

25 follows the pre-combining portion is an adaptive order equaliser in which the order

of the equaliser is adjusted adaptively according to the calculated error signal for

each order. This approach will be discussed further with reference to Figures 3

and 4.

30 The structure of the new receiver 410 is shown in Figure 3. The new receiver has
three main sections: the pre-combining stage, 420; the normalisation stage 430,
and the equalisation stage 440. Although Figure 3 shows the equalisation stage



‘forgef w can be chosen in the range fromO to 1. The exact val ue of forget
w depends on the application environnent. Simnultaneously, the index for

m ni nrum exponential weighted error signal is selected and kept foll ow ng
the rule in equation (15). If the fixed length equalizer is used, the error
signal will only be 10 calculated one tinme, and this error signal is kept.
It can also be represented by (14). In tRhks case, forgef w=0, and there is
just one elenent in a and eo. c) The adaptive algorithmw Il cal culate the

wei ghts and_optjnal |ength.for ual izers . in all _ antenna branches using the
exponent | al aSacligyal Adaptive gristetslisers e RUPRIGRCEn Alhab S ETBEmented

cal cul ati nguﬁh(?grfi)@arnd}agr 86ufiseppest -descent (SD) in equation (17) or
recursive |l east square (RLS) in equation (18). If SDis used, the current

wei ghts for equalizers are determ ned by the exponential weighted error

si gnal (eo) to C oo tii ct .and the
wei ghts | as-[h‘% Bﬁeéggrgﬁﬂﬁ{]/%%fﬂcqesi%%o&n@%@%g‘"SEé&é%ccbhggnt!&valg%i%%%%ﬁc i on
di nm (shaw éxcepl thatlth@eedeivat sigpalrarbinot subjedefndeapraiing herd @xcppt ot

(YC,) dimmadmts 2m1 elenents in the central of the chn vecm and di sable
the ot her efEimatePathmeaiokts) ; de-speracing f@ﬁm%@l"é?'@@s%%"% Ketherquadisation

equal i zer '&HQ%QA order). Index mshould be chosen from1l to M+l
correspondi ng©to 1 different equalizer 25 lengths if the variable length
equal i zers are used. In every antenna branch, this calculation is the sane.

If RLS i ., th t . wei ght | 1 1 b
expone n; ;s af"i&&gffbﬁﬁg%r%%&nvﬁ%tgg? %@thﬁﬁ%ﬂ%% ﬁlﬁé'%% r%aa.rrg'ﬁci E'ngr@gg §6j1 to%'stoh-e
pseudo- '1@Ve\ﬂ§lﬁirﬁ€1e Itk 948 | ri]t\éessqtﬁr%l r@céﬂ)‘ﬁd ?rbﬁhtﬂ@ e $a8bn U2BBeveIn

vecmis fornmed t he sane wa algorithm The difference is
cal cul at i onstodng pathp e ddentifiedrana appropriate’ patimiweighte ate astimated using e

| cul ated ysj ' 19) and (2 ively. |Ip ever
b anch. ¢ ni SCURP e B ah S¥pRReRlHluleigteltzgelans Botoeh B i 835 0% o,
wei ght s andgshteORiceRld dighaltis siBfeeRid tof PliffeRdhtUehay The @elayariei Pﬁ%ﬁpé&ed

recursively. Al'so, by the“above process, we have obtained the optin
equal i zer |kygtrhodute'468mb infe raker resgpyendimeonieasy e Snowb receivers theafingersa

br anch. erefore th t, of ¢ etected user signal is shown in
equat i on' (1 9P°QW°%8@W8?W8€¥P§?%- possible within the scope of the
i nvention. For exanple, although the advantages are expl ai ned above of

i ncl udi ng an adaptive | oop for the equaliser, particularly one .

i ncor porati 'ﬁbe ﬁi’CFQﬁYedjé'ﬁﬁa isgssad te M%flmrsﬁé@é@féae@rwpmm@naﬁtaﬁﬁ which
certain enbgg] - ' [ : o : ' CDVA
systemin @c%@é:cﬁgé]%@ﬁhg%\r@ggi Fsr%gh%o leﬂgé)'elgﬂé?gg{,ﬁ '@errrﬁ%gamo\&girgggﬁsci ng
mul ti pl e acestimatedtisr deserarablirapanddosspeedding thd pliotaigalgiheal fotrpingedmeen

mul ti pl e spread spectrum comruni cations signals, the t hod conprising the
steps. 0f20 ( BYPANERdAL VRGN Avaragel ariSIdinorviRaw Averasie. The eopigate of the

Ccati . Le - . : )
i ural ity ofgoe PRI s ek cARBENED (S HReTAE BSKRNSY HBRT oT@ EvanL
correl at or pathncHesreceiyedosigeal is nudtigliedday thegestimated)patiaswsighys e is oobahed

output  si gnﬁ\'is tst%rg%u&%jeacq tg%%-pstcirgr%bﬁr%]%lnh Sdeer—'SpFle%%ing as it would be in a

conventional rake receiver. The outputs of all the fingers 450" to 450" are then

25 added together in adder 490 to provide the output of the pre-combining stage.
Each finger 450 includes a delay-offset unit 470 and a scale factor (the conjugate
of the relevant path weight) is also applied, at 480, to the signal in that branch.
Within this pre-combining stage 420 of the receiver 410 there is no de-spreading
of the signal symbols as there is in a rake receiver (except for that used in

30 estimating the path weights). The pre-combining smoothes the signal and
improves the signal to noise ratio because of the multi-path diversity. The pre-

combining stage is preferably followed by a normalization stage 430 because the



"(d) ‘'denodul ating the equaliser output. 15 2. A nmethod according to claim1l
further including adapting the equaliser using an adaptive | oop including
pil ot de-nodul ation. 3. A nmethod of reducing nmultiple access interference
between nmultiple 20 comuni cations signals, the nmethod including the steps
of: (i) receiving over a nulti-path channel the nultiple comrunications
signals ; (ii) recovering fromthe receiqu signals a plurality of signals
of interest each of which corresponds with a different one of the paths of

t he rrultl-pth2 .channe i matin ht for .each of t at hs
of “each of ‘HRETHANCIPERSY Ehateds nelBoRfudR SRh8 Biandls PR L ab Pt ne
recovered sgdlnabhtrbler(AGOR WHIEH &t SrodRieddin tlﬁé’)ecﬂi\ﬁér){migtréémQﬂQhe 9f'e-t he
recovered signals a scale factor which is the 30 conjugate of

cor r espondi $RiNRiBRH s Unakle e campensatedpr the ¢f)angwn)smalémamtudﬁ Gﬁysédtb}’st eps
(iv) and (‘ét}we‘zgﬁté@ﬁw&ﬁéroé{se{rﬁgpagsggé ngo\%Rg@Péé}h’}Qtﬂé‘ﬁPé-EB [OUgRea conmbined

si gnal ; passi n I ned Signal rough an equal i ser to

produce &n mormalisatiometagel taklesntitbingtantanddus magaitideof thet gighal dutgut by thet hod
according to claim 3 further including adapting the equaliser using an

adapt i ve | oJ§-SMNRIAINGRtpgaeat RﬁrF at0db PHPP W@Qh‘;&?dr@’@rﬁéﬂe 8k h?ccor di ng
t t
0 any precﬁgpﬁgut R Blc)aehl5%0 gﬁc{wrl% ﬁg{]ée‘a”toﬂ{d? |§e'tﬁe g%%spﬁwﬁet hod

prior to pas e conbl ned ‘sign the equaliser:
as claimed in claimb, wherel n the normalisation process involves taki ng an

exponenti al d.gr sli ndo e, of the |ned si gnal

A bt hod asTs oL of il fomislisahn S FIERINAG pabSeddd tiaenedlivoliaa stage
equal i sefy | M@EAN@ AP SigHal @rdiﬁépr%ﬁéﬂétbbﬁ%um&é)e length is adaptively
adjusted. 8. A nethod as clained in claim?7, wherein the order of the

equal i ser is adjusted according to an adapt| ve order algorithmof which the

clai mod i OoratesF stk 470 ReivRE kT ROeins oiindlisetn SeBEX0hMR o .

recursive |iggrissed tiroaghlaofiite pulSS rdeponbe BRIRAfiIKer B00. Listhel ékainpleeRowdr i n
a communi cations systemin which systemsignals are transmtted over

nul ti - pat h @mhadaelive ofdes egpphseaitis gsedcl rIPHIEr ofdhsmequalisesivadiustacom a

of i nt e et acBRaRY3p R EaRLIAM Pl loprbPt ER IR, Tnd et epBUniortone

Of t he pat hiseddquihieeigeretdrably Raljisted anesidirig B0a reAURSive fegstisquate (RLSEI ght
for each of the pat hs of each of the recovered signals; neans to offset

each of thedlpetthinepdeh a5 dhal develonad beipweoPXf icaresed othsy: -approaches to order
adaptation can be used. One such alternative approach is steepest descent (SD).

An algorithm to apply SD is also developed below.

20
The equaliser 440 uses the CDMA pilot signal for adaptation. The equaliser 440
processes the pre-combined signals output by the normalisation stage to
produces a chip estimate. The chip-rate output 625 of the equaliser is de-spread
to reveal pilot symbols 615 and these are compared with the known pilot

25 sequence symbols 620. The difference is then used as an error signal 640 in an
adaptive algorithm such as RLS. The weights in the FIR filter are controlled in
accordance with the adaptive algorithm, according to conventional methods.

The desired user’s channel is recovered by de-spreading and de-scrambling 650
30 the output of the equalizer. The desired traffic symbols are recovered at an output
660.



"22 neans to apply to each of the recovered signals a scale factor which is
the conjugate of the respective weight; nmeans to conbi ne the recovered
signals after their offsetting and scaling to produce an conposite signal
5 means to nornalise the conposite signal; an equaliser to process the
conposite signal to produce an equalised signal; and nmeans to denodul ate
the equalised signal to produce a desiredgsignal. 10 11. Apparatus
according to claim 10 further including an adaptive |oop which includes a
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S gnal - to aanennetiiea it 1Siith vafie S MANSAS ririfertiBs e Cfiadhel
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produce theyefrom an equalised si,gréal ;. and 30, to denodul at e the ual i sed
signal to rd8BIRYMOUiRWY SqUare esio4l- By Pre-combiningang usingadapti¥e oré®fcor di ng
to clai MalZadinstihbrs th E [ ?F%%%'. i g i i daptive
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mobi | e t er nimpbvéd comparechtcaca@dividncadaniive csdenegualizetsem t he terni nal
including: a user interface adapted to allow a user to control the nobile
termnal and to input |ocal service signals for transm ssion and to hear
rendte servikgvatiablalordecEIR fiketds Shewh!ie Frawe®. $e8tfd nglPofthel AIRSTidr Rl
adapted to transmt the local service signals to a base station via a radio
frequency t2mnshi Thengfiam Figuee &, weoanwase thahpt eanthe changes frorarfiotoeMedr vi ce

signal s fr .received copposite signal. the.receiver including:;

ol tral (0 ofMatikanpisngaeStiehrascull Tianh vg I oidest Blar BeR tvsde o 1s
sai d mul ti-pajghtshameabagh dfltHe Hitl higea! ] ig1€
recovered si g?a.l S corres%ondgi ﬁg '!ghgd(ﬁt?mlrag%tb?gﬁg dgf%bﬁﬁgékgzﬁrﬁ?ﬁmmm?one
mul ti - pat h desaihed belowdrst the transhiitted mudti-usenehip seéqueneafront a base fséaticak e
fingers to pr.oduce a conbined signal; 20 an equaliser to process the

conbi ned sitg al and to increase the orthogonality thereof; and a

denodul ator to denodul ate the output of the equaliser. 15. A nobile
term nal according to claim 14 further including an adaptive |oop for 25

adapti ng,+ he equaliser and [ngludi INCO ul_at ,on.
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wherea,, b,(m) and c,(n) are the amplitude, the data and the spreading code for

user k in one cell. The period of the spreading codec,(n) is equal to the

processing gain, N. The signals of all users in a cell are combined
25 synchronously and scrambled by an aperiodic random code spm(n) .

The multi-path fading channel is modeled as a MA (moving average) process and
the received signal can be represented as a received signal vector:

30 y(n) = Tx(n) +&(n) (2)
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where, #(I) denotes the estimation of the path /, which can be obtained by the

15 same method as in a rake receiver.

Then the output of the pre-combining block or the input of the equalizer can be

written as:
Y, =Y, L eC™ 9)

pre

20 The Y, consists of y, (i), v, (@i+1)... After which, the data matrix can

be constructed using the output of the pre-combining process as:
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yequ(nN+M+l)---yequ(nN+N+M)_

Constructing the de-scrambling/de-spreading vector of user % :
C,(n) = diag(spm(n.})---spm(n,N))-¢, (11)

where ¢, =[c, ---c,y]" is the spreading code waveform of user k. spm(n, ) is the

jth chip value in nth symbol of the aperiodic random code. Let ¢, denotes the

spreading code for the pilot channel.

10  Then the algorithm is as follows:
--Initialize w(0) = 0 ¢ CEMHIMD forget _w=a, forget R=b,
eo=0¢e CH
b(n) = w(n)” Y(n)C,(n)" € C¥*™ (12)
e(n) = pilot —=b € C**™ (n) (13)
15 where e, (n) is the mth element in the vector e(r)and a and b are selected

parameters called forgetting factors, which can be chosen according
experimentally as in many conventional systems. Their value ranges from 0 to 1.
--For optimal order selection:
eo(n) = forget _w-eo(n—1)+(1- forget _w)-e(n), (14)
20 m,(n) = argml_in{eoi,i =L..M+1} (15)

where, eo, means the ith element of the vector eo(n).

--The optimal length of the equalizer at instant » is m_(n). Therefore the
output traffic symbol at instant » should be
by(ny=w,, (m)" Y(m)C,(n)’ (16)

25 where, w,(n) means the mth column of the matrix w(n).
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M-m+! 2m-1 M-m+1

chn_vec, =dim,Y(n)C,(n)"

5 --For the steepest-descent (SD):
w, (n+1)=w, (n)+Forget _R-chn_vec, e, (n) (17)

--For recursive least square (RLS):

w, (n+)=w_(n)+R'w(n)-chn_vec, -e,m)°  (18)

10 where
-1 -1 Rm12m  (m)ehn_vecy, -1 .chn_ vecH2m lRm12m 1(7)
Rm,2m—1 (n+])= Rm,2m—1(n) - H -1
1+chn_vecm,2m_1 'Rm,2m—1 (n)-chn_vec,, 25,1
(19)
000
and where R, (0)=|0¢L0 (20)
2m-1
000

R;zl,Zm—l e cm=1x2m=1) is 4 matrix consisting of the elements

15 fromrow M —m+2 torow M +m and from column M —m +2 to column M +m of

- (2m-1)x1 -
R;', similarly, chn_vec,, 7, 1 € C is a vector consisting of the

elements from row M ~m+2 torow M +m of chn_vec, , while ¢ is a large

positive real number.

20 Figure 6 illustrates the bit error rate performance of a conventional rake receiver,
a receiver based on a fixed-order equaliser without pre-combining, and two
receivers using pre-combining and according to the invention : one with a fixed —
order adaptive equaliser and the other with an adaptive—order equaliser whose
order is adapted according to the RLS algorithm developed above. Fig. 6 is a
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systems. The multipath fading channel is a 4-path channel with Doppler frequency

6Hz, and the forgetting factors are a=0.9 and b=0.98.

Fig. 7 shows how the structure shown in Fig. 3 is varied in a second version of the
embodiment, which includes multiple antennas (a number Nu). In this case, there
is an antenna branch for each of the antennas. The antenna branch includes a
pre-combining stage 420, a normalisation stage 430, an equalisation stage 440,

10 and a de-spreader and de-scrambler unit 650 (demodulator). Each of these
stages are equivalent to the corresponding stages shown in Fig. 3, but the pilot
de-spreading results for each antenna branch are added to the results of the
same process in the other antenna branch(es). The sum of the pilot de-
spreadings is compared with the “reference” to generate the error signal 640. The

15 error signal 640 is used by a single adaptive algorithm RLS or SD module 605 to
calculate the weights and optimal length of the respective FIR equaliser 600 for
each antenna branch. The outputs of the demodulators 650 are combined by an
adder 500.

20 The process is as follows. This is equivalent to the mathematical description given
above in the case that the number of antennas, Nu=1.

a) In each antenna branch, received signal after pre-combining and
normalization is fed to the variable length (or fix length) FIR equalizer, the

25 equalization output is sent to desired signal de-modulator (de-scrambling plus de-
spreading in WCDMA system) and pilot de-modulator (de-scrambling in WCDMA
system).

b) The pilot de-modulation outputs from all antenna branches are added.
30 The sum is subtracted from the “reference signal”. The subtraction results is so-

called “error signal”. If the variable length equalizer is adopted, the “error signal”

will be calculated M+1 times corresponding to different equalizer lengths in one
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P00k () i 2 pelsge 9 -fteF Sighkis” &t eortdriial WEighted Bvetadewith their
$s10"! 10%&preyioub vaildsk rédpdctival)irdease 5dO¥Unalion (14) in the draft. In equation
(14), e is a column vector whose elements are the M+1 error signals respective.
eo is also a column vector that includes M+1 results of the exponential weighted
5 average of the error signals corresponding to different equalizer lengths. In (14),
forget_w can be chosen in the range from 0 to 1. The exact value of forget w
depends on the application environment. Simultaneously, the index for minimum
exponential weighted error signal is selected and kept following the rule in
equation (15). If the fixed length equalizer is used, the error signal will only be
10 calculated one time, and this error signal is kept. It can also be represented by

(14). In this case, forget_w=0, and there is just one element in e and eo.

c) The adaptive algorithm will calculate the weights and optimal length for
equalizers in all antenna branches using the exponential weighted error signals

15 and others described below. The calculating algorithm can be steepest-descent
(SD) in equation (17) or recursive least square (RLS) in equation (18).

If SD is used, the current weights for equalizers are determined by the exponential
weighted error signal (eo), the channel vectors (chn_vecy,), forgetting vector b

20 and the weights last time. chn_vec, is formed by the product of a window
function dimy, (show in p15, line 6 in the draft) and despread results for pilot (YC+)
dimp, admits 2m-1 elements in the central of the chn_vec,, and disable the other
elements. This is the necessity for choosing the optimal equalizer length (order).
Index m should be chosen from 1 to M+1 corresponding to M+1 different equalizer

25 lengths if the variable length equalizers are used. In every antenna branch, this
calculation is the same.

If RLS is used, the current weights for equalizers are determined by the
exponential weighted error (eo), the channel vectors (chn_vecy,), pseudo-inverse
30 Ry forgetting vector b and the weight last time,. chn_vec, is formed by the

same way in SD algorithm. The difference is calculation of the pseudo inverse
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recursively. In every antenna branch, this calculation is the same.

By the above process, the equalizer weights and the optimal length (order) for the
5 equalizer are calculated recursively.

Also, by the above process, we have obtained the optimal equalizer length “m,
and the corresponding weights Wm, for each antenna branch. Therefore the
output of the detected user signal is shown in equation (16).

10
Many variations are possible within the scope of the invention. For example,
although the advantages are explained above of including an adaptive loop for the
equaliser, particularly one incorporating pilot demodulation, this not necessary for
operation of certain embodiments of the invention.

15
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CLAIMS

1. In a wireless CDMA system in which orthogonal spreading codes are
used, a method of reducing multiple access interference caused by a loss of
5 orthogonality between multiple spread spectrum communications signals, the
method comprising the steps of:
(a) receiving over a multi-path channel the multiple communications
signals ;
(b) passing the received signals through a plurality of correlation
10 branches and combining the outputs of the correlator branches to produce a
combined signal;
(c) passing the combined output signal through an adaptive equaliser;
and
(d) demodulating the equaliser output.
15
2. A method according to claim 1 further including adapting the equaliser
using an adaptive loop including pilot de-modulation.

3. A method of reducing multiple access interference between multiple
20 communications signals, the method including the steps of:
(i) receiving over a multi-path channel the multiple communications
signals ;
(i) recovering from the received signals a plurality of signals of interest
each of which corresponds with a different one of the paths of the multi-path
25 channel;
(iii) estimating a weight for each of the paths of each of the signals
recovered in step (ii);
(iv) offsetting each of the recovered signals by an appropriate delay;
(v) applying to each of the recovered signals a scale factor which is the
30 conjugate of the corresponding weight estimated in step (iii);
(vi) after carrying out steps (iv) and (v) on the recovered signals

combining them to produce a combined signal; and



"10°10% & ()-q! 10%zhz& ()-AE 010%t& ()-GY 10% & ()-yS10% & () -

10%& ()-vvvwvwFwtwpA?j @ ! 100Y) 10% D& () -

"10% & ()-y%d0%u & ()-!3'f109%0_0_& ()-![03'f10%& ()-3!f10% & ()-twww xx4yaB
j_ @ ! 10F6 10% & ()-F310% & ()-yl 1! 10% & ()-FY 10% & ()-3,10% & ()-'Y)10%
& ()- 4yyyyyyzz{ bC ! 10! 109%& ()-s&s10%& () - 10°/<5& ()-s10%& ()- 10t 10t
10t F7°10% & ()-{.|d}}~T~_~dEbC ! 10&%Y1 %& ()-"9'10%& () -

1096&' () - &F- #109%6& () -!10%)& ()-,!10%& () - _~~~. ~dELC !

101! 10%¢& () - & / #10%5¢&: - 1096 @&10 Y1098 #1095& () -
o)1 40D st e ormeitba i Triondh (o alisb o (yodece dn
10958 () - 253 A% ahl- 0 I} [ 9YNC

(viJdemodulating the equaliser output.

5 4. A method according to claim 3 further including adapting the equaliser
using an adaptive loop which includes pilot demodulation.

5. A method as according to any preceding claim, wherein a normalisation

process is carried out prior to passing the combined signal through the equaliser.
10

6. A method as claimed in claim 5, wherein the normalisation process

involves taking an exponential weighted or slide window average of the combined

signal.

15 7. A method as claimed in any one of the preceding claims, wherein the
equaliser is an adaptive order equaliser whose length is adaptively adjusted.

8. A method as claimed in claim 7, wherein the order of the equaliser is
adjusted according to an adaptive order algorithm of which the optimisation
20 criterion is minimum mean square error.

9. A method as claimed in any one of the preceding claims, wherein the

equaliser applies a recursive least square algorithm.

25 10. Apparatus for use in a receiver in a communications system in which
system signals are transmitted over multi-path channels, the apparatus including:
means to recover from a signal received over one of said multi-path
channels a plurality of signals of interest, each of the recovered signals
corresponding to a different one of the paths of the one muiti-path channels;
30 means to estimate a weight for each of the paths of each of the recovered
signals;

means to offset each of the recovered signals by an appropriate delay;
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5 means to normalise the composite signal;
an equaliser to process the composite signal to produce an equalised
signal; and

means to demodulate the equalised signal to produce a desired signal.

10 11. Apparatus according to claim 10 further including an adaptive loop which
includes a pilot demodulator.

12. A signal processor for a wireless receiver for use in a communications
system in which the receiver receives signals transmitted over multi-path
15 channels, including
processing means to:
recover from a signal received over one of said multi-path channels a
plurality of signals of interest, each of the recovered signals corresponding to a
different one of the paths of the one multi-path channels
20 to estimate a weight for each of the paths of each of the recovered
signals;
to offset each of the recovered signals by an appropriate delay;
to apply to each of the recovered signals a scale factor which is the
conjugate of the respective weight;
25 to combine the recovered signals after their offsetting and scaling to
produce a combined signal;
to normalise the combined signal;
to provide an adaptive equalisation function for the processing of the
combined signal and to produce therefrom an equalised signal; and

30 to demodulate the equalised signal to recover a desired signal.
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10 a transmitter adapted to transmit the local service signals to a base
station via a radio frequency transmit signal; and
a receiver adapted to recover remote service signals from a received
composite signal; the receiver including:
a plurality of rake fingers to recover from a signal received over one of
15 said multi-path channels a plurality of signals of interest, each of the recovered
signals corresponding to a different one of the paths of the one multi-path
channels;
means to combine the recovered signals from the rake fingers to produce
a combined signal;
20 an equaliser to process the combined signal and to increase the
orthogonality thereof; and

a demodulator to demodulate the output of the equaliser.

15. A mobile terminal according to claim 14 further including an adaptive loop for
25 adapting the equaliser and including pilot demodulation.



