WO 03/ 061301 PCT/ SG03/ 00009 1 PATH DI VERSI TY EQUALI ZATI ON CDVA DOWNLI NK
RECEI VER 5 Field of Invention The present invention relates generally to
Wi rel ess wanosaimati ons systens, and nore particularly t®eowsas3es®9
conmmruni cations equalization receivers for use in code division nultiple
access (CDMA) conmmuni cations systens, 10 Background Wrel ess

- conmuni cations systens are becom ng'the preferred choices for the
provision of transn ssion services for digital voice, video and data. Code
di vi sion nuBATH BIYERSEEY EQHALIZAIMLCDYIA DOWNE.INK REEEEVERCt i ve

wi rel ess access technol ogies for supporting variable and high data rate
transm ssion services. As an 15 exanple, w deband CDVA (WCDMA) is adopted
in the 5t aliddrodilreentiom of the third generation part nership project (3GPP).
It is ther r nt| bus ness otentlal in
the provi S’?loﬁJrgsfel?tr]%ﬂfne?@?ﬁ%tﬁt&genérggr ] \)\hrstale%é‘l ?o i elé"%S SYSleIs, {elhs ang s, In the
Wi rel ess |partaninely tolomeless, corrﬁmmumedmsceqwhhmodae(&meﬂs for esesifi esdedivifisrom a base
station ( t at t hus maki ng downl i nks the dom nant
traffic | |%§1ﬁ%’8 ?ﬁ?goﬁﬂrl\gf‘ Sy 1ca$10%s)sy%}%%l n. This situation is also true
of other data transm ssion appl ications, e.g., wreless nmultinedia

comruni cat$ T(S gerefore, it is inportant that the perfornmance of

downl i ks PHBYIUPE| ess communi cations systens, in particul ar COMA-based
systens, |Wiktl@ ov@tunidiiond dybeme ol bebdsingf theDMefdpas echositstieaue al | nobi l e
stations withi.n t?% sane.cell .or @%@3 use the s rre fre%uency bands and
time sl ot sPBUFOYCF FAPEHESIURders fer datRlsvofosr Videpad f3tan £Ade §1Y8Hen Spreadi ng

codes consmsitiplef adcas |(@-DM@ QIchiodsbS'S is RAEELLY theORBfectie dRlebNdcRBd short
channel i zati on codes. The | on ,scranb i ng codes are common 30 codes

assi gned tEeHEPIogiss AT sEPRATRS Yﬁ’i’é blgjapd highdais ratgiempraission pereigest oS atHowever

the mebi | QampR! wiebardl €DRIA m@bm)qahweedslﬁ%é stEhaRRAkibE 8t ireMyikodes whi ch
are dedi cated _codes orthogonal to each other. To support nulti-data rate
transm ssi#AY4M repReship geogest SPPPens, two spreadi ng net hods may be used,
nanely the nulti-code (MC) and orthogonal variable spreading factor (O\/SF)
met hods.

It is therefore envisaged that there is substantial business potential in the provision of
Internet services through wireless communications. In the wireless Internet domain,

20 most of the data is transferred from a base station (BS) to a mobile station (MS), thus
making downlinks the dominant traffic link in the wireless Internet domain. This
situation is also true of other data transmission applications, e.g., wireless multimedia
communications. Therefore, it is important that the performance of downlinks in
wireless communications systems, in particular CDMA-based systems, is improved.

25
In the downlinks of CDMA-based systems, all mobile stations within the same cell or
sector use the same frequency bands and time slots but different spreading codes for
data transmission. Spreading codes consist of two layers of codes, namely long
scrambling and short channelization codes. The long scrambling codes are common

30  codes assigned to all mobile stations within the same cell or sector. However, the
mobile stations are allocated unique short channelization codes which are dedicated
codes orthogonal to each other. To support multi-data rate transmissions in CDMA-
based systems, two spreading methods may be used, namely the multi-code (MC) and
orthogonal variable spreading factor (OVSF) methods.



WD 03/ 061301 PCT/ S@&3/ 00009 2 Communi cation channels allocated to the
nobi l e stations are referred to as downlink traffic channels (DTCHs),

t hr ough whiccis/detoa synbol s i ntended for the respective noldi/sGshaiwons are
conveyed. In order to establish and maintain the connections 5 between the
base stations and nobile stations, cgnmmon channels, namely a conmon pil ot

channel  ( GEldklni&fdn %h&ﬂ@ﬁgﬁo&%ﬁttB ﬁle ﬁgﬁmtloﬁ%%ne@{oeas%%hﬁé located to

each cell or sector for conveying the relevant information shared by all

the mobi | eralEe sbners (ATERRN Tefsts Wh@h dletel sygbolseiptended fondhajeseeciyarbol s
conveyed by il Qiions &l Cddvand. %Pgak@{oaﬁs%mh%”%n ir? e® @(glr]é{’:%lbﬁ%gt spreadi ng

codes into data- earing 10 'spread sign en sync ronou i pl exed,
and fi nal IlgﬂtheaﬁlsererS@ gationsrand ghobilh etatiensneonphyrs tleahelsredingin aagpnemarr ansni t t ed

proadi ng Mo kbad SR b RS AR Snarb RO PEHINA AR MokaPBl" SN0 b
i s mai nt ai qaeld celll &r ﬂ'eh@tréomvﬂengrﬂmwelmdnt mftnsaaaoﬂl elsarglion ahshdmiobiti ngs and
hills si t us%:}tﬁgs Qv?‘h‘ﬁeﬁ‘ln ﬁtgf%%ece&ec}ra%:lct%p S ”I%e da Ilsgcoszn{v%%I ObrVaPéf&gIﬁa W rel ess

channel erefore we as a w c?e JERs uncorrel at ed
scatteri ngCEMHSdﬂB)C@P@im e ortHogoImllga's‘Méad Mg‘dpreaktmgrcadmnmssiawbesm@ em a
rives, at a.nobj i ever al

trans ted signal I et he t

time- (Té(f ayBEd g}%?lf’t tﬁ}alé S%gﬁogﬁls@’amuhlﬁﬁe e‘% ?ﬁ‘gmlﬁX g’ﬁ‘? l{tet rc?igbrs'll?sﬁ whi ch 20
travel al csagepuldicap hedpat hsa Itrﬁni‘rhﬁed\l\dlg‘rﬁl EBﬁmﬁhlaﬂllﬁBfate Rarfshidbiongald ver
resolves th nmuj.ti.pat h 'reles c(ggoe |nt ver al gﬁéﬁm\%wh convey
these mul t9'PQeHaEpgiTHTSEn ¢ rf‘BWﬁ 15 Coags &1 ‘ivhé‘n d&@lréﬂ? are .

mul ti pl es OPICH sspCepdBisgaltaigdd. p i nterval T., and each ray is subject to
statistically independent Rayleigh fading. The resolved ray with tine

delay c represents a group of multipath signals with tine delays over an 25

intervad [THere mdy bé nny Zall dbstavlos sédh as! BuiliASY &nd il @ﬁ%té@ﬂ%t&&ﬁ@ayee‘j ray, a
frequency non- sel ective fading channel is observed. However, if there is

nor e t han SAieny eyt welile gtion, tan%a\mlwéq%gl@neﬂaﬁ thereforg veedll medpled #rdequency
sel ective fadifge Cslf‘eﬁi'aﬂﬁ'g udcbrrbiB@d V\écat?énﬁgs W%sﬂgst')e bhdnfell T @HUSNENMA,

non- sel ectlve data s ol s my be recovere 30 the no e station
using a coleveliek @mmlﬁ@gﬁym@rtrwmﬁf@@uslgmiymvm P webile siaﬁlpetdgeﬂl@nce

rovever, ayifl LRbSPAmENBANG] oPliREAGKIA TR LPAUSNGMBE) Sihd hidecause of
t he Iarge time dispersion’ or ference en t |path signal s
arrivi ay a:(avpl}ﬂong)mll]tlple paths in the wireless channel. A CDMA receiver resolves the

multipath wireless channel into several paths which convey these multipath signals

known as rays, the time delays of which are multiples of a spread signal chip interval

T,, and each ray is subject to statistically independent Rayleigh fading. The resolved

ray with time delay 7 represents a group of multipath signals with time delays over an

25 interval [¢r—7,/2,7+T,/2]. If there is only one resolved ray, a frequency non-

selective fading channel is observed. However, if there is more than one resolved ray,

the wireless channel is called a frequency selective fading channel.

If the wireless channel is frequency non-selective, data symbols may be recovered at
30  the mobile station using a conventional despreader without any intra-cell interference.
However, a wireless channel is practically frequency selective because of the large
time dispersion or time difference between the multipath signals arriving at the mobile

station. A conventional CDMA receiver in a mobile station employs a Rake combiner



station. A conventional CDVA receiver in a nobile station enploys a Rake
conbi ner WO 03/061301 PCT/ SG03/00009 3 to coherently conbine the despread
out put s fwane3aki3onesol ved rays determined by a path sear d@arsGosieneby
recovering the transmtted signal. 5 A Rake receiver provides for path
diversity and captures all resolved gays. However, there are two kinds of

i nterferenge caasaflyateduitk t thed BRI tY Eoml AT rSEWE 1299 \WBkiniiked
transm ssi on, nane K inter-finger interference (IFl) and multiple access

i nt er f er erfoe Ratngeyrchesofherelsf reggyicang e &rapimittedsignab fr equency sel ectivity of
the wireless channel. The capacity of a CDVA systemw th Rake receivers is
limted by IFI and 10 MAI. In order to inprove the performance of CDVA
downl i rik tAémmegsierromwor radediversifysandneaptugss @Hirwelw@rayguﬁweg@i on of |Fl
and MAl gea%’%é MRENoA ih?er%‘?én@é/ ass%?ﬁ{éﬂr@tﬁ)’a RSke % GFer ArlEBRYENCY
selectlve ading c Rannel transtorned 1 n 5 requency

non- sel ectdovalifiladiangnisdicm nmmeb'hnmngimgahmm@keneq LQH]I) zit imoniipld legees or e,

equal i zati.Q ecei fective recelv Q ihg data
ymbol o by HEEi% (BDRe PSR dF | RERLRGEL KLl B of BEQIEID <

suppr essi mjpamn hTheFtapamty dyAl CDMEI Sisteth wiﬂoMkearebdlmklsdnmgadam 16T amd

convent qg equal i zation receiver 100 in a nobile 20 station for CDVA
dowmlln t Qﬁsnission. The conventional equalization receiver 100 includes
a cell searcher 102, a code generator 104, a path searcher 106, a

despreader_ 110, an equal.izer .10 8, i ect.or, n the
equal i zat i BnOFEC | \fﬁl?rg‘ﬁ)gle PRI ‘gfggpg/ﬁgr Enlf S‘@B?W@%% CDVA 25
downl i nk  sisedivig that }Elﬁﬂﬂwdrtsﬁﬂprédsﬂiﬂ&lf BN EhEMATIGRE h@IRDNWHE thaydaySi ng
mul tiple antennas _that pay errpi) oversanplin and retrieves therefrom

| ong scr anBiReRPR & dues ar%?ﬂ&?lmgse egtive foding chmnekpay be jmangiprmen ipigea

equal i zat li?é@luélﬁ:?eﬁdﬁesrele&t@@ 24551 gaé}ﬁﬁnel anQugtt RhaLEBEdARzatichat TiRgbe, cel | and
frame synchroni zati on. The code generator 104 using. the |ong scranbl i ng

codes r et ridEyliFation reetiEer depn eeaive FEMA ggeivge e ratoreing EEmBIRIS Bh 30 of
I 'ong scr anblihig BOGIRBGMliHTaN SR Q&SQ Reles i OQUS veh IBPLRAadANg codes

relating to the comobn channel s CPI CCPCH and t Re correspondi ng DTCH
required by the equalizer 108. The path searcher 106 then provides the

ti me del ade[@ar %@%ﬁﬁ PIOQII d1a%r§r‘gg)g§|coﬁv%¥ﬁon% Ec{ﬁaﬁﬁﬁ&?ﬁa‘:ei@&cﬁb YedmBoers by

using the data sy I nt for
20  station for CDMA downlink transmission. The conventional equalization receiver 100

includes a cell searcher 102, a code generator 104, a path searcher 106, a despreader

110, an equalizer 108, and a signal detector 112.

In the equalization receiver 100, the cell searcher 102 receives from a CDMA
25  downlink system a transmitted signal and any corresponding rays using multiple
antennas that may employ oversampling, and retrieves therefrom long scrambling
codes relating to a cell or sector in which the equalization receiver 100 operates, and
information relating to cell and frame synchronization. The code generator 104 using
the long scrambling codes retrieved by the cell searcher 102, generates a combination
30  of long scrambling and short channelization codes known as spreading codes relating
to the common channels CPICH, CCPCH and the corresponding DTCH required by
the equalizer 108. The path searcher 106 then provides the time delay parameters of

several rays with largest received powers by using the data symbols intended for the



WD 03/ 061301 PCT/ S&3/00009 4 CPICH, which is known to the equalization
receiver 100, the long scranbling and short channelization codes, and the
recei ved wiopsales3015 The equal i zer 108 is described in greacrsaawaiob w th
reference to FIG 2, where there are M physical channels obtained using
mul tiple receiver antennas that may gnploy oversanpling, each of which is
defi ned asc@csubohiganels t kidwd N&) UBRSeq@akizalORr rédeRiet € 100, MPHHE SQofgeSpONse
(FIR) hj (n) with maxi num delay relating to L nunber of taps. For exanple,
M = 4 physreablipgahbrg chapelyationqedesy al the receivest signalsei ver ant ennas wi t hout
10 over-sanpling, or via two receiver antennas, each of which enpl oys
2-times over- sanpling. In the equalizer 108, there are Mlinear FIR
filters 20the egpalizep 108 i dederibaship axpgtsn deteid With refereptoytoifd@l 2cwhmedierani t h
response : . e ved. I [ via a
physi cal ?ﬁ%%)ngll}%&il @Bﬁfé@glil%&q?sﬁ%o&gﬁ?%ﬁg%%g%glélr]\%as Eﬁ}%‘@?ﬁm r 202 of

| engt h G taversathylings eabhcdfnghich fsidefingd asgp eubchamnelzihétnipcludessi Gpread finitenbi ner 204

th th t put h, FIR filt 202, i lizati
Lhen SuTs ARGLOULRML, JHEPT GRS L b ety 202, SEDSLALLIG 0 equall ol on
coefficient bie Sty - ﬁpﬁﬂféaﬁ&uﬁt{eﬁszrﬁiy t;eoa%hiﬁﬁvni? 20619 péc@fv&eaqltenjlé%rwi%ﬁml e, by

m nim zing the difference, using the m nean- squar e- error ( MVSE)
met hod10 betveesamplihg @qualtive atdetysr ani¢rpas, ea¢hl of wairl aalleppedtimesaoveant of t he
received sjgn X(n - u) , where uis known as a reference timng. The
pat h searcher 6 provides such a reference timng required by the

equal irzer 108 during operation. 25 The despreader 110 then despreads the

out put of _the equalizer 108 usin r in codes allocated to the
mob e ot dbisioRe BRGNER rBrs I RERH £ R BERES fout put of

t he despreader 110 ta synbals intended for the nmobile.statiaon..In a
conventi or@?méaé ﬁ%efnln% a‘?’ﬁ%ﬁéé %13%?’!(7('3?', ej?ﬁrén‘gl:?qimft]lo?’tae?ec?lgﬁiegs(‘%lagref%w%dhosen to be
greate : yal - : rgy from
a1 tans 1o AL B 1 B R R I e S B O ape
t her ef or e theselyyppdigingyr fdivosgputpe zjve. Actjgrl comabindte04 tiso lvemnthk ohtpnigt h L. Taps
are sanpl u p i t i . j e r a

cont nuoue sy ShAFR ARG SR ARy R hut SRS, bught B B0 DA AP o

03/ 061301 PREEIBRIB/ MOQIRSpreader 110. Equalizer coefficients used in the equalizer 108

may be obtained, for example, by minimizing the difference, using the minimum

20  mean-square-error (MMSE) method, between the equalization output z(r) and delayed
variant of the received signal, x(n—u), where u is known as a reference timing. The

path searcher 106 provides such a reference timing required by the equalizer 108

during operation.

25  The despreader 110 then despreads the output of the equalizer 108 using the spreading
codes allocated to the mobile station. The signal detector 112 then recovers from the

output of the despreader 110 data symbols intended for the mobile station.

In a conventional equalization receiver, the FIR filter length G is chosen to be greater
30  than or equal to the subchannel length L, so that energy from all taps in the respective
subchannel may be captured. The number of taps therefore is typically chosen to be
equal to the subchannel length L. Taps are sampled outputs corresponding to different

time delays from a continuous signal measured against units of time delays sampled at



5 a sanpling frequency, for exanple at chip rate sanpling frequency, where

the continuous signal represents the channel response of the wreless

channel batowsaxilohe base station and nobile station. Onl yca/simghm9

equalizer is required when Gis chosen 5 in this way, and the m ni mum total
nunber of equalizer coefficients rquired for the operation of the

equal i zer } NuhBenC oYL, 0RR! et b ali %erﬁﬁﬁniﬂgrﬁaqﬁe%, Wil Clle | S deered

very large for a wreless communi cations system Typical % In a

convent i ongntiBys igeal reryesenia dhei chapneliesponge ¢izhegwirplgsrdipnnst betapen the1oi se i s
10 increas C r 1 SE; ] 4 I

Dl ement el ey g R e dafob STy e (R Riat R iRa RALEC K Shoskle)

al gori thm inghisyyse, afd thel aprimpen totdl gumberiofeqiadizeraoefigiensbbguited fort the

acquisitio : [ - i .Cl L ypi-cally .l ong

convergench%%ﬁg%?eEﬁ%ﬁ%%&?gIg%cOﬁgﬁﬁgﬁggggiﬁﬁgké%%§§¥%%@%i%égéﬁ?ive

al gor i t hnedesinied ey targd foea svirsleey conmomicstigssggert.i ne, such as the recursive

| east square 15 (RLS) algorithm are considered too conplex for
applications with a | arge nunber of taps. If the adaptive algorithm

di ver ges, Typimtinwes gesestional gqualidatiorsreckife indihl at latge nambéredfeaps] fvgsedsIppr essi on
of IFIlgnd.Nﬁl, mh&ch i S an in@prtant oﬁ;e tive. of .an e@uali%ation

recei val. BHoHREARI CQVPRREPes BPRCTRF atie Yhep e sdaligy IEHURCHSHRT FHRE r ecei ver s

]Ehat supprmﬁﬁdealgcfrhhins.mhs leaxthgla aqt&deUlMS{IEI(ngﬂiﬂriﬁﬂ; aStlyp¢l of ug%ﬁv@nd apply a
ast conver.gence al gori.t or addr.essi the foregoin robl eps. Sunmmary
25 In acco‘?lg‘ﬁ W“?’hsﬁmp{pr t thgasasitig o ali‘%'??/é?ﬁfﬁ%ﬁ?ts gﬁ'}é}‘? (?fstﬂ%escri bed
her ei naf t efypidalBoidgy céliveiggh@ntimaidldtink @ ALEOS LGOI TonveRR], YiptilOr
providing wirel ess comunication via a Wwreless channel between a base
station arfiSHBbIPIEh VRIVEGHhPT) COiCERRNIeHENS, Sicdi af diie TesursivespE fa¥ted. The

recei vey Cc@IS) ke6Stha, RleWoddilldryd Bb SHPRRINNBhENDE! SR o eAE nuRRRYLYS at
| east one signhal received fromthe base station, and a cell searcher for 30

recei vi ng @pyrahs aieptivelspritimdivergesorr conpemly ihidlifiselt teaghiste t her ef rom
a common  Gedgyk&lish bPIFIt MdAMAE! Which Rean’ BEBHUROLRLER SOMPEEEAG, code

generator for generating a set of common and dedi cated codes relating to
at | east Of€1ESmuni cati on channel using the output of the cell searcher,
and a plurality of equalizers for receiving the code generator output and

equalizing the received signals in the plurality of
20 There is therefore clearly a need for CDMA downlink receivers that suppress IFI and

MALI, employ a simple receiver structure, and apply a fast convergence algorithm for

addressing the foregoing problems.

Summary

25 In accordance with a first aspect of the invention, there is described hereinafter a code
division multiple access downlink receiver for providing wireless communication via a
wireless channel between a base station and a mobile station in which the receiver is
implemented. The receiver comprises a plurality of subchannels whereof each
conveys at least one signal received from the base station, and a cell searcher for

30  receiving signals in the plurality of subchannels and retrieving therefrom a common
code relating to a cell. The receiver also comprises a code generator for generating a
set of common and dedicated codes relating to at least one communication channel
using the output of the cell searcher, and a plurality of equalizers for receiving the

code generator output and equalizing the received signals in the plurality of



WO 03/ 061301 PCT/ S&3/00009 6 subchannels, wherein each of the plurality
of equalizers includes a plurality of filters wherein each of the

pl ural i t ywarosfocidoer s corresponds to each of the plurality rfr/saabedvannel s,
wherein the Il ength of each of the plurality of filters is |lesser than the

5 length of each of the plurality of .subchannels. In accordance with a
second asp@thagheld, NGyhBULNteb@D, of NHLphRLALSCEJubRArNBERRAS gﬁ&aéi't)p a code
division nultiple access downlink receiver, a nmethod for providi'ng wreless
communi cat fdHtets wehezeinipach|of she rivralifoff fiers pereaspendp éseack phthephuralitgof nobi | e

station i Nublhaphie Q‘g{eﬁgrf BRCIEh £or bin! JRhEBRANEAor A FPI0Q0 afQTRL T Ses the

steps of providing urali u ereof each conveys at

| east ohe leigihaf cacleelthe plyrafifyorhisubrbantslsse st ation, and receiving using a
cell searcher signals in the plurality of subchannels and retrieving
therefroma common code relating to a cell. The nethod al so conprise's the
steps of dJermesadanpgwilk irnepoad espdet of drenanton, thesels dederibahimpeinaiedindtedi cat ed

d 15 rel.ati i cat i h | . uSi h t put of
he el | <48 0o Sl S8 ENGUARTRANESE sl PoaRedBh Vel vimg t he

t he cell searéL
code gener@nonmuniatiputia aneirelesy khinnzl etjvdech @ tagcaationchng iaghedils stafof be plural ity
of subchannel.s.. wherein each of t lurality. of equalizers. includes a

pl ural |? y BPcR ﬁetrg“feéveﬁhsem?ﬂne@gghhﬁ}e @ﬁﬂ"@?%ﬁ%’ﬁ’% (e g?eps f’]ZPrtoﬁ’rdglgCaor r esponds
to each ofplidaktypif yulchiinglsotwheiebedan oelveys whekeot digial tengédieh teach 20 of

the pluraljity of filters.is lesser th the |l ength of each of the plurality
S ubeha T RIonEIATEoRYIRE P § Sl GHORR SISpHE G Hy BLorabiboet HeAewnsR ¢ he

invention sdgettlessy theetoferdmndhtcede MWatifl fo&f @11 TEEmbMod BBo cadpprdéaW Ngs, in
whi ch: FlI 1 is a block diagram of a conventional equalization receiver;

FIG 2 is HeRFPRcH Sragient e prosteasasagr uaitos comman aaddedicaiedcodetdul e in t he

30 conyenticRBR weAUdsi SRt dRmiRGEbY 8Ranfil ushSthelouthiltGf 1 écfl RalthQCk di agram
of an equali zation receiver having multiple short equalizers, a

synbol - | eV e8ign dyralitingf sdyslitess Sarerising dbe spdh mEpTdoR oRpPYisendenbodi ment
of the i rBgaNlAR he YR:[34 Q%ﬁ@]ﬂ Bgr}’fhﬁgﬁ)@/ CQQQQC%anneIS, wherein each of the

plurality of equalizers includes a plurality of filters wherein each of the plurality of
filters corresponds to each of the plurality of subchannels, wherein the length of each
20 of the plurality of filters is lesser than the length of each of the plurality of

subchannels.

Brief Description of the Drawings
Embodiments of the invention are described hereinafter with reference to the

25  drawings, in which:
"FIG. 1 is a block diagram of a conventional equalization receiver;

FIG. 2 is a block diagram of processing units in an equalizer module in the

30  conventional equalization receiver of FIG. 1;

FIG. 3 is a block diagram of an equalization receiver having multiple short equalizers,

a symbol-level combiner, and a path searcher according to a first embodiment of the

invention;



7 FIG 4 is a block diagramof an equalization receiver having nultiple
short equalizers and a synbol -l evel conbiner, without a path searcher,
accor di ngwoo3asimecond enbodi ment of the invention; 5 Fl GPCI/SGI3@00P ock

di agram of an equalization receiver having nultiple short equalizers, a
synbol -1 evel conbiner, and an intellkgent cluster analyzer according to a

third enbadimenis of yiflg IdMeRY | O an! Quiiofrd:sd AL Sl AGLRM Of an
equal i zation receiver having nulti plne ort equalizers;, a chip-1level
conbi ner, egndlizarspandha sembeltevel sembingi, rigjthoot a fatusdatvhenbioctirdiegtto of t he

i nventi Onisegcln@em%oﬁi?]eﬁt &ltl%%i%e%@lgr am of an equal i zation receiver having

mul tiple short equallzers and a chip-level conbiner, without a path
searchéer, according to a fifth enbodinent of the invention; FIG 8 is a

bl ock dia f I ion r. i ver. havin ltiple short equalizers,
2 chi pe1 ol 8 SR ERNTl ER Sl ARED KEE IR PR ey o8 Spaing 1o a
si xth 20 eespogilient cahbitdre andwenttelbigent Fdlster Malyser aacbbromls tdi agrigim of an

equal i zer receive nfiguration having multiple short equalizers
TGl Py

accor di ng 10 a seventh ems8di ment of the invention; 25 FIG 9B is a bl ock

di agram of an equalizer receiver configuration having nultiple short
equal i zer ccordi.ng t.o an ei ghth.enbodi nent of the invention, FIG 10

Tl ust Mot d40 R & aﬁ‘z&a@&&%mﬁw? Giplzatien reegtverihaype multipls shoptagyalizgidel i n
accor dance: chip-teRelt dognbidegrall aSRECicatchdbolcdi@ing ESMfortogasitent 30 thel G 11
illustrates the power-delay profile for a typical urban (TU) nodel in
accor dancé™#H%t he GSM proposal s; and WD 03/ 061301 PCT/ SG03/ 00009 8 FI G

12 illustrates the power-delay profile for an equalization test (EQ nodel

in accordance with the GSM proposals. 5 Detail ed Description
F1G. 7 1s a block diagram of an equalization receiver having multiple short equalizers

15 and a chip-level combiner, without a path searcher, according to a fifth embodiment of

the invention;

FIG. 8 is a block diagram of an equalization receiver having multiple short equalizers,
a chip-level combiner, and an intelligent cluster analyzer according to a sixth

20  embodiment of the invention;

FIG. 9A is a block diagram of an equalizer receiver configuration having multiple

short equalizers according to a seventh embodiment of the invention;

25  FIG. 9B is a block diagram of an equalizer receiver configuration having multiple

short equalizers according to an eighth embodiment of the invention;

FIG. 10 illustrates the power-delay profile for a hilly terrain (HT) model in accordance
with the Giobal Special Mobile (GSM) proposals;

30
FIG. 11 illustrates the power-delay profile for a typical urban (TU) model in

accordance with the GSM proposals; and



CDVA downl i nk receivers that suppress |IFI and MAI, enploy a sinple receiver
structure, and apply a fast convergence al gorithmfor addressing the

f or egoi ngwQpm3melems are descri bed herei nafter accordi ng t ecassadion®nt of
the invention. 10 In any CDVA downlink transm ssion systens, T, and T, are
denoted as the synmbol interval and ghip interval, respectively. The
processin i fp P short
channel i zg?l@gnm%:ogleugtrélzfsf ol po@&ddela? eér?glﬁgggﬁrgﬁgﬁﬁ%?&%gﬁg@z% sector,
t hen ther ema?C@fC{aRHeZ‘)’lﬂtﬁaﬁi{ﬁMBmpmlsudl ng N dedi cated channel s DTCHs and two
common channel s CPI CH and CCPCH, each of -which shares the 15 sane |ong
scranbl i ng- code but is allocated a unique short channelization code. Let
s,, (k)3 arﬂetsiledl@%yribféomodul at ed synbol -I evel data synbols, or data synbols

enbedded inp %‘,a Q%D S a ol s gconvey the
informati on to %_g t}fal?%ﬁpgjgés gndt ;lcg‘ﬁlé%vn\i f}ﬁ' %ﬁ% SARE cel | or
sect or. Theruclatea a2d zspplybel @stss:or(vklger&ndalgqrjthr(lkljor caddresgsgpelnd ifaredojngspr ead by

t he sprea ( . (n or.r es |n to CPI CH and CCPCH,
respect i vﬁﬂrmelﬁgggrﬁ% Qed h%%ema re%/c% rdlgégc}e% Odlsrflegnﬁgf]sek %M and x., (n) the

val ues of V\/mch are, for nOl ., as follows: XP(k G+n) 3~ (kj;

EJ, ? ,0 (1 io (al_}(};;ﬁéMA cﬁown?m]( %ﬁngnﬂgs}o né))\gtems ( %an& nT 51re -deg?t,ec,l ,as (}19 P(,il, ,Gbien![ ?16, 25
nodul at ed 1isltegfnfjimr211 ch?e nte aatl respen% Igdﬁ(sd)lg %am P8| t]%:\/BTéﬁl thf'ﬁese dat s

synbol s conyew &B%f'o@tﬁ@%dﬁ@lt ) cham@lezah&am t freg nio%ﬂ& Btiddshard$hdobI | €
station. The data synb are sgrea by spreadi ng code WO 03/ 061301

PCT/ SQ03/ Gowegell or @ect?rn)the@othwém A2 g prebHiadlnding DT dedicaipdndiennelsng a

chi p-1evel m I S = 0,1,
as' ?m | \émDﬁmé[ﬁf%ili( a»cge@}h §sn cﬁgﬁzls(cﬁ@ﬁna}aa G@Péﬁ %@(en%? v@ﬁ@, h%f%% )tl{(;é o ik

and n, 1= game long@:namhzlmgmée blpirl%dH)C@?(bmml@uebeprt @Mn@hza@@n@db and DTCHs are
then summed up for generating the transmtted signal x(n) , which is given
by: N1 10 X(n) | X, (n) + x'P (71) + X" (11) 1=0

Let s,(k)and s,(k) be modulated symbol-level data symbols, or data symbols

embedded in CPICH and CCPCH, respectively. These data symbols convey the
information to be shared by all mobile stations within the same cell or sector. The data

20 symbols s, (k) ands, (k) are respectively spread by the spreading codes c,(n) and
¢ (n) corresponding to CPICH and CCPCH, respectively, generating chip-level spread

signals x_,(n) and x,(n) the values of which are, for n=0,1,..., as follows:

x, (kG +n)= Ecp (kismy), Ecp (kjsm) = Sep (k])ccp (n), k, =0,,...,and n, =0,..,G 1.
25
%, (6 G+n)=%,(k;n), X (k;n)=s,(k)ec.(n), k, =0,,...,and n, =0,..,G—1.

Let s,(k) (I=0,1,..N—1)be the modulated symbol-level data symbols embedded in

an /th DTCH. These data symbols convey the information to be transmitted to the /th
30  mobile station. The data symbolss, (k) are spread by spreading code



There may be many tall obstacles such as buildings and hills situated

bet ween base stations and a nobile station, and a wirel ess channel is

t her ef or ewged3losmodel ed as a W de-sense stationary uncorr @carssh3gea@dt eri ng
(WBSUS) channel. In a CDVA 15 downlink transm ssion system a transmtted
signal arrives at a nobile station t gether wi th several tine-del ayed,

anpl i tude n n | al ong

mul tiple pgﬁﬁ |ﬁﬁgteﬂ%;feﬁésgpgﬁgﬁﬁeggk%&ﬁgqua |§§%%%%ﬁ$% g?€§§’in t he
nmobi | e st ahé 0dlud sSalioiese,t fbe i [ patibliows el ess channel into several paths
whi ch convey these multipath signals known as rays, the tine del ays of

whi ch are nultiples of a 20 spread signal chip interval T., and each ray is
subj ects to, gt i d y ei f adi na. o Th resolved ray
with time d ayiﬁ)t gﬁesen?gﬁﬂhﬁrggp)é$ huqt?gafﬁ ds‘rgnal’?v\nth ti me del ays
over an interval [-r - T, / 2,,r + T, / 21. In the equalization receiver,
the i npul se response for the kth subchannel may be 25 represented in the
conpl ex fofls sReadpsignaly, oy CPICH,) CEPEH pnd DYCHS @rp. then' upnmgd( 2y forn?=0 wher e
E-k,, (t) %%Hgat%mé%etransﬁﬁt%dtsr%ﬂalpﬁ;zﬁ A 3y bi.me del ay, respectively, of
the nAh path in which (5(x) is the corresponding to
the kth subchannel with IMsO 30 delta function, and B is the nunber of

resol ved rays. ,2\O 03/061301 PCT/SGDS/OOOOQ 10 The tine delay -r knthanges
reIatluelyﬂstQ%xMMyﬂg(hpexp@gh gain 'rk,. changes much ?ster dependi ng
on changes in tHe wireless conmuni cati ons environment, including 5
novenent of the nobile station. Further, since the subchannels are obtai ned
t hrough oversanpling or multiple recei ver antennas the separation of which
i's much srEelemay bbhanny el ﬁﬁsﬁabﬁﬁl@ﬁ:hlmtbmﬂﬁﬂgé hel hids et bedweentdsd he nobil e
station, all. subchannels tend e sane set of ti del araneters
7071t %% he YAaRmaH § BORUn s Toend bVl FERIS teror ik BB an

obser vat i ofidpeéis® biatiohdy @xafEIhed MRGitrinBE(VBSUS 'E:llﬂﬁﬁelt hendi S@Dme

chi p- IeveI wi rel ess channel response is: _h, n) hk, (n/ T,)
downlink transmission system, a transmitted signal arrives at a mobile station together
with several time-delayed, amplitude-scaled variants of the transmitted signal which
travel along multiple paths in the wireless channel. An equalization receiver in the
mobile station resolves the multipath wireless channel into several paths which convey
these multipath signals known as rays, the time delays of which are multiples of a

20  spread signal chip interval T, and each ray is subject to statistically independent

Rayleigh fading. The resolved ray with time delay 7 represents a group of multipath

signals with time delays over an interval [z —T,/2,7+7T,/2].

In the equalization receiver, the impulse response for the kth subchannel may be

25 represented in the complex form as:

h(t0) =Y @, (05 —7,,) @

m=0

where &, , () and 7, are the path gain and time delay, respectively, of the mth path

corresponding to the th subchannel with ZZ:)EM&M (t)|2J=1 in which &(x) is the

30  delta function, and B is the number of resolved rays.



15 for n =0,1, - - -, L - 1, where L is the subehannel |ength represented
by the maxi mum integer smaller than rB/ T, in which -cBis the tine

di fferencedostosesen the first and | ast resolved rays arri \BamgsGus/obdee nobil e
station. A noiseless received signal at the equalization receiver is
expressed as the convolution of the tpansmtted signal with the discrete
W rel ess channel responses. Thus the'received signal at the kth subchannel
is: 20 L-1 YKk (n) E hk (1)x(n - 1) + wk (n) (3) 1=0 where wk(n) is the
addi tive vibliet emGdelgsirgnchaoges aelpivaB\ylowewbile thd rath gaire rkf shangebhaietnnel . 25
Wth reference to an equalizer shown in FIG 2, 9k (1) 11 =0,1, G- 1,
denot e FI Hastes depgrdipet Fhaseerindig yitelesiesogmmpiatiens %F‘P@%%‘éﬁﬁ‘il%n& o the kth
subehamnel moRRfnGo A8 loBde sthitf. fiukth&! sﬂ‘l@entﬂ& E'ut;cﬁe{nn@l@%ﬁ shehsdaangbn %0 The

filtering output corresponding to kth subehannel is gi ven by: G1l Zk

(n) E 9k* qveysympling or my tleh)recew_eo aptenes fgeseRatieCT WBagB isopodsmalley t he
overal | Cﬂ'lé'ﬂl 11(13 ﬂﬁsﬁaﬂ@e Qéf&/&'ﬂtthdhe se stfclfion Jﬁﬁjthe%&blé(szaa)n allzslﬁb((}mme‘l's tlen 9k* (1) Yk

(n - 1) (5) re are two inportant ‘issues regarding the
equal i zat i tohayesemiewerod fimeadpley parhwetetso  obt ai n t he equal i zer coefficients
and how to select the filter length G The equalizer coefficients 9k (1)
may be 'obtained, for exanple, by mnimzing the 10 difference, using the
m ni nui nefétheschanmed resporses (IMRESE)bchatnhis die bmsmmver e obsswetiad peregual i zat i on

output, z (f%) exaglrf)iie gl%lu%%es?ot,vtﬁgnsthg &sc%te tcllﬁg lé[Vre 1re ess cﬁannsl rgsponSe 18:
hi(n) = h(n/T,)

15 for n=0,1,---,L—1, where L is the subchannel length represented by the maximum
integer smaller than 7, /T, in which 73 is the time difference between the first and last

resolved rays arriving at the mobile station. A noiseless received signal at the
equalization receiver is expressed as the convolution of the transmitted signal with the

discrete wireless channel responses. Thus the received signal at the kth subchannel is:

20
L-1

yi(n) = ; B (Dx(n—1)+w, (n) 3)
where w,(n) is the additive white Gaussian noise (AWGN) received at the kth
subchannel.

25
With reference to an equalizer shown in FIG. 2, g,(/), /=0,,---,G -1, denote FIR
filter coefficients for the equalizer corresponding to the k% subchannel, and G denotes
the filter length for each subchannel. The filtering output corresponding to kth
subchannel is given by:

30

G-l
AOEDW-MOSACET) (4)

=0



x(n - u), where uis called the reference timng or |lag of the reference
signal x(n). To obtain the MVSE-based equalizer coefficients, different
criteria wayosmeiwsed for 15 different CDVA downli nk tran®dssiosn0009
conditions, such as the M-n-max nethod, pilot channel equalization

met hod, and any other filtering nmeth known to those skilled in the art.

The Mni - I\@}mﬁee&)gfgncbggaﬂzgﬁdﬂ%ﬁgtgn the principle that, with perfect
zero-forcing (ZF) 20 equalization, despreading using the spreadi ng code of

the nobile station recovers the data synbols intended for the nobile
station, whilethe resulst; of despreadi ng using any unused spreadi ng codes
in the sane(npel) zpin) seEtOk, (I, 0utl). Therefore, this techngyue nininizes
the total power=of despread outputs based on the unused spreadi ng codes,
and maxj m zes the power of the despread output based on the spreading code
of the 25 nobile station. Alternatively, an adaptive synbol equalizer that
appl i es t hihepsi dottwe Hupertdnt éaguealregrading the ayptlivatorhmseibeg mapelyplosedy whi ch
applies t i R / = S0 -err E)...criterion and uses the data
synbol s i nkb%tta{%mgo 12&%&3%%3@5 W@ggg‘l’\@e %Feéilegg% signal. The adaptive
synbol equalizer updates equalizer coefficients by mnimzing the

di fference.bet ween t he,.equali,zation oytputs _and the data synbols in the
ORI Ot - accRPdHETE PrEoRmEE Germsde Yy %) PRl Ry "pHZRE dgnal

i ntendgd f i 1 oef fi&j 03/

N Bﬁ%ﬁég é{r}ﬂ%“%hg‘ée%?g@‘é‘%p%‘{re@ﬁ%ﬁf ISR St |

requi red tavemallt epmaligstion outpuhrbatr), oid udetayedwvesoef bf dhce risniigedgsigadler t han or

| tot £ || behannel , i.e., 5 Mo~ L+G |
(o or 10t Pk i A5 o bt e B EEO RGO St 34 on et ver,

the FIRfilter length G> L is chosen so that perfect ZF equalization is

achi eved d the ener romall taps_of the subchannels may be captured
si mul t aned ¥R e %&%%L?Sﬁ‘b eqgatiff cogifigients.Effergat, catqriadpanprepsed for

15 different CDMA downlink transmission conditions, such as the Min-max method, pilot
channel equalization method, and any other filtering method known to those skilled in
the art.

The Mini-Max technique is based on the principle that, with perfect zero-forcing (ZF)
20  equalization, despreading using the spreading code of the mobile station recovers the
data symbols intended for the mobile station, while the result of despreading using any
unused spreading codes in the same cell or sector is null. Therefore, this technique
minimizes the total power of despread outputs based on the unused spreading codes,
and maximizes the power of the despread output based on the spreading code of the

25  mobile station.

Alternatively, an adaptive symbol equalizer that applies the pilot channel equalization
method has been proposed, which applies the minimum mean-square-error (MMSE)
criterion and uses the data symbols in the common channel CPICH as a reference

30  signal. The adaptive symbol equalizer updates equalizer coefficients by minimizing
the difference between the equalization outputs and the data symbols in the CPICH
according to the MMSE method, and equalizes the spread signal intended for the
DTCH using the same coefficients.



15 response relating to L taps is equalized, and thus the m ni mum equalizer
length is M.. For a wireless channel, the maxi num access del ay may be as

hi gh as 5W0RB/6wich corresponds to L = 192 for a CDVA da®@1/SGus/00009

transm ssion systemwith a chip rate of 3.84 Mps. If the nunber of

physi cal channels is M= 4, then desirl]gni ng an FIR equalizer with a m ni num
equal i zer menghly My = 2f8el apseebs RNSIHREAD, O is"BQLNR. Bar2f 9€tgp | ex
receiver structure. Also, any equallization recéeiver Wth Such ar ge number
of taps iH®el elkunkspwe coaifisiensis sagattr diomos ege tetho moisbens tepserd therpl enent ed
W th ada%hmge@g&gﬁn&gnpe The LMS algorithmis not suitable for the

acqui sition of equalizet coefficients because 25 of the typically |ong
convergence tinme relating to such an algorithm Conversely, adaptive

al gorithns whj gLi n gllve a short convergence tine, such a(g the RLS

al gorithm are considered too conplex for applications w h a | arge nunber
of taps. Since only a single conventional equalizer is used, path
diversity is not achieved. Mreover, the performance of the conventional
equal i zatioon recei ver depends on the 30 timng (lag), u, of the reference
signal selected fromthe period between the first and |ast arriving rays.
WO 03/ 061301 PCT/ SG03/ 00009 13 It is proposed herein that perfect ZF
equal i zati on b hieved as long as equation (7) is satisfied. It is
al so p@oposeﬁ%@a?ﬁﬁﬁﬁ)a shorter FIRfilter length, the ﬁ)equal i zation
receiver structure becones sinpler, and to sone extent, the adaptive 5
algorithns therein converge faster. In equalization receivers according to
enbodi mentrs t@fcohRtibmY 8q\aliSdtion td28iveTRl IFeR il 1b§gntﬁ@§%fls Whisbesodbd sfying the
conditions of equation (7). |If Gis chosen to be less than L, only part of
t he ener gyPeHpdhlasquatizagen isogchiened @dathpenergnfiomealttapt of g subthemmstsor e i n
order 10 GaRt ¥ RafthhRd RGNl BY! seikBse d %i?éx'/agg #heCotdifl) \%e{fgélgfsst he

channel, thé equali zation recervers according bodi ment s

i nvent 15on restensqdelating toilppes ik eqpatiesdesnddhus themaliinpmregualizer leigtl is Mual i zer s
known henrgi nafit a 'ﬂﬁ# r ing. .Each short
equal i zer has 1(;:?%]%? (Cal?a{é}ﬂ%l’ %hlg%ﬂgr% 0 aécggse%g c@%?ﬂ%%ﬁ?ggﬁéwﬁ r l?’sh i

i ndependenbirgspbiidsne Eactp2abheCDMI ow iR ianSissidiesyse@RHitH £&hif A ¢ower s from

each equal3i.8§lel(/llcl§s. OTtI Blléltnsu’mb%rhgfs pl%rsggli ccﬂalqgels:[ pseM g i4\,/%{e?1| c%e)s/iggi?llg r;h FIR
equalizer with a minimum equalizer length ML = 768 taps is considered to involve a

20 complex receiver structure. Also, any equalization receiver with such large number of

taps inherits noise increase and convergence problems when implemented with

adaptive algorithms.

The LMS algorithm is not suitable for the acquisition of equalizer coefficients because
25 of the typically long convergence time relating to such an algorithm. Conversely,
adaptive algorithms which involve a short convergence time, such as the RLS
algorithm, are considered too complex for applications with a large number of taps.
Since only a single conventional equalizer is used, path diversity is not achieved.
Moreover, the performance of the conventional equalization receiver depends on the
30 timing (lag), u, of the reference signal selected from the period between the first and

last arriving rays.



15 FIG 3 is a block diagram of an equalization receiver 300 in a nobile
station according to a first enbodi nent of the invention. The equalization
recei ver @@sioacioudes a cell searcher 302, a code gener atrrT/SD3/,00@9pat h
searcher 306, C nultiple short equalizers (SEs) 308, Cnultiple
time-alignnment and despreader nodul es,(TADs) 3 10, a synbol 20 |evel

conmbi ner 3} leftRalih f : I .char ath
sear cher Solglﬁg%&@dc%r?%:ﬁ? itg#.:ﬁ%%gpg& a}l&éﬁ%@(ﬁﬁ%@%&%%@%@%ﬁ(ﬂa sﬁg%ge?s\?e i nput
from nul t i §siationdA} isrsatstied.hdt is wisp peepobadythaweithsapipirien§IR fiter lewgtt, teear cher 302

processes I h8ihMRUlece; j g ﬁgd Vi [Waloll .he code
gener at or %]041 aﬁgl peg%fﬁ&g%éfrc %‘ﬁeg?&%g’%g ¥ e’ 8’8%80 S%ﬁ%regtegtr ttl?'leoél‘%B%r“(')ecesses t he
i nput , ‘Sandalgaithresm thereino emesstged fagted. pr by iedesliz2on npedivetsd dchedipgt tb sear cher
306, C mult]j | t.Lple. TADs 310. The. th generator 306
processes élalllﬂf&hflilnegﬁt% z %ﬁ%ﬁ%ﬁgn’ (q:%: %ea:l:l? Eg ARdpt g\%ﬁ%se%sﬁﬁlﬁﬁﬁe ?08911%3%5 C

mul ti pl e SEq@Q8n §Hd IOGTuthosgl © bEAES t13ih A, o tphrt @F theiengidy Sromt diletas mul ti pl e

SEs 308 perfo ocessin ar.e connected and provide inputs to the
cor r espondi Srtl%e %Q%rgh{ﬂn? 1p ‘éap%i,&fﬁ n]gwieé?re %?fa?{ % ﬁ@)ﬁ”rﬁ% Briey &F‘Pﬁl?g]gtal?sor

pr ocessi ngelatimgtoghe wirolesedhamet], ahe eRAliariow iedeives pedosdih® td figbsaandtsner 311.

The conbi ner, 311 processes all, nputs fromthe C |tipl.e TADs 3 10, and
i's con‘r@ctogéhealﬁﬁe 1%\1}}0231215 n?‘ﬁtﬂ}[d? ialg'dJJePWgelgie ‘f?gﬂfzer&e‘%rég‘?% ! Elﬁe.rs Yhe

equal i zat itereit@eeiaiéra clfbindrh@r cebskqreapb&Eing02E4ch CRbM aguillzema CDOVA

downlink transm ssion.systema transmtted signal and the correspondi ng
rays usi ng‘{1 W 3Be 9b %@Fthﬁgl; G?fgﬁ@rks fodeperdentlyl trom|cacth pbeIn Nk t hat may

enpl oy ovekbsibifpt heg captings fetpolveaFont bRk e QRguts Ghanhbiilids ardes
relating tg a.cel] or sector in which the equalization receiver 300
oper at es, QAHEFY#Brnation relating to cell and frame synchronization. In
particid ar, 5 paraneters relating to franme synchronization, for exanple,
the tine del agl_ for the first resolved ray, ro, are retrieved. TTie code
gener at or 13943 i§<iYerkidipgrany plpnsegpalipiionraceived dekinraanetilswtadongecomdingc el |

sear cher 302.fi:deRBb&LRA! 6 HOFRERRYL 9fte gauahigﬁﬁ)n%g{eﬁ}ép Bé@&cluﬁ%daegella nd short
g co g to the common

channel i zati on codes known as spreadin es relatin
channel s Grarchar 3% acoRCideramdon Hid, e prthespord 306 Cediligdt erctymalivets 10 DTCH

o0 £ 8 S, SRS B BRSO Lo
20  level combiner 311, and a signal detector 312. The cell searcher 302, path searcher
306, and C multiple SEs 308 are conmected to and receive input from multiple
antennas that may employ oversampling. The cell searcher 302 processes the input,
and is connected and provides inputs to the code generator 304 and path searcher 306.
The code generator 304 processes the input, and in turn is connected and provides
25  input to the path searcher 306, C multiple SEs 308, and C multiple TADs 310. The
path generator 306 processes all inputs, and is connected and provides input to the C
multiple SEs 308 and C multiple TADs 310. With all inputs, the C multiple SEs 308
perform processing, and are connected and provide inputs to the corresponding C
multiple TADs 310, which then use all inputs for processing, and are connected and
30  provide inputs to the combiner 311. The combiner 311 processes all inputs from the C

multiple TADs 310, and is connected and provides input to the signal detector 312.

In the equalization receiver 300, the cell searcher 302 receives from a CDMA

downlink transmission system a transmitted signal and the corresponding rays using



channel i zati on codes, the tinme delay z-0 for the first resolved ray, and
the received signals, provides the tine delay paraneters TO TB-1 of the
resol ved waym/oadoh | argest received powers. 15 The SEs 30&T/SSEG@Y00S08A,
SE(l1) 30813, ..., SE(C-1) 308C, are inplenented using the sane equalizer
structure as the conventional equaligzgr shown in FIG 2, or the like
equal i zat i Ré naNGflé bRehiak QBat ﬂﬁw eMfblol) %véﬁ%{ﬂ%{g, FAIB fré&Ié&‘e@ th%ﬂ:%ﬁl d. Also,
each SE 308 is ‘provided with a unique reference tim n& IS

det er ni nedoms seaebling padegaplating tor pell amesetor & whichee pave at'lé@l rqcalygr In the
kth SE 30800 3brkibs, obhdfdimtich Malih DEEn Eﬁ&m EistofithtloR) in barfour. . -~ M 1.
each of whic corresponds to eac ysi ca ann a
response Hjaramgyers relating itm@ar@@@fnalnriomﬁatlomh@r ﬁmlméhb titng delhw fqrdieaﬁrsing to a

hysi cal I a in &orresp FIL.Rfilter of length iJ
Itoh)ér eby p%Q%tﬁ}%lgr{? g §11set%trnle‘r/\égdoo nera gﬁjérugm% fhe 198e sErpblingyg ' hen
sums the QutigUbiclddosy Baehl saRntd idZeéerfeﬂ%seab%nﬂ)%ﬁ{)@Bf g dorhoal  for
further processing by a correspondl ng TAD(K) . The equal 1 zer

coeffici er?P@eSnﬁVl shpnpelizatipn pefes gl @, smwdmgnpqﬁeaurﬁlgﬂng@ dhef f er ence,
using the cmnﬂloﬂuéﬁaﬁﬁe?éqCPW%gk@@P@ﬁ dMRE) co %pg begpasn cfn?ﬁ over al |

equal i zation output of the SE( 30 308 and verS| on

t ransm t dTGH gmlred Ry the ks ﬁOWBADhéIQ eﬂ@r}@ﬁb@mh@rrﬁﬂﬁ@w@wsms ﬂ@hosenhas
the t t at the
€ ' e Qi%Jra éﬁ/ &ethg ciamrngxé ﬁﬁiel r@%c%l; 9& th;g lo%r% F\%}E%ﬁe a ﬁ ?t

equal i zer coeffl CI ent S may ta| m nrm OW ng cost
function: c\h@w@iaﬁ@iw@sﬂﬁaﬁiﬁ@)&ﬂ@%@%r th& fidst TesbllvBd rayk aBd thé fecdivdd(n x(n- UK)
19ky(n). - x(n- Wk)1l |j=01=0 which yields: 5 9k = R 1rk where R =
E[y(n) yH( ﬁ)g]ﬂa]éanﬁmi"l@%s BRyiihe ¥iglay (parametgey ]7,.10. 7k Phéhediesadred rass viith i nver si on
(DM) rretq suse({jto obtain the equalization

argest recerved powers

15
The SEs 308, SE(0) 308A, SE(1) 308B, ..., SE(C-1) 308C, are implemented using the

same equalizer structure as the conventional equalizer shown in FIG. 2, or the like

equalization architectures, but with a shorter FIR filter length G . Also, each SE 308 is
provided with a unique reference timing, which is determined by the time delay

20  parameters of the resolved rays.

In the kth SE 308, SE(k), there are M linear FIR filters gy (n), j=0,--,M -1, each
of which corresponds to each of the M physical channels with a response h,(n).

‘During operation, the received signals relating to a physical channel j passes into a
25  corresponding FIR filter of length G thereby producing a filtering output. A combiner
in the SE(k) 308 then sums the outputs from each FIR filter thereby generating a signal
for further processing by a corresponding TAD(k) 310. The equalizer coefficients may
be obtained, for example, by minimizing the difference, using the minimum mean-
square-error (MMSE) method, between the overall equalization output of the SE(k)

30 308 and delayed version of the transmitted signal, x(n—u,), where the reference
timing u, is chosen as the time delay of the kth resolved ray [_'rk / TC_|. This means that

the equalizer coefficients may be obtained by minimizing the following cost function:



coefficients for each SE 308, the calculation is very sinple because all
SEs 308 share the sanme matrix R, thus only a single matrix inversion
operati oan(Bosmetp.oilred. Further, when an adaptive synbol almarSdoamo®ach as
the LM5 "or RLS algorithmis 15 used to update the equalizer coefficients,
the convergence property of such an gdaptive symbol al gorithm depends on
the matrix R It is preferred that the adaptive synbol algorithnms for all
SEs 308 have the sanme convergence properties. The nunber of SEs 308

i npl enented is usually determ ned by the design of the 20 equalization
recei ver 300.,1f. the nunber of re olved rays is greater than the nunber of
SEs 308, only elay he rgest strongest resol ved rays
are used t?) ng (W"(geflgrz% ﬂi nJg%é@f%g tﬁoi] SEs 308. O herw se, B SEs
308, B being the nunber of resol ved rays, are used to capture the B

resol ved rays. 25 The TADs 310, TAD(O 310A, TAD(l) 31013, ..., TAD(C 1)
310C, then,gli gigighe outputs fromall corresponding SEs 308 based on the
sanme reference" timngs used in the SEs 308, and despread the tinme-aligned
out puts® of the SEs 308 using the spreading codes allocated to the nmobile
station. The capbi ner 311 conbi nes the despread outputs fromall TADs 3
10, and t he* ‘s‘ﬁzgr{al detector 3 12 then recovers fromthe output 30 of the
conbi ner 312 data synbols intended for the nobile station. WO 03/061301
PCT/ SG03/ 00009 16 _In FI 3, the reference timngs used in the SEs 308 are
det er m nedwlizye RheE{y(m)g (e laad) )i ﬂEbfr(m)acfdnom a]cqw red by the path searcher
306. The corresponding reference timng, however, nay also be fixed or
predeterm ned, in which case the path searcher -5 308 is not required in
the equpl itzahd Qlﬁeéteﬁl%&efnvérggn (Bh\@ Iﬁeth&i & Blaack dia %r &g éﬁgalﬁgﬁ& an
equal i zation receitver 400 In a | e station accor a second

enmbodi mentcoefficienis fplmﬂehﬁ‘ﬁcﬁt% i) ealendpiioh iy wdry slmpﬂaab@auserallm 30§ slekaudes a cel |
sear cher g mul tiple 10 TADs
410, a sy#g er\ﬁ/ }@R ?%@&gfﬁﬂ glg%srlglbm) Hﬁg’ ec%g?lre 12. The cell
searcher 402 and C rrul tiple SEs 408 are connected to and receive input

frommultigpl nas ;. that ers e.cel.l searcher 402
processes the e]?a%g{} an adaptive Syrgngc}rina?rgt%gﬁl}{%c @g&é@ g’f h%gtaég"f R i%  code
gener atsor u$&dto updarm kiei enhaﬂleES)eﬁEﬁnﬁJ’tﬂe Ebnvﬂgbﬁde@k@eﬂfﬁ@ﬁsuéﬁ@n adbpgvecode
generator 40 glgc% dsepenr&s oh 't éttrlx q{d it 15 preferred that the adaptive symbol

algorithms for all SEs 308 have the same convergence properties.

The ﬁumber of SEs 308 implemented is usually determined by the design of the
20  equalization receiver 300. If the number of resolved rays is greater than the number of
SEs 308, only the time delays of the C largest or strongest resolved rays are used to
determine reference timings for the SEs 308. Otherwise, B SEs 308, B being the

number of resolved rays, are used to capture the B resolved rays.

25 The TADs 310, TAD(0) 310A, TAD(1) 310B, ..., TAD(C-1) 310C, then align the
outputs from all corresponding SEs 308 based on the same reference timings used in
the SEs 308, and despread the time-aligned outputs of the SEs 308 using the spreading
codes allocated to the mobile station. The combiner 311 combines the despread
outputs from all TADs 310, and the signal detector 312 then recovers from the output

30  of the combiner 312 data symbols intended for the mobile station.



15 connected and provides input to the Cnmultiple SEs 408 and C nultiple
TADs 410. Wth all inputs, the Cnmultiple SEs 408 perform processing, and
are connewtoead/oamd1 provide inputs to the correspondi ng C mdwsgB@oibADs 410,
whi ch then use all inputs for processing and are connected and provide
inputs to the conbiner 411. The con‘g' ner 411 processes all inputs fromthe
C nul ti pl emTﬁ@s 3440 reRRMcd BmGRANGSE B thg%E'@@@S%é)Hét%ﬁ ddBH el let he signal
detector 412. In the equalization receiver 400, the cell1 searc 402

recei ves fdaday nfogpayon apavined bik ther patls sﬁaybﬁmw&y%eemr@smqnémmehew signal and
the corr estmﬁfﬁg'me@&yﬁmyafsggeﬁ HBfé&e e%ﬁe(ggﬂ GRRAS %e*}ﬁé zﬂﬁéea%ﬂgll oy
oversanpling, and retrieves t eref rom ong scra |ng codes relating to
a cel |l or ¥Bos ot réquirphinghe equelizatjomteceindri30® recei ver 400 operates, and
information relating to cell and franme synchronization. In parti cuI ar,
paraneters relating to frame synchroni zation, for exanple, the tine del ay
for the fiFi& 4 i e§ﬂd)lediagrau}a ofzulh ameeuatisdtion esweiver Wﬁairca)dmbgenmﬁm or ‘404
using the lc%] gaa@écgnggefm {jrr?'\e%tr L ?%ego T% uaﬁ 1%6\8‘0r (%fhreérlOO 02,
generates & Conbi N&tTon of 1oong sgra 50530 18 HEE AR IHEHE

channel i zaihtlodes caombﬁsSekmbwmoasa sodeegaﬂena@r @O@lers nivdtipdé SRg 408 ¢ Iﬁﬁxlnpd)a)mmn

channe d the correspondi dedi cated c ann DTCH
requir W@ SESYR %Vr‘?g rﬁ% S@%?%%T%@i“’%ﬂ:ﬁ@ 17 The
SEs 408, SHRGhd ¢GHAtipISEEE H0&A8 tdnnected to aDE(doeild 1@@8ﬁomar[&t1plémit@ﬂ@mt ed using

t he same e uallzer structure, as the conve ti equal j zer showm in FIG 2,
or the Iiké? @%WP]?XWSW‘IE?IWI tb& EFﬁIe%eamE Qrﬂc 5§ H%er {OPL BPRIY j | t er

|l ength 1j .cofh&td aaaqot’ovﬁés tsit% the p@d@\geﬂ@@tomom CmiRibRUWES Skenerce tim ng,
which is del gye xe predetermned value. In the kth_ SE 408,

SE(k), thepalt lalﬁe%ﬁ;ﬁf ﬂh‘éarThﬂl w dp jgepepigr 404 Praggsses the igputyend 0 WERdG,  of whi ch

cor r esppndgnh@t@amb ppdvidddGnt ROMRI € AuniplaSpehes Md O rukifs pamsep, (n). 10
During operation, the received signals relating to a physical channel j

passes i ntWith afl GRpudss e gt IR ESi408 drerform propessing, and arp gemasgied prsiuci ng a
filtering Quiipdin ut‘é‘ t& mo%§ponéllﬁg U’ﬁulﬁﬁ(&@AﬁsoﬁlOt Wﬁﬁh% fé}ﬁusre he iptkputs from

each FIR filter thereby generatihg a gnal  fof furth processing by a
corr espondfoh@mpﬂﬂ.sxnlg)andlﬂe cpreecteduaidi E@Vld@o@utsi to et @nmye 4é. obkaai ned, for

exanpl e, b%nﬁ}irl%f Eﬂ lzb&gests& lfjfnLLfttg R fe djﬁfuﬂlglet ’PEDQM%, TR B ected

20  and provides input to the signal detector 412.

In the equalization receiver 400, the cell searcher 402 receives from a CDMA
downlink transmission system a transmitted signal and the corresponding rays using
the multiple antennas that may employ oversampling, and retrieves therefrom long
25  scrambling codes relating to a cell or sector in which the equalization receiver 400
operates, and information relating to cell and frame synchronization. In particular,
parameters relating to frame synchronization, for example, the time delay for the first

resolved ray, 7,, are retrieved. The code generator 404 using the long scrambling

codes retrieved by the cell searcher 402, generates a combination of long scrambling

30 codes and short channelization codes known as spreading codes relating to the
common channels CPICH and CCPCH and the corresponding dedicated channel
DTCH required by the SEs 408 and TADs 410.



15 square-error (MVBE) nethod, between the overall equalization output of
the SE(k) 408 and del ayed version of the transmtted signal, x(n - uk) I
where t hewoef@meexoce ~ |+ kd. timng uk is fixed or predetrrmsgmdo®ms L-r~ T
The TADs 410, TAD(O 410A, TAD(1l) 41013, ..., TADC 1) 410C, then align the
20 outputs fromall correspondi ng SEzZ)408 based on the sane reference

timngs u § h 8 re heoki~ne- al i tputs of the
SEs 408 u?ﬁ%ggﬁt%h"eésé%?@ﬁ?ﬁ% SEc(ggg%é%I I'i)'égtg(fgjﬂtdgtg?ﬂ%e ?ffho%lgrﬁgrges@%ﬁt}%on. The
conbi ner 4hdsapErdghalesr deuges preemdventiona aqulifer shoval in HIGD3, okt likend t he

signal detector 412 then recovers fromthe output~ of the conbiner 412 data
synbol s i ridBsliFatery ehitesfures, ot With S shortepiiR t%@r lengtBde Algerash SEASE 1S es are

known, san gre¢i@ld \i/iﬂ?:i‘ﬁni&deq%%hc@tﬂﬁin?%ﬁcm)ﬂeﬁ%&b%ﬂﬂﬁieﬁ ok PRdet&iAddl zat i on
receiver 400 to determne the FIRTIlter length, G and the reference

tinings, 'Yeke required by the SEs 408. 30 FIG 5 is a bl ock diagram of
such an equalization receiver 500 in a nobile station according to a third
enbodi ment of the invention. The equalization receiver .500 includes a

cel | sear dhdhe BDSE 43cHiHE), erecmattdin@OFIR bltesvg(ndefl af, pridf-ll, eadsst i mat or
503, an intelligent cluster analyzer 505 C nmultiple SEs 508, C nultiple
TADs 5 10,°favhigh ograpage o pasty S/ Madosical idarnglshwith laesgegongeofifither 511, and

a signal detector 512. The ce]l, searcher 502,  power delay profile

est i mat’or 8 qpﬁEaEP?’itB‘bWFelﬁ?JLJ%lE‘@ES Pg 3P p@b%ea?ah@né JrRSYE g 8SEs 508
are connec . I I ! t S .y enploy 5
over sanpl iC%g.gSp%}'ﬁ%ﬁl%gﬁﬁgeggﬁg%tg%%}fi%yggeﬁgé}ég9%1 %r%‘:én"g‘&’@ ? %Tﬁgﬁl})lgwéonnect ed
and proviidés SGEiPUHOS then stes the detpyis iemadacl FBOAlter Tveeby gaergmgensanar 504
processes dhe input, .and in tami.s d.and provides.ipput to the
power del atl§)/r %‘F %?riqr%desesé ir%l)fﬁttcé)lfre%’ﬁ ,m%ﬁ;g%}gt%iﬁgl Eheﬁgﬁgﬁ’éfoeﬁf%fm% Wl tiple TADs
510. The pevehtaitkd] &y quample) &y ethimivigthe SHereqpe OeRpsSths mihimunn mebss, and i s

connecjied and provj input .to . the intelljigent. ¢cluster 10 _a zer 505,
ot e B ESE) ity v <o e bEerul ARt S PO OR OB, rput to
the C mul t40pl £d AHehyeDFerdiofl of tha! krhhsplifedT A1 531G — MV t Whadel thé RetbieSoe t he C

mul tiple SEs 508 perform processing, and are connected and provide inputs
to the cordm@spane Meder predetermined as |z, /T, |+ kG .

The TADs 410, TAD(0) 410A, TAD(1) 410B, ..., TAD(C-1) 410C, then align the
20  outputs from all corresponding SEs 408 based on the same reférence timings used in
the SEs 408, and despread the time-aligned outputs of the SEs 408 using the spreading
codes allocated to the mobile station. The combiner 411 combines the despread
outputs from all TADs 410, and the signal detector 412 then recovers from the output
of the combiner 412 data symbols intended for the mobile station.
25

If power delay profiles are known, an intelligent cluster analysis may be used in the

equalization receiver 400 to determine the FIR filter length, G, and the reference

timings, 7, , required by the SEs 408.

30  FIG. 5 is a block diagram of such an equalization receiver 500 in a mobile station
according to a third embodiment of the invention. The equalization receiver-500
includes a cell searcher 502, a code generator 504, a power delay profile estimator 503,

an intelligent cluster analyzer 505, C multiple SEs 508, C multiple TADs 510, a



mul ti pl e TADs 510, which then use all inputs for processing, and are
connected and provide inputs to the conbiner 511. The conbiner 511
processeswd @3/06mput s fromthe C 15 multiple TADs 5 10, anddrsscemnmet ed and
provi des input to the signal detector 512. In the equalization receiver
500, the cell searcher 502 receives L%om a CDVA  downl i nk transm’ ssion
system a t?{ﬁlﬂél%\getl%gmﬁfngp?‘lll Qﬁ‘lpatm?l? Je{eg pOSrl In h'éa lgéar e multiple
antennas that nay enpl oy ovérsanpFing, rieves t ere rom ‘ong 20

scr anbl i ngowedéday mbhleiesgnator fé)3aelelhgemt CQIB‘G‘I analyzar 5 el € hmltmﬁwﬂ zation
receiver rat an |nformat| n reI to c and f

synchroni zagla(g%%g?nm% ?lagglrg?elve m% ﬁe epﬂagf ?‘St PPa P Oy

synchr oni m’ensmnphﬂgor Th«a:anlwarchehéompmcedeb alye fnqmt tdnd %idoshectedesd! ved ray,

TO are retri.eved. erator_ 504 usin anbling codes
et o eved Ty e S aRBTREn D4 FuR gt Suctiol SEpiierD freatthong
scranbl i ngn2m mﬁdlesomﬁﬁte<$b]1m’ﬁroﬁﬂbaﬁrﬁtﬁlk ozt p&er dolde profilosstimaidr S13; €adi ng codes

ad cat o RGPS SBraR FRUNRETARS THe BES RBRAErTABE TH Fhe pover

del ay pr ofprédesses il TaHu, a5@3s cbiiRBted! Shd) @rdvitRs Gigfu@ t&&?@iﬁkeﬁ%ﬁt §1hgerCPI CH and
the I ong scranbling and short channelization codes and the received

si gnal ¥, &PW?eﬂégs’d’I‘Pl%hsﬁ R RIS AlaPHD et IScFé’Iné‘iPteﬁ(ﬁnBrPH?f"il‘IeéWt ©he wirel ess

channel f riene whiltglle Shes0%0Rk lcemSitiak TADBL ! KEMes! ikhfs, HRaehvtgle sisgnal s. The
intelligent cluster analyzer 505 receives the power delay profile estimate,

and gener 208 2@ PRFSHRRIENS Arercepneriad Apd prewida inpyisto dre copespgudng Gnd t he

filter |englifivle 3Gt NG, BB HRAGRe Lil MpR&Stof oé‘ésblﬁg, 4 &b WO
03/ 061301 PCT/ SG03/ 00009 19 The SEs 508, 8A, SE(I) 508B, ...,

SE(C- 1) 508Tidedpputs fpgheeasphies Suki Fhy comh@esélrisvr@qyms plk mputsfiomdhefe as t he

convenisi oRgl; tion

ar chi tesct 31?1 e%ﬁgg%%js\?\nﬁ)? ﬁﬁg%\gﬁgll}e?tggh% If:sg}llflﬁnéé&?oe{r}l%t %%&%}Lﬂ 521§each SE 308 is
S provided with a unique reference timng, which is deternined by the

intelli geglt, i % légﬁaqirzatlo%n cé{l%&r S&O%ﬁwcal f@ﬁcﬁ& rSO%%B? Vﬁe’s ﬁE ka? ’C]jl\ﬂgr e are M

| i near corresponds to each
of the M rdhwslndatrarxshmsmeIssstwuaItraasmmscp@Igsﬂ anfl (the) corredfbnBing irmg um@r ation, the

d I I h I
I;g?rele\s/gon |‘%8a{§lpﬁr ?entanfn gl(.# nIaEngrip O%I (Evael:lsar(rzlp 12&',1218% gﬁ%%ggﬁeﬁ%fpg ]langt ering

out put20 Ascamblimpetodes relating to a cell or sector in which the equalization receiver 500

operates, and information relating to cell and frame synchronization. In particular,

parameters relating to frame synchronization, for example, the time delay for the first
resolved ray, 7, are retrieved. The code generator 504 using the long scrambling

codes retrieved by the cell searcher 502, generates a combination of long scrambling
25  codes and short channelization codes known as spreading codes relating to the
common channels CPICH and CCPCH and the corresponding dedicated channel
DTCH required by the SEs 508 and TADs 510. The power delay profile estimator 503
then using the data symbols of the CPICH and the long scrambling and short
channelization codes and the received signals, provides an estimate of the power delay
30 profile of the wireless channel from which the mobile station retrieves the received
signals. The intelligent cluster analyzer 505 receives the power delay profile estimate,
and generates the information regarding the number of SEs 508, and the filter length

and the reference timings relating to the SEs 508.



in the SE(k) 508 then sunms the outputs fromeach FIR filter thereby
generating a signal for further processing by a corresponding TAD(k) 5 10.
- The equwla @awiwoefficients may be obtained, for, exanplrT/SB030D0M zi ng
the difference, using the m ninum nean 15 square-error (MVBE) net hod,

bet ween the overall equalization out ??:t of the SE(k) 508 and del ayed

versi on ofrgchenst s RN8AL0Y ts88A SEBMR508 1) ere; e timng
u,, is determ ned byE‘{ Ple i nt el ?gen]%(’ C|“l’,lstE§3r 1)asr?a i/érgrl %@Eﬁ%gﬁﬁm 510,
TAD( O 510he samspanglizersyrugture as the cpATnGoral e@hiRr shdveninaFiGyA, ortke IR0 out put s

fromall corresponding SEs 508. based on the sa eference timngs used in
t he SEs Sﬁyalgﬁtgoncfé%tg‘étﬁrﬁs’tbﬁ%w’tﬂ? Arehozey tebbpgtgté' é\ﬁsot FSNSESOBME using t he

spr eadisng prewd@syial 4 @6 fetedcd HBInEDRhiLRisHeREhiBEd by e iGOBimekhsierl 1 conbi nes
t he despread outputs fromall TADs 5 10, and the signal detector 512 then

recovers fABHFERS out put of the conbiner 512 data synbols intended for the
nobi l e station. 25 The intelligent cluster analyzer 505 is described in
greater detail hereinafter, with reference to FIGS. 10 to 12, which
respect i vanyhd ith §Et508+ FEEh éhepose M Hasaa I filiérs | gdnX.of = Ohi-| My-1t, enchai n (HT) ,
typical urban (TU), and equalization test (EQ nobdels in accordance wth
GSM pr opo<dl Ehictresraspards o wash effe fhayM prbosiral cbansigbviriith @ 1epesse #gmo 12, the
30 chapnel_length, .L, in ter .of chip intervals, Jjs small faqr the TU

nodel ,n’butD‘Fg’ﬁg’é’efFB‘?n’ tf?%@cﬂ’fe ferageiaiag a2 Pyt éﬁé@ﬁkmw@@%/ 00009 20
Even t hougly,the, iRk e 2 £ the HT
power - del a_yrrp of1l'e no ee?ggﬁlc?i@l?g{gey GP g?y%dﬁ(gn%%ﬁ%%\%% Q“ﬁ’i‘f'a% Cgr?%‘P ?r:’e nodel as
shown i n iIFHESE(R Q0% Hdn $@ns the optputs ifwel epch FIReilton thoesby @bnetigivignaignalr ays i s
usual ly s kS  typicall. nunber of taps.of which the
corres pong?“l n%n}é%%g C?Szgglg bi’ge%ﬁfsg)?%éﬁ %‘?A%%gg%?%}e SHHali et P Eciqpismay, o o |
channel g dviclafsickargple, gt mirsmvangathe rdifferedce Stishigsthe anidiminh énebn-me donmai n

channels ! SIRADSSr (ke T8 ol b 60 oA%in OfMizackn Subt ot lRED ' 1 ¢ (®

508 and delayed version of the transmitted signal, x(n—u,), where the reference

timing u, is determined by the intelligent cluster analyzer 505.

The TADs 510, TAD(0) 510A, TAD(1) 510B, ..., TAD(C-1) 510C, then align the
20 outputs from all corresponding SEs 508 based on the same reference timings used in
the SEs 508, and despread the time-aligned outputs of the SEs 508 using the spreading
codes allocated to the mobile station. The combiner 511 combines the despread
outputs from all TADs 510, and the signal detector 512 then recovers from the output
of the combiner 512 data symbols intended for the mobile station.
25
The intelligent cluster analyzer 505 is described in greater detail hereinafter, with
reference to FIGS. 10 to 12, which respectively illustrate the power-delay profiles for
hilly terrain (HT), typical urban (TU), and equalization test (EQ) models in accordance
with GSM proposals. From the power-delay profiles shown in FIGS. 10 to 12, the
30 channel length, L, in terms of chip intervals, is small for the TU model, but large for
the HT and EQ models.



where P is the nunber of ray clusters; Qis the maxi num channel |ength for
the ray clusters; 15 nk is the nunber of chip intervals by which the kth
ray cl usteo @et®iayed; ak,1 is the channel coefficient fraT/ddoe/obdob pat h
of the kth ray cluster; .5(x) is a delta function, whose value is one for x
= 0, and zero for others. Equivalen§g£, t he frequency domai n channel
response , I b7 =~ k=1 where
Hk (CO i2§¥ﬂ2ﬁ$§ggﬁgﬁ%§gﬁ§i%?ﬁ%gﬁggneIgfégﬁgzgg&g%zgagéb%ﬁt%fﬁgier ray;
and T. i gowhkeddly profiktmesdehindalt gdufoatted@Q p@ber\iélah pedfasaiofiélagtshowm of ray
clusters, the equalization receiver 500 does not equalize the overal
channel r&855a%d 0130d |12 rpspestivaly; the pumbeiof domiantgaysieipsuply enalht B8ias or

over sanpl ii0@pi@BE A 153Y nEhbks o taps Sf ! the @Qre%?cﬂﬁfr@téa_{léﬂiz@b’c&e?&i&@sncm lation
of the other ray clusters. It is assunmed that all” wirel ess channel s have
simlar pofererdelbgjelpiechs peeralchippnel men be clagsifie éntp ggveral iy tclsteprodidt | ons i n
time, evenyd HOUEAnLREhAYEHEYSnPINRY, mhPbe wilit] KL ent rays may be different.
This is true for oversanpled wreless channe s, and WD 03/061301

PCT/ S&03/ 00009 21 also for multiple antennas since the antenna spaci ng at
the nobile statign is too small conpared with the distance between the
base statimy)a%%}@bgaanbhdenstation. 5 If the equalizer I@gngth for each
channel is G en the total number of unknown J equalizer coefficients
is MJ,, To obtain ZF equalization for the desired ray cluster and
cancelﬁation of the other cluster rays, the nunber of |inear equations is
P(Q + d - vihere Therefore, a condition that is be satisfied in order to

achi eve perfect ZF and cancellation is: 10

P is the number of ray clusters;
Q is the maximum channel length for the ray clusters;

15 n, is the number of chip intervals by which the kth ray cluster is delayed;
@, is the channel coefficient for the /th path of the kth ray cluster;

O(x) is a delta function, whose value is one for x = 0, and zero for others.

Equivalently, the frequency domain channel response may be expressed as:

20
P s
H(w)=> H ()" 9)
k=1
where H, (@) is the frequency domain channel response of the kth cluster ray; and T,
is the chip interval or duration.
25

With classification of ray clusters, the equalization receiver 500 does not equalize the
overall channel response H(z). Instead, by making use of multiple antennas or
oversampling, each ray cluster is equalized separately by the cancellation of the other
ray clusters. It is assumed that all wireless channels have similar power delay profile
30 in terms of the ray cluster positions in time, even though the average power for

different rays may be different. This is true for oversampled wireless channels, and



M~ P(Q+ G- 1) (10) A nunmber of observations are nade when sati sfying
condition (10) to achieve perfect ZF equalization and cancellation of the
ot her clustoens/emdps. Firstly, if Q= 1, the nunber of physicascoshemnel s M
cannot' be | ess than the nunber of ray clusters P. If Q> 1, Mis 15 also
greater than P. Secondly, for a give nunber of physical channels M> P,

the equalizgy e rlgﬁl\tll\%lfeoﬁntelﬁfa@ sinck) tl%acﬁlt@ﬁw%b&?ﬂ% ?t];fel}r@ r}?{lbﬂé Q%Hk}g jsat ' sf y the

condition MP ich the total equa engt

For M = P90 smpbcqmmsrasuiflt Be énstan@rbgtvwe@t etbh@e stapign el it imobile ftafiop( P+ 1) (Q -
1). By increasing M the required total equalizer length Md decreases,

wth the mnimumbeing P(Q- 1). Wth reference to the EQ TU and HT

power - del ay ths edualiger Meeh SorstuorthinielHsGS., & th QothR nuBbél&fainkgslydescri pti on
is provided for the method which the intelligent cluster 25 analyzer
505 gener aqsalizeneestficiendt isoM G -e JarobitairgZF heuailaattwrfoothes‘té&reﬁﬁay claster t he filter
 ength andekhenbA5ene k! FhOOSAL IR S5° i 1P RERAGRNRLO e T

power - del ay profi own I n maxi rmm s delay is 20

ps, which p@ r&SpYndsereford & ohiifor hitas ¥edaSishicrin GRiePtd RhiBvepedhctips. 30 If
there are four physical channels (M= 4), then the total equalizer |ength

i s 308 tapwdarcelationavent i onal equal i zati on receiver. In the equalization
receivgy 500, the total WO 03/061301 PCT/ S@3/00009 22 equalizer length is
relatively shorter and is dependent on nultiple ray clusters into which
the wirel essmbampigl+Gsidivided in a nunber of ways. 5 Figgtly, the

w rel ess channel may be divided into two ray clusters which include all

rays in thenpav& ordeiedvatiBhoft hidde M]éh {akiESng ko V\ﬁdlﬁéﬂ @f()) Io hf%Q%FJrfegﬁl ay

profile is classified a first ray cluster, second
ray cl ust &F equpligatienandrogugelipting OfﬂW@ﬂwaR]iumlmamcfesﬁy,déQad dfensmfosr Thus P =

2 and Q o%ghysgapﬁiaﬂﬂefﬁﬂeclgm%bgﬁgg th etﬂgh%ﬁ)gr fgﬂl? cﬁ%{é%'}g I'i‘"@/h élz\h‘ B er and i s

t he maxi mum int eger hi's case moni mum
equal | Per dserzgpakertton Feach ray cluster is 19, and the total equalizer
| ength is Md = 96.

Secondly, for a given number of physical channels M > P, the equalizer length for

each physical channel should satisfy the condition G I;(J—Q_}Tl), in which the total

equalizer length MG >

MP
M(Q D . For M = P+1, the minimum total length of the

20  equalizer is P(P+1)(Q-1). By increasing M, the required total equalizer length MG

decreases, with the minimum being P(Q -1).

With reference to the EQ, TU and HT power-delay profile models shown in FIGS. 10
to 12, a detailed description is provided for the method by which the intelligent cluster

25  analyzer 505 generates information regarding the number of SEs 508, and the filter
length and the reference timings of the SEs 508.

In relation to the HT power-delay profile model shown in FIG. 10, the maximum
access delay is 20 us , which corresponds to 77 chip intervals for chip rate 3.84 Mcps.
30  If there are four physical channels (M = 4), then the total equalizer length is 308 taps

for a conventional equalization receiver. In the equalization receiver 500, the total



Alternatively, the wireless channel may be divided into two ray clusters
which include all rays except the last in the power-delay profile. The
first 1.3moso3gbiobe power-delay 15 profile is classifiedrTiSGostomay
cluster, while the last 5 ps a second ray cluster with the last ray being
omtted. Therefore the maxi num acces% delay relates to the second ray

cluster anduhideeRh i Ridivdly Shénd M 2icaBonddnDBI Rlipfierg IR Ienat h of

the second ray cluster |stemaX| m 1 nt eger ps X 3.84 Mcps. In
t hi s case,whidhgthe wirelessiwharmgliaHivided il emgutier bbwaygach ray cluster is 7, and the
total equalizer length 20 is Ml = 28. A further alternative is to divide
the wireless channel into two ray clusters which include all rays except
the | ast tRimtly,nhd waelpmw&lanmbda Inay berdifilddeintoTtve fay relitstets Bhiok imfude ad

power - del a pro e is Iass t,ra ust er he last 5 PS
i s classi fr%/yé‘dm hﬁ&i"oé’v«?ﬁ ayrpé ﬂ%l S'gf El i tH5% ﬁ£%+a§?w?fde\[\,{r}a§’/r°ﬁ Sel'ng omitt ed.
Therefore cialgﬁﬁ&pﬁ(ﬁm c%ﬁ?%llg%{eQXst 56k alB8sonk Qay HEstdr! fh@xrebi]ﬁ%vﬁi ster and is
1.3 ps. Thus P = 2, and Q = Q being the maxi numiength of the first ray

cl uster ankk msxitnhm aveess delay loﬁﬁ ggerThof P Band§ K2Q. Qbelwg[ﬂs miyimphi s case,

the mni rrumequallze | ength for each ray cluster_is G = 4, and the total
equal i zer 1fneyefiths seoand 2y f]@s"e’?ﬂl |15, the AR JBeasE Ohath & - 34 WP%PI&i ng the

wirel ess channel _into nulti ay ust er 508 and the
ref er effce BF fisiglhe PBP%%&Q"%ZGF %‘géEflé’ gr?% élu%]t‘érslﬁe{g gef‘?f; \lf\b%%%l/ 061301
PCT/ SQ03/ %8931%&1@%&91‘39\?5‘:1% on the nunmber (P) of ray clusters and the tine
del ays corresponding to those ray clusters. For exanple, in relation to

the first way of dividing the wireless channel into nmultiple ray clusters,

the number lgen]gg %Qe W rgl?gsvé:ga gl ?%%918%%¥0Wq Elﬂ&er% I@s{hgc'ilq el i m ngs are

1.3 ps andA Yt elati on no shown in
FIG 11, talieaysexcaputhe la&¢aehs pd\eéraiﬁlabf$r(ﬁiquSThe\lﬁlﬁiclh3 gmofélsmowctsdeﬂay 20 chi ps

for chip rate 3.84 ({) I n order erform equal | zati a conventi onal
equal i Yat insefile sscdasified p §rst gy Alysia ‘t’lﬁle ﬁi)]laﬁf 1507 45orh3¥ cfustef WEh B5ual i zer for

each chan er length
is 80. q?#uraayebehgl (4 it ¢gﬁﬁfég%g%§?£§g%hia%&v£ %ﬁﬁefﬁ% é@} ?hag%téﬁéz aé/st er
anal ysi S Icﬂiusa:pphd ad ,Ltshe Thus P =2 and Q = 8, Q being the maximum length of the

second ray cluster and is the maximum integer of 2 us X 3.84 Mcps. In this case, the

minimum equalizer length for each ray cluster is G =7, and the total equalizer length

20 is MG =28.

A further alternative is to divide the wireless channel into two ray clusters which
include all rays except the last two in the power-delay profile. The first 1.3 us of the
power-delay profile is classified a first ray cluster, while the last 5 us is classified a
25  second ray cluster with the last two rays being omitted. Therefore the maximum
excess delay relates to the first ray cluster and is 1.3 us. Thus P=2,and =5, 0

being the maximum length of the first ray cluster and is the maximum integer of 1.3

s X 3.84 Mcps. In this case, the minimum equalizer length for each ray cluster is

G=4 , and the total equalizer length is MG =16.
30
In the foregoing manner of dividing the wireless channel into multiple ray clusters, the

number of SEs 508 and the reference timings relating to the SEs 508 are respectively



overall wreless channel is considered as a single ray cluster (P =1, Q=
20), and four 15 channels are used (M= 4 ). According to conditions set
i n equat i wo 308)301t he m ni mum equal i zer | ength for each clrarmwsaosiogoopd = 7
and the total equalizer length is 28 By changing the timng of the
reference signal, nultiple SEs 508 be designed, the outputs of which
are then d te NR. .per ma In the
equal i zat ?%?1 r%@e?l\?gge ?%Eq%lel?ﬁg) O(P ‘f{FQ é&? Rth thtfen%’rZO ?%?}’es'rence
tinmng forcomesphndsiy ao&omyaybelusl@nsl e]ibraw;@mpld; mgreﬂe(uon he the fichhavay efnd
software ¢ Pty th . (o r »500 t ven though
mul tiple g%%}lggél a%(raelelfgg %9 %‘tﬁ%dlt?]@afsc‘? S%égshthreengfanl%seor 83‘,65 eat(‘:xﬁ SE 508
has a muchnéﬁmrcbﬁcf:spenﬂi@gnemncéEmgtghaﬂehéirmtdiﬂScmnvent| onal equalizer, and
wor ks 25 independently fromthe other SEs 508. Therefore, it is expected
that each SE 508 and the equalization receiver 500 involve faster
conver gengg raiRgord AVBE T ‘;S@\Rf&l%@a% prBfiRBARIe! kot Hlaﬂd he, %M%ﬁ&hﬁ&na'
equalizer receiver. In relation'to the EQ power-delay e nodel shown
in FIG 12cceshdley ﬁrSewSWklchgm@qmsmgﬂQ Ph#@s@éplagé@eﬁﬁgvgl%dht ¢rderaxi mum
access del @ erfs 16 thu [he oy nﬁt 1 ahz‘L hannel Isdtoe g dzol nto six
ray cl ust &f 8 A 3o?na|an? ‘ien WA SHAEE ﬁnlr'eﬁ?}verésf{%%? SHPEYHS only one
resol ved rayg ihPhe eﬁma,lizaafbln daety cheselonlifyfoonehanayls (afg iged, tlfen thé xotalhannel s (M
6) are avalll abl e, gﬁn according to equation (3), perfect ZF
equal i zat IO EASEINES ) ati on of other ray clusters may be achieved for
each ray WO 03/061301 PCT/ SG&3/00009 24 cluster. In the recovery of the

first ray _and can ellation o Si X i near equations may be
fortned, fPJMR GHe ?f‘“f’?mé“é%"ﬁr 59{& @6@?1 18%? St Fﬂ“b”sﬁels a@B]%i%rrg’(eed Af t er
each ray hasraleaRIBXéHantd @bondil@edikl PHiigde fa QMsRATN="12 BY), H@ fourconbi ned,
with which_ path di verS|t _is achieved. Therefore, the nunber of SEs 508 C

= 6, tHe fciliu”tnélrs ‘I‘fén‘%ﬁ% =4), 4neerime tPerO@fhélﬁESe Sgtj i ?fglaﬂ%p 103, fhe | = 0,

- -,5|nth t|on e outputsftom
the SEs areé e ? quad i lenéthdt% 9? Ef'?\le{r? L?:né% ﬁ@d 7a"tmd t&;smtﬁ n%uﬁhz?r leréﬁ?h

Al ternati 28l yByt ¢hengiug p)hﬁ ﬁmﬁrrgonf theercSrace Jsﬁ)gnlahymh&plecﬂﬂsl ﬁBdmap Hehe chip

| evel, th pread, usi 0 ader. FIG .6 gram of
such an e ﬁ%{gli‘e a eoﬁltpﬁl%coggv\}ﬂ&l gﬁ ‘% dnad’dtcé’mgmlegt?ﬁ ?”r‘?H g‘%ﬁ’b nt of the
i nvent i on.peffbenagcglalih 2hd iequnlicavai nesived B0 el maeter &f GSHs| SE8eaid fRr

20 reference timing for each SE 508 may be varied according to the hardware and

software complexity the equalization receiver 500 may support.

Even though multiple SEs 508 are used in the equalization receiver 500, each SE 508
has a much shorter equalizer length then the conventional equalizer, and works
25  independently from the other SEs 508. Therefore, it is expected that each SE 508 and
the equalization receiver 500 involve faster convergence and lower divergence

probability than the conventional equalizer receiver.

In relation to the EQ power-delay profile model shown in FIG. 12, there are six

30  equally time-delayed rays and the maximum access delay is 16 us. The overall

wireless channel is divided into six ray clusters in time domain, in which each ray
cluster contains only one resolved ray (P = 6), each ray has only one ray (Q =1). If
six channels (M = 6) are available, then according to equation (3), perfect ZF

equalization and cancellation of other ray clusters may be achieved for each ray



602, a code generator 604, a path searcher 606, C nultiple SEs 608, a
time-alignnment 15 and conbi ner (TAQ 609, a despreader 610, and a signal

det ect or @1R03/06Bd1cell searcher 602, path searcher 606, awl/SGosobdppl e SEs
608 are connected to and receive input fromnmultiple antennas that may
enpl oy oversanpling. The cell searcgf 602 processes the input, and is
connected and provi des inpu to . th ‘{;d e._ge t 604 path searcher
606. The églﬁ{egr'g&i At Veggﬁ% %Foﬁgrsetsrg%s gﬁeca?cneggéo% §€1(§he| ﬁthfﬂg?rg’is’sg%o connect ed
and provi diasari sqpationt dyhies foahdd, Sear eheh tBO6ix Wknowit icpdfBeiSkEs nGPSe TAC 609

and despreader, 610., The pat nerator. 306 processes all] input and is
connect ed egtﬁﬁate‘gr SMel é’%"}ﬁ?ﬁfﬂ{agﬁ’(?eq ﬁ’éﬁaﬁteﬁu&tei Qﬁ‘l?pél?%é M358t I P"ﬂ%eGOQ. Wth
al | i nput sombiied, itk litlpp£h diSksit30fctievello Therploes; epintger drsiis 308 Cconnect ed
and provide inputs to the TAC 609, which then uses all inputs for

pr ocessi ng, 6, dredilies lepghr@ etl eehddheirefrangs iarignpues, £ b=Ohe,25 despreader 610.
The despreader 610 processes the inputs fromthe TAC 609 and code
generator 604, and is connected and provides input to the signal detector
61?3.[]\”!A n ; h@thlé_CHqEélizé@dﬂ RbeiveRL oW lin 6AK. 3tthe, me!ohtpag&fogﬁhme SE@ErdeFﬁtEtEi ves from
a ownl ink transm ssion systema transnmtted signal a e

cor r espondEiRgeatatien sombmedsy the vinp) léveéntAétﬁWé‘%V“'ﬁ%élie w&&tse‘%ﬁwg\g? %%}er sanpl i ng,
and refyl | Y8%elcBRbREL AThd QiTIe4] BEPIdNEaCRARINE BbPidadlg. tO a cel | or sector
in which thé equalization receiver 600 operates, and information relating
to cell and franme synchroni zation. In particular, paraneters relating to

frame SV”%‘?@P@E@&Bioania%ﬂﬁl SBPhEequbttibh FReV& @Y d@irdihh®o hitsith resol ved
ray, r, are retrieved. The code generator 604 using the [ong scranbling WO

03/ 061301 cPbTHisEoBibO Goentins. ddgequalisrtianagesdvepP0q heludes 2 cdbsercher 602,
gener at es qg, GO ReIdA0 QU Aagang seaPSHE P68, b%lﬁ@ggﬁs 808 aSHQL_LtighhRRr nel i zati on

codes known as spreading codes relating to the common channels CPlICH and

CCPCH End abheombmer SPAANB0RY adduprsader §1@handnesigal DR@idtor ddi rE ¢l t he SEs
608 and d%%ﬁfghee?‘gﬁ{, ﬁgaiosearll@? 69@‘%{1&? eEAnd grSEggééi B@%Qmﬁéﬁﬁeﬁ'% aﬁdn@ce%t a symbol s
an snor

of the CPI e'long scrdandling a channel 1 zat1 on codes and
t he recei goit SiognmliBiplepmeaningbetbattthay ¢rpley dedrseynpling.afbe eelsseafber 602, " CB- 1) of
605A,  Se Mgt bl wal dGebEER UETRCUBIE o B O eRimle 200
equal i zer aad putht srehass0bh eTleaiode genetaadl 60dopratdsee thesmpuin anditFtu@ is2, or t he
ke 20  connected and provides input to the path searcher 606, C multiple SEs 608, TAC 609

and despreader 610. The path generator 306 processes all inputs, and is connected and

provides input to the C multiple SEs 308 and TAC 609. With all inputs, the C multiple

SEs 308 perform processing, and are connected and provide inputs to the TAC 609,

which then uses all inputs for processing, and is connected and provide inputs to the

25 despreader 610. The despreader 610 processes the inputs from the TAC 609 and code

generator 604, and is connected and provides input to the signal detector 612.

In the equalization receiver 600, the cell searcher 602 receives from a CDMA
downlink transmission system a transmitted signal and the corresponding rays from
30 multiple antennas that may employ oversampling, and retrieves therefrom long
scrambling codes relating to a cell or sector in which the equalization receiver 600
operates, and information relating to cell and frame synchronization. In particular,
parameters relating to frame synchronization, for example, the time delay for the first

resolved ray, 7,, are retrieved. The code generator 604 using the long scrambling



equal i zation architectures, but with a shorter FIRfilter length ~3_. Al so,
each SE 608 is provided with a unique reference timng, which is

det er m neddms/obiBd1ti me del ay paraneters of the resol ved rryiesGokdodon t he
kth SE 608, SE(k), there are Mlinear FIRfilters gkj (n), j =0, M- I,
each of which corresponds to each o the M physical channels with a
response modéﬂ)etnev&’ﬁjl'ﬁgs ceRBAakdr 802, %k%eﬂ’a%ge'é/ ec&oﬁﬂa?ﬁﬁéﬁ ro?l f)ﬁ@g to a

physi cal channel asses into a correspondl ng FIR ength d
t her eby prS@w&Jihﬁgc ef ppd ghortehanygkization cwe%bmw@rsp@@dlnmcqcﬂqeregﬁ@k)o 608 t hen

suns t he (o) [ for
further p?cg{é: gg%?lﬁg QJ}%%‘}%%% dd@%“&gﬁ%%@%ﬁgﬂlﬁ ?%ageﬁltscg gﬁ%y be
obt ai ned, DTEH rmuan@b}gthetﬁi}is D desprepdenel 0di The erérseachen §0Miet tdngri ni mum

mean- squar ral |zat| on out put
of the 'Se(E; b8 b I A et e R b B BRGS0 Pl
wher e t he andfthe adivetli dignaty, Provides (RS tialeodeddy dsramberst i4)p.-ggl, ;a)éf Qlﬁe the kth
resolved ray LZ-k T~ The TAC 609 aligns the outputs from all SEs 608 based
on the sarféSotefapinct leigpstmysivedigsdtsn the SEs 608 and conbines the
time-aligned outputs of the SEs 608. The despreader 610 then despreads the
conbi ned chi p-1evel output of the TAC 609 using 30 the spreadi ng codes

al | ocat®d Thy 08BN BEAN 0% d. .+ FCsh) $AST, adle inepderoemtin@ingen recovers

fromthe i l. t r the

nobi | e s%g%ulgt)é uaﬁ{ﬁﬁt %%f %gég%%@%gﬁ;}eg%f 8@%&}%&4 E%H%Fygf%rgﬁ%ef 5 i ngs of

the SEs 6QBuimitic SchileufbIReRitRs sfordERRVAkdd BSethi G . AMY, ERhSRIBS e pat h

searcher 606 .may not be required in the equalization receiver 600. FI G

7is a bl dWléﬁdamthrﬁ amq%eqfersmeéawga ¥hich dn detsaaiogd by 7o taecdilai ng to a

fifth enbodismnds Ofthd REIVAMENL | on. The equal i zation receiver 700 includes a

cell searcher 702, a code generator 704, C nultiple SEs 708, a TAC 709, a

desprelder 710, and a signal detector 712. The cell searcher 702 and C

mul tiple 7 t nput fr e antennas
353‘? 7B AB6s @ggpﬁg%rsgnf‘ 2 indP e BRGL YCoh NPT LY OM [l bh bt

t hat may oy oversa he ce 2 processes the input,

and is coRpg r r Cmltiple
SEs 408 and %A&cgr?%’md%ceé\ﬂé}gﬁihégm@%%?h%fggls %?ggée%% LA Bhithng

operation, the received signals relating to a physical channel j passes into a

corresponding FIR filter of length G thereby producing a filtering output. A combiner
20  in the SE(k) 608 then sums the outputs from each FIR filter thereby generating a signal
for further processing by the TAC 609. The equalizer coefficients may be obtained,
for example, by minimizing the difference, using the minimum mean-square-error
(MMSE) method, between the overall equalization output of the SE(k) 608 and

delayed version of the transmitted signal, x(n—u,), where the reference timing u, is

25  chosen as the time delay of the kth resolved ray l_v:k /T, C_|.

The TAC 609 aligns the outputs from all SEs 608 based on the same reference timings
used in the SEs 608 and combines the time-aligned outputs of the SEs 608. The
despreader 610 then despreads the combined chip-level output of the TAC 609 using
30  the spreading codes allocated to the mobile station, and the signal detector 612 then

recovers from the output of the despreader 610 data symbols intended for the mobile

station.



the input, and in tamis connected and provides input to the C nultiple SEs
408, TAC 709, and despreader 710. Wth all inputs, the Cnultiple SEs 408
per f orm pwacegsizeg, and are connected and provi de i nputs Hax/8d8/0008€ 709,
whi ch then uses all inputs for 15 processing and is connected and provide
inputs to the despreader 7 10. The dgfggreader 710 processes all inputs
fromthe e rovi des
input to ﬁ@e ré%ger?g?%gﬁ c'?%?% ?EE I'n t %%g ??%??d%ﬁq?’%ge‘{%g 157%00 t he

cel | sear oflech AgXhe patle sapeherf 09rmay r@DMeqEGddo the lefivalizatioanensivestldn system a
transmtted signal and the corresponding rays from nultiple antennas that
may enpl oy oversanpling, and retrieves therefromlong scranbling codes

rel ati ng tRdGa7 ¢eh blook d’wcmmpf istwhvdni agihalizhtorexgorivar 7780 iaoeprdieg éd v ifth700

oper at es, and i nfor thI’l to cel |l and n tion. In
par ti cul arrmPONTFEL ?V%t Ogt ?tg)rl%erecelvr?{:ﬁé(%%’ln@g%/%gm?amﬁ% xanpl e, the
time del awoﬁoarcddh@eﬁdrettsﬂ 7(215Crlﬁslnb1¢a13s 178§, a TAZC 708y edwseteadee\ﬂéot anEﬂae code

generator ong, scr n S. retr ceII
sear cher, %e‘t%fg’g 75;1{. gh‘%f"%]aﬁeia‘%?ﬁ&%lz gﬂé &g%ﬁ @% 36%8%%60 fdshor t
cEanne: [ z&hd @dfbeiif@d tmm\ﬂ]ugﬁ)lers]ﬂftﬁmgs that mg;deﬁlproglmrsmgplﬁ@ t e mirrrmn
channel s CPI t he dedi cat ed,channel, DTCH. requi r e y the
equal ilfer§ea§§g %ﬁ%pﬂ’égsﬁ?se‘g’ﬂé?@t %‘% g gannspicd 7RG ProxpenPHgR th%E‘( o) 7088
. SE( Cgbheri08104, arultipe! SEIRI08 agd qrgcnmt e csamgene@mkm @focesmet ure as

t he conventional equalizer shown in FIG 2, or the |like _equalization
ar chi t ect dhee@putmd YR IsCoapgsEadend progides }naogfrtoﬁ%afwlﬁlpje Shg ‘g@ Té ch SE 708

i's WO 03/ 063304 aBeTda(030 083@0an %ﬁut@rﬂ%@ drdtipi S Msyeiiame pfoedseihgnce ti i ng,
which is delayed by a fixed or edeterni ned value. 5 In the kth SE 70 8,
SE(k), thené aggreenngotedad provide lflpw @r@e dRC (49) whichthey uses alf inpyts frach of

whi ch GOr resRARASHE & &gﬁ&téafanaﬁa JMeF?HBﬁ%' 6 3o &9@@5&%} 510 1R d@sph@aponse hj (n)
. During operatl on, e recelve nals relating to a physical channel j
passes i ntid0arocesses alkivpwisifion the RAG TQ eqnd@f)dq gangater d04.Had dvgonpecéduci ng a
filtering E(k)-708 then sums the outputs from
each FIR f@?%’%&fdﬁép qme%%%?la%eféﬁ%pglzgl gnal 10 for further processing by
the TAC 709. The equalizer coefficients may be obtained,

In the equalization receiver 700, the cell searcher 702 receives from a CDMA
20  downlink transmission system a transmitted signal and the corresponding rays from
multiple antennas that may employ oversampling, and retrieves therefrom long
scrambling codes relating to a cell or sector in which the equalization receiver 700
operates, and information relating to cell and frame synchronization. In particular,
parameters relating to frame synchronization, for example, the time delay for the first

25  resolved ray, 7,, are retrieved. The code generator 704 using the long scrambling

codes retrieved by the cell searcher, generates a combination of long scrambling codes
and short channelization codes known as spreading codes relating to the common
channels CPICH and CCPCH and the dedicated channel DTCH required by the
equalizers and the despreaders.

30
The SEs 708, SE(0) 708A, SE(1) 708B, ..., SE(C-1) 708C, are implemented using the

same equalizer structure as the conventional equalizer shown in FIG. 2, or the like

equalization architectures, but with a shorter FIR filter length G. Also, each SE 708 is



for exanple, by mnimzing the difference, using the m ni num

nmean- square-error (MVSE) nethod, between the overall equalization out put

of the SEMOo03me&oand del ayed version of the transmtted ssavsdos/ongon- Uk)
"where the reference timng Uk is fixed, e.g., Lc,) / T, I+ kd. 15 The TAC
709 aligns the outputs fromall SEs 8 based on the sane reference tim ngs

used in t:}fro\i \%%a@ ué:%q@é&gguﬂl Wﬁ{@haslgme&)u tuts gfeqd hg SEs 708.

The despreader spreads the conbined c¢hip-Fevel output of the
TAC 709 ugiredgtermined sgveeadi ng codes all ocated to the nobile station, and the
signal detector 712 then 20 recovers fromthe output of the despreader 710
data synbols intended for the nobile station. If power delay profiles are
known, si ntlelthed igieSE 703, S8(/@rthae aley\s liscanBIR BHkersige th)i 0 tHhe-, Megqladacizait i on
receiver to determne the FIRfilter length, i~T~, and the reference
timngs, W5ch gkrespnds egach ddhdlf phiigeabEkannéls @ith@ rtssowsetﬂ ook Bimgr am of such
an equal i zation receiver 800 according to a sixth enbodiment of the

i nvent i on.orFrEo gl Teseivado igpde aplplpe g@(ﬁ iﬂlﬁfﬁl?i‘élé%lal&le&él Pass@Saitheér 802, a

ol ust or - 36ourmey2as FBBRAEE o6 T i Qo gt s Tt A GaBhE EIEAN
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estimator 803 of olrge 2§kgl_l inputs, and is connected and provides input to
the intelligent ctister anal yzer 805, which in turn process all inputs,
and isisconnected and provides input to the Cnultiple SEs 808 and TAD 809.
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for procesgedgh tRNSEATOR ﬁﬁnwﬁibﬁ@@ the time-aligned outputs of the SEs 708. The
despreader 710 then despreads the combined chip-level output of the TAC 709‘using
the spreading codes allocated to the mobile station, and the signal detector 712 then
20  recovers from the output of the despreader 710 data symbols intended for the mobile
station.

If power delay profiles are known, intelligent cluster analysis may be used in the
equalization receiver to determine the FIR filter length, G , and the reference timings,

25 7, s, required by the SEs.

FIG. 8 is a block diagram of such an equalization receiver 800 according to a sixth
embodiment of the invention. The equalization receiver 800 includes a cell searcher
802, a code generator 804, a power delay profile estimator 803, an intelligent cluster
30 analyzer 805, C multiple SEs 808, a TAC 809, a despreader 810 and a signal detector
812. The cell searcher 802, power delay profile estimator 803, intelligent cluster
analyzer 805, and C multiple SEs 508 are connected to and receive input from multiple

antennas that may employ oversampling. The cell searcher 802 processes the input,



10 and provide inputs to the despreader 810. The despreader 810 processes
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and short channelization codes known as spreading codes relating to the common
channels CPICH and CCPCH required by the SEs 808 and despreader 810. The power
delay profile estimator 503 then using the data symbols of the CPICH and the long

scrambling and short channelization codes and the received signals, provides an

25  estimate of the power delay profile of the wireless channel from which the mobile
station retrieves received signals. The intelligent cluster analyzer 805 receives the

" power delay profile estimate, and generates the information regarding the number of

SEs 808, and the filter length and the reference timings of the SEs 808.

30  The SEs 708, SE(0) 708A, SE(1) 708B, ..., SE(C-1) 708C, are implemented using the

same equalizer structure as the conventional equalizer shown in FIG. 2, or the like

equalization architectures, but with a shorter FIR filter length G. Also, each SE 708 is
provided with a unique reference timing. The FIR filter length and the reference

timings are determined by the intelligent cluster analyzer 805.
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20  Even though the foregoing equalization receivers are described in relation to CDMA
downlink transmission systems, further embodiments of the invention may relate to
CDMA uplink transmission systems by applying modifications known to those skilled

in the art, and to other general broadband space-time equalization architectures.

25  With reference to FIGS. 9A and 9B, further embodiments of the invention are
described hereinafter. FIGS. 9A and 9B are block diagrams of equalizer receiver
configurations having multiple short equalizers according to seventh and eighth

embodiments of the invention, respectively.

30 FIG. 9A is a block diagram of the equalization receiver configuration 900A for
implementation in an equalization receiver in a mobile station according to the seventh
embodiment of the invention. The equalization receiver configuration 900A includes a

code generator 904, a reference timing source 907, C multiple SEs 908, C multiple
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spreading codes relating to the common channels CPICH and CCPCH and the
corresponding dedicated channel DTCH required by the C multiple SEs 908.

20
The TAMs 909, TAM(0) 909A, TAM(1) 909B, ..., TAM(C-1) 909C, first align the
received signals based on reference timings provided by the reference timing sources
907 to provide time-aligned signals. Each TAM 909 is provided with a unique
reference timing by the reference timing source 907, which is determined by the time

25 delay parameters of the resolved rays as described with reference to FIGS. 3 and 6, or
which is delayed by a fixed or predetermined value as described with reference to

FIGS. 4 and 7, or which is determined by an intelligent cluster analyzer as described

with reference to FIGS. 5 and 8:

30  The SEs 908, SE(0) 908A, SE(1) 908B, ..., SE(C-1) 908C, are implemented using the

same equalizer structure as the conventional equalizer shown in FIG. 2, or the like

equalization architectures, but with a shorter FIR filter length G, and are provided

with the same reference timing.
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therefrom,,fke reference timng source 907 is connected and provides input
to the Cnultiple TAMs 909. Wth all inputs, the Cnultiple TAVMs 909
perform

In the CD/DC 913, the time-aligned and equalized outputs of the SEs 908 are either
first preferably despread using the spreading codes allocated to the mobile station

20 using multiple despreaders and subsequently combined, or first combined and
subsequently despread using a single despreader, the output of which may be used by a
signal detector to then recover therefrom data symbols intended for the mobile station.
The latter configuration, by nature of its simplicity, is a preferred way of processing in
the CD/DC 913.

25
FIG. 9B is a block diagram of the equalization receiver configuration 900B for
implementation in an equalization receiver in a mobile station according to the seventh
embodiment of the invention. The equalization receiver configuration 900B includes a
code generator 904, a reference timing source 907, C multiple TAMs 909, C multiple

30  despreaders 910, and a multiple short equalizers and combiner module (MEC) 914.
The C multiple TAMs 909 are connected to and receive input from multiple antennas
that may employ oversampling. The code generator 904 is connected and provides

input to the C multiple despreaders 910, and may be connected to other modules in the
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clust &P aRHydeg ngUs i} ihed with reference to FIGS. 5 and 8. 25 The C
mul ti pl e despreaders 910 then using the spreading codes allocated to the
nobil e station despread the tine-aliﬁﬁed signals. In the MEC 914, the
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structure as the conventional equalizer shown in or the like
equal i zation architectures, but with a shorter FIRfilter length G and are

provided 1WAl b SAIR) 963 £ EAGR ) doTBNIS TAM(C-1) 909C, first align the

received signals based on reference timings provided by the reference timing sources

907 to provide time-aligned signals. Each TAM 909 is provided with a unique
20  reference timing by the reference timing source 907, which is determined by the time
delay parameters of the resolved rays as described with reference to FIGS. 3 and 6, or
which is delayed by a fixed or predetermined value as described with reference to
FIGS. 4 and 7, or which is determined by an intelligent cluster analyzer as described
with reference to FIGS. 5 and 8.
25
The C multiple despreaders 910 then using the spreading codes allocated to the mobile

station despread the time-aligned signals.

In the MEC 914, the time-aligned and despread outputs of the C multiple despreaders
30 910 are first equalized and subsequently combined, the output of which may be used
by a signal detector to then recover therefrom data symbols intended for the mobile

station.
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]_z‘o /T c_|+kG as described with reference to FIGS. 4 and 7, or x(n—u,), where the
20 reference timing u, is determined by the intelligent cluster analyzer as described with

reference to FIGS. 5 and 8.

The advantages of the foregoing equalization receivers according to the embodiments

of the invention are manifold. In particular, a conventional equalization receiver

25 employs a conventional equalizer to equalize the overall channel response, and thus
‘ may fail to work for large delay spread environment due to much noise increase,
divergence problems and implementation difficulty because of structural complexity.

An equalization receiver according to an embodiment of the invention, however,
operates by dividing the overall long delay wireless channel into several short delay

30  subchannels, with which the IFI and MAT are suppressed through short equalizers for
equalizing each short delay subchannel, and path diversity is achieved through the

combination of the outputs from all short equalizers.
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calculate the equalizer coefficients for the short equalizers, only the inversion of single
6x6 matrix is required, which further simplifies the computation.
20
In the foregoing manner, CDMA downlink receivers that suppress IFI and MAI,
employ a simple receiver structure, and apply a fast convergence algorithm for
addressing the foregoing problems are described. Although only a number of
embodiments of the invention are disclosed, it will be apparent to one skilled in the art
25 in view of this disclosure that numerous changes and/or modification can be made

without departing from the scope and spirit of the invention.



10 a code generator for generating a set of common and dedi cated codes
relating to at |east one comruni cati on channel using the output of the

cel | searwtensesopl urality of equalizers for receiving thecw@igemner at or
out put and equalizing the received signals in the plurality of

subchannel s, wherein each of the pl u&tal ity of equalizers includes a

pl urali ty(fgf, filters wherein each.of”the plurality of filters 15
corresponds™™ each of the plurality of subchannels wherein the | ength of
each of the pl ur abdet yivizfonf nlittiplesadcsss | desaink trb@ivet Her pewglidy eirelesach of the
plurality of subchannels.. 2. The receiver.as in.claim1,_..wherein each of
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is the | ength SPIMEAEYOf sthsBansels, Where 66%/11 %%Eﬁa%ﬂﬁggoﬁrﬂg]ﬂlfegw e nunber of
the pl uralgdymebagubgibannel s. 30 4. The receiver as in claim3, further
conprising a time alignnent neans for _perfornming ti al i gnprent. on one of
the output frof $HeSGIER 9T (pceying gigppls zigy theapiyra 1%QPEBE@F‘8@EE%‘?%MI s in

the pluraliding msHachHA RIS IS RiiAg Whenn! | me al i gnnent is performed on
the output fromthe plurality of equalizers each of the plurality of

equal i ¥ers is proods eaaragrier genemiitgrese of eramer 2t AidirgiefsPISpeR®E on, and
when tinme W0 034 Q81 3MndRtchfic 61%@9&% théﬁuﬁﬁﬂ&ﬂ{éﬂilaﬁ séaschegr f ormed on the

received signals the plurality of equalizers equalize tine-aligned
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each of the plurality of subchannels.

2. The receiver as in claim 1, wherein each of the plurality of equalizers is

20  provided a reference timing for operation.

3. The receiver as in claim 2, wherein each of the plurality of equalizers is of

length G determined by:
25 G2(L-H/(M-1)

wherein L is the length of one of the plurality of subchannels and M is the number of

the plurality of subchannels.

30 4. The receiver as in claim 3, further comprising a time alignment means for
performing time alignment on one of the output from the plurality of equalizers and
the received signals in the plurality of subchannels, wherein when time alignment is
performed on the output from the plurality of equalizers each of the plurality of

equalizers is provided with a unique reference timing for operation, and when time



the outputs fromthe tinme-alignnent neans and the plurality of equalizers.
15 8. The receiver as in claim?7, further conprising a conbiner to conbi ne
the despweamb/oewoputs fromthe despreader. 9. The recei verrcassdoa/oaloai m 4,
wherein each unique reference timng is dependent on the operation of a
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4, furt her CHEFULETHE g%*?ﬁ?@?ligent cluster analyzer, wherein each unique
reference timng is dependent on the operation of the intelligent cluster
anal yzer ggerei the.intelli%en cl uster analyzer.divides 1 he regeived
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as in claign 12,1hehedeicn aé e clalh 8! hir@8Néongiridmb el dAPRhIFES dedpttali IS

determ nes the lLength of the plurality of filters according to: 5 Ml ~! P(Q
+d - 19 geebied opipps fiopkthe comRReTof the at | east one ray cluster and Qis
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14. The receiver as in claim13, further including a power-delay profile
estimator 7-f or TB8aecsiver signicken Jolvsthergemaisipg afdespecader to espygad epess channel .

15. The r i i >l alLf i jr j cluster anal yzer
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generates each unique reference timng, nes the nunber of the
plurality of equalizers 15 and length of the plurality of filters using

the poyer -gel ayypr r%eﬁxle? ani'%tcThﬁT:H‘"f, GRS %om%ﬂﬁﬂ?%l coﬁ%ﬁdeﬁ{s%&%ﬁ%e L power
delay profile estinator. ) e’'recetver as tn clarm 15, erein the
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9. The receiver as in claim 4, wherein each unique reference timing is dependent
on the operation of a path searcher, wherein the path searcher performs a search for
20 multiple paths by which the at least one signal arrives at the receiver using the received

signals in the plurality of subchannels and generates each unique reference timing

therefrom.

10.  The receiver as in claim 4, wherein each unique reference timing is

25 predetermined.

11.  The receiver as in claim 4, further including an intelligent cluster analyzer,
wherein each unique reference timing is dependent on the operation of the intelligent
cluster analyzer wherein the intelligent cluster analyzer divides the received signals

30 into at least one ray cluster and generates each unique reference timing,

12.  The receiver as in claim 11, wherein the intelligent cluster analyzer further

determines the number of the plurality of equalizers.



20 terra ins, typical urban, or equalization test nodels. 17. In a code
division nultiple access downlink receiver, a nmethod for providing

Wi rel ess wanoswaioati on via a wirel ess channel between a basa/steawi@ms and a
nmobile station in which the receiver is inplenented, the nethod conprising
the steps of. 25 providing a plurallkz of subchannel s whereof each conveys

at | east aone si naI received I % Q%sﬁ-ﬁé%ﬁhﬁgdufaﬁﬁrv&ﬂgwMS'”9 a cel

sear cher %gnal i FeTHE ﬁfural annel rievi-ng therefrom
a conmon qmm&rﬁahamhﬂghémngh@embmm¢m¥nﬂﬁhmuwmmﬂmgua code generator a set
of common and dedicated codes 30 relating to at | east one comuni cation
channel using the output of the cell searcher; wusing a plurality of

equal i zers, for ¢givjyng the code generator output and equalizing the
recei ved S|gnaf§§|n the plurality of subchannels, wherein each of the

plurality of equallzers includes a plurality of filters wherein each of the

plurality of C ) to eac f th ural i.t ehannel s
WO 03/ 0613 %%/% Blg%%stﬁ)%%q cfn&rz}yg rlag% the'fm‘mm mc}‘antnﬁfe3 plurality

of filter Seigh tedfiagho thbafledshend egudier. of each of the plurality of
subchannels. 5 18. The nethod as in claim 17, further conprising the step
of providing each of the plurality of equallzers wth a reference timng

for opegatison. 1h8 reckher MMQmaB FuRthed atlodibg a gowet-iedy pofiferdstimgr t he step
of deternlnln the length G of each of.the ﬁlurallty of equalizers by: 10

G __>(L - 565P%anﬁypﬁﬂﬁﬁ@Pﬁpﬁﬁ'%“@%%WF@ﬁﬁf 298l one” of the plurality of
subchannels and Mis the nunber of the plurality of subchannels. 15 20.
The nethod as in claim19, further conpr|3|nggthe step of performng tine

al i gnment Wsi ngheirerstvar pyirHE M hereribs fueldgent ﬁlésta&“ﬁlweff%%?ﬁf%e
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subchannel s, tinme alignnment is perforned on t out put from
the pl uf al dndylewgth o kg Pleeality ef&iesfusmaehe power-delay profile of the wireless

channel estimated by the power delay profile estimator.

16.  The receiver as in claim 15, wherein the power-delay profile estimator is
capable of estimating power-delay profiles of the wireless channel relating to hilly

20 terrains, typical urban, or equalization test models.

17.  In a code division multiple access downlink receiver, a method for providing
wireless communication via a wireless channel between a base station and a mobile
station in which the receiver is implemented, the method comprising the steps of:
25 providing a plurality of subchannels whereof each conveys at least one signal
received from the base station;
receiving using a cell searcher signals in the plurality of subchannels and
retrieving therefrom a common code relating to a cell;
generating using a code generator a set of common and dedicated codes
30 relating to at least one communication channel using the output of the cell searcher;
using a plurality of equalizers for receiving the code generator output and
equalizing the received signals in the plurality of subchannels, wherein each of the
plurality of equalizers includes a plurality of filters wherein each of the plurality of

filters corresponds to each of the plurality of subchannels



20 plurality of equalizers is provided with a unique reference timng for
operation, and when tine alignnent is perfornmed on the received signals

t he pl ur ahiaosoeidoequal i zers equalize tinme-aligned recei vats@aab®oand t he
plurality of equalizers is provided with the sane reference timng for
operation. 25 21. The nethod as in chgin120, further conprising the step of

conbi ni ng usi n &reigg{mg%}%eﬁ oPBRKQF tle 19%11@%%1&{&%%%% mqugwn”em

means and the p urallt¥ equal i zers. 22 The ne as in alm 21,
further covferehsefiibe plmelitytod pubshangelspr eadi ng using a 30 despreader the
conbi ned outputs fromthe conbiner. 23. The nmethod as in claim19, further
conprising the step of despreading using a despreader one of the outputs
fromthe t13re- dlhiegratimdtas edaim i firthéereopiptisiag theystepfof pegidalg caer of.tha\D

03/ 061301 . . . The.method as in claim23, further
conprisindﬁ§%g§gﬁgégggg§gg§?ﬁ?%ﬁmwﬁgyﬁﬁgéo%%ﬁcPher t he despread outputs
fromthe despreader. 5 25. The nethod as in claim20, wherein the step of

provi di ng ch uni reference timng i s .dependent t he operation of a
path searc ér,fﬁﬁe %ﬁ%i?%glSaPh?&ééﬂb%%@Fmﬁngg?hgﬂ&°§5§F€Wﬂ?§ﬁﬂ%u|tip|e
pat hs by whagthGtdfeadtofliegdiraimer sjughets 3t ri ves at the nmethod using the
receiVﬁg signals in the plurality of subehannels and generates each uni que
reference timng therefrom 10 26. The nethod as in claim 20, wherein the
step of prowdi+g/(@ach unique reference timng conprises the step of
provi di ng each uni que reference which is predetermned. 15 27. The mnet hod
as in claim?20, farther conprising the step of performng intelligent

S a ; rars : Li | | . ' ach uni que
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i
reference timng Is nt on t 0
anal yzer thhplnelity aflsebohannslsl i gent cl uster anal yzer divides the received
signalg;into at |east one ray cluster and generates each unique reference
timng. 20
20.  The method as in claim 19, further comprising the step of performing time

alignment using time alignment means on one of the output from the plurality of
equalizers and the received signals in the plurality of subchannels, wherein when time
alignment is performed on the output from the plurality of equalizers each of the
20  plurality of equalizers is provided with a unique reference timing for operation, and
when time alignment is performed on the received signals the plurality of equalizers
equalize time-aligned received signals and the plurality of equalizers is provided with

the same reference timing for operation.

25 21.  The method as in claim 20, further comprising the step of combining usiﬁg a
combiner one of the outputs from the time-alignment means and the plurality of

equalizers.

22.  The method as in claim 21, further comprising the step of despreading using a

30  despreader the combined outputs from the combiner.

23. The method as in claim 19, further comprising the step of despreading using a
despreader one of the outputs from the time-alignment means and the plurality of

equalizers.



28. The nethod as in claim?27, wherein the step of performng intelligent
cluster analysis using the intelligent cluster anal yzer conprises the step
of farthewaodstoerwini ng the nunber of the plurality of equall/SB®00025 29.
The method as in claim28, wherein the step of perfortning intelligent
cluster analysis using the |ntelllgg?t cluster analyzer further conprises
the step furthe t 1 b filters
accordlngQ%o QEQ %lg%% B Q" B% mﬁgg%PﬁH%HFEEPﬁéaﬁﬁh%%¥ﬁ%:n%he at

| east one ursaggamoumrertlawp@adgumh@ﬂmhmdmmmnel length relating to the
at | east one ray cluster. WO 03/061301 PCT/ S&3/00009 40 30. The nethod as
in claim?29, farther including the step of estimating the power-del ay
profil e5 of2% he "Ehiermbtbsek as hansleim a8, wgerainpﬂm/eﬂ”cerdef epyovp)diog icaeh esigierat or. 5
31. The mef, , erein erf el I'i gent
cluster ana en%%r%ml ep?lndsll’lt V\@ i°§éh o ? us agdri) sgar]{%t GYZel(F)er?l %h%?ﬁ conpri ses
the steps @ﬁrch@@lﬂomislmarehﬁh numuqﬂpmﬂrséiye;ﬂeﬂnthe bt leashione sigd] dgtesraim ni ng t he

nunber of the rality of e zer s an uralit

T er s ushhgiod Biecie dseoh Siebfis F B PhenEY i Aufbattfy Biefonty | mt e by
t he power ea&l@mdq\heayfewneétlmmgelsdrefmﬁor. 32. The nethod as in claim3 1,
wherein the step of estimating the power-delay profile conprises the step
of estitrat i ng. power -del ay profiles of the wireless channel relating to

hilly terrzins, TheyRk®ad adriBaglain0R0.eHHEtinZki G b€ Jrowidideledch Lbique

reference timing comprises the step of providing each unique reference which is

—

predetermined.

15 27. The method as in claim 20, further comprising the step of performing
intelligent cluster analysis using an intelligent cluster analyzer, wherein each unique
reference timing is dependent on the operation of the intelligent cluster analyzer
wherein the intelligent cluster analyzer divides the received signals into at least one ray
cluster and generates each unique reference timing.

20
28.  The method as in claim 27, wherein the step of performing intelligent cluster
analysis using the intelligent cluster analyzer comprises the step of further determining

the number of the plurality of equalizers.

25 29.  The method as in claim 28, wherein the step of performing intelligent cluster
analysis using the intelligent cluster analyzer further comprises the step of further

determining the length of the plurality of filters according to:

MG = P(Q+G-1)
30
wherein P is the number of the at least one ray cluster and Q is the maximum channel

length relating to the at least one ray cluster.
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40
30. The method as in claim 29, further including the step of estimating

the power-delay profile of the wireless channel using a power delay profile estimator.

31.  The method as in claim 30, wherein the step of performing intelligent cluster
analyzer using the intelligent cluster analyzer further comprises the steps of:
generating each unique reference timing, and
determining the number of the plurality of equalizers and length of the plurality
of filters using the power-delay profile of the wireless channel estimated by the power

delay profile estimator.

32.  The method as in claim 31, wherein the step of estimating the power-delay
profile comprises the step of estimating power-delay profiles of the wireless channel

relating to hilly terrains, typical urban, or equalization test models.



