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t he st andar ;4@ 0s¥veédtiohhe third generation partnership project (3GPP). IS
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station (BS) to a nmobile station ( makl ng downl i’ nks the dom nant
traffic |inkKCDMA)sgstoms.el ess Internet domain. This situation is also 20
true of other data transm ssion applications, e.g., wreless nultinedia
communi cations. Therefore, it is inportant that the performance of
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30  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.
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FIG 1 shows a bl ock diagram of a conventional CDVA downlink transm ssion
system in which all downlink spread signals in the common channels CPI CH
102 and CCPCH 104, and the various dedi cated channels DTCHs 106 are sunmed
ﬂd transmtted as a 25 transmtted signal through the sanme wrel ess
channel 107. This transmtted signal is then received by the respective
nobi |l e stations as a received signal using a CDVA receiver. FIG 2

i1l ustrates @nlhadatich aﬁﬁﬁdra Qfocﬁéﬂ)tbhﬂ{m&ﬁﬁ\é&ﬂbhm@tef@% Smliak
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dedi cated d mhll ondi. read signal is
mul tipli ed naii’?fg“ {#ﬁ]éc%a}% @qugﬁeaé’fci% 'Sé?’aé‘ﬁ%ﬁ?(gx nunber. The
di fferent beamc orm ng wei ghts are chosen such that the spread 10 signal in
each DTCH 206 is transmtted to_each correspondjn ile station while
linmting anyslt%ﬁalfl&"@mo@ caaqym%ﬁ Wmﬁﬁ’ﬁh iR Eé"@t’ tiediy allThe
beanf or mer qrdUAY kGtibseRRASHe LTI sedt, AE Bath BRMIORRLMREA BY tRsEMMdaer 212,
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arrives at qn%oaeawey@d by efﬁpa&t*flﬁlal@@ﬂ’s%ﬁl@%@x&d&@ fcm&tﬂah{%uﬁ% RAbbign through a
different wireless channel or exa , a Wreless channel 207B provides
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nodel ed ttering (WSSUS) channel.
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signal arrives at a nobile station toget her with several ti me-del ayed,
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non- sel ect i viaGfadidigites BBHIR Biab@nT2B6tHELonVIMMECDMA déWRInR tlafisniiBiich t han
one resolved ray, the wireless channel is called a fre uenc(il sel ective

fadi ng chanriéptem A whish disespsadisiseativa thesoamps chpmpels (FICH €CBeHEZPHNn
enpl oys a Rakesmandd aitstrat&mﬁ%ro%@&tﬁénﬁ@m;gaa thhﬁgm%a%@scth%mtm obt ai ned

fromthe del ayed rays determ ned by a path searcher. illustrates a

bl ock di #gr awhlbftheaspe@ﬁmmlu%hétdlqaép&iethmébWGH 286,001 wa@zphdﬁ%(%?%ﬁ ion for
COVA downl i nffrive8 GBPLIrR onzmg CTRER rERhel géstraég%s hﬁtﬁﬁéﬂ%ﬁsnﬂu&ﬁé dénaﬁ ear cher
302, a code generator 304, a path searcher 3 a nunb readers
308A to 308Nhrosglowbtlaschamel 209Rdeeauss ofith¢ usgef eb@a@rfomez BF((H tm&premdtxe
receiver 300 the cell searcher 302 receives a received signal and any tO
corresponding ray froma CDVA base station, and retrieves therefromlong
scranbling codes relating to a cell or sector in which the Rake receiver
300 operates, and paraneters relating to cell and frame synchroni zation. A
typi cal paraneter relating to frame synchronization is, for exanple, tine
delay information relating to the first resolved ray. The code generat or
304 by using the long scranbling codes retrieved by the cell searcher 15
302 generates a conbi nation of |ong scranmbling codes and short
channel i zati on codes known as spreadi ng codes, relating to the conmon
channels CPICH CCPCH and the DTCH dedlcated to the nDblle statlon The
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2s searcher 306, and then coherently conbined with the aid of channel
estimates for each ray obtained frompilot synbols enbedded in the
correspondi ng DTCH or CPICH The signal detector 312 then recovers fromthe
Qut put of the conbiner 310 the data synmbols in the nobile station. 30 There
ate several disadvant ages associated with a conventional Rake receiver in a
nobi |l e station for CDVA downlink reception. Firstly, inter-finger

i nterferenceanftd fgand268 bOLIMIEDMIRBSWRINR PaGkRiibsh sFSEmETHoWinh BighT GRS S,
i nterference (I\/AI) due to other nobile stations are jnherent in the Rake

recei ver. SEEBRUINGY: WERAING BIRSFSSEONE FasTied it ppiFleleng Ferephimedsdit Mk syst ens

i nvol ving t Regnidfedt@ cdrbi ®ehll mobfe ANRLAF R HIRIaML Eiesk LAVEhnddholtr ansmi tt ed
signals to nobile stations within the sanme cell or sector is required to be

the sanme, northaganakcodedChier))-icadh crfdﬁvqhés uRigyq 18 gachotieconparicatign ghanpgly  anay
f.rom t he asg: Syl dSofANRASbO IRl 0 flshedi0l CihtfGfEn and
degrades t he nuf capacity f CDMVA downl i nk systens. On the ot her
hand, the p@h@@ﬁm’éﬁmdﬁe resnsctReglsprendsigialse rln gedPMaplomabinlomansméssiagcur acy of
t he path se r [ T A t give
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essential ly caused a whi ch
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per f or marice s@anﬁ)mhdmm Qﬁtﬁusttmanmméstslemisqoneqmedmgzrrmbﬂehsaatxoprvmlrlede for
suppressi on | FI _an Because .tran tted. 15 si | s

it ended 1 or s 1 Pt el Pl BRIY iR SRLRGGRT  PleciEtrime L HER
channel i zat i fevin e4eH @TGH 2060dré ﬂt@@@@ﬁﬁmed&fj(h doinbideez W, theloagpatsof shivh lard thernl

frequency naon-sel ective fadjng channel, ta. 0 .ma be recovered at
the nobile dJfERPPERSUTIREBUILGP {el gﬁen ﬂg %S%tgg?‘*@f 4epPle%der . Wien the
del ay spr ea%ebﬁfdmﬂéx@%aclﬁDfrCHm@ﬁﬁéadssﬁérﬁﬁirhv&; at aDMIA ehtenBeh thy be
transforned into a _frequency. non-selective fading channel through channel

20 equal 15zatseBrsPondiag wpbilestation Spugh achitferprtvitedeshchspidhobiY saPlBe used to
restore the ME&]&@Q}%%'MB ?iovsdaethﬁb%m&%n%mbm%&%mg@galcodes and

to suppress 1Fl and shows a di agr am of conventi onal
equal i zat i orporreip@nd;@g tod@T)CHW) a0&fpisitapsmitiedsfrom ithsrbaseottatiopimtbg GRN A nk
transm ssi onecJae conventional equalization receiver 400 includes a cell
searcher 402, a code generator 404, a path searcher 406, a despreader 408,
an equalizer 409, and a signal detector 412. In the equalization receiver
400, the,gel f %]-qul iR SHshen recei ved
signal s Uogl n%he?ruelﬁg}%ﬁ%a iﬁ%‘éé\%&gi%ﬁﬁt}‘ a%rglglndg’r%p oy 1oversaaerrp ‘i%%g ang any
cor r espondi repticaysd 2 sablile wdtioncand 8 witedasethaoma! isthge®urwetbinpdedpdoadesde-el at i ng
to a cell or_sec in which the eqguakh ' r L yer .af es, and
par anet er s (5§ sgtlea%onz*r%uncorrFlated acatte ga(lwgﬁsﬁ)%ﬂanngfel\h Ve C]ﬁ\qg RBELH

transmission system shown in FIG.1, a transmitted signal arrives at a mobile station

together with several time-delayed, amplitude-scaled variants of the transmitted signal
25 which travel along multiple paths in the wireless channel. The 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 7,
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

30 [r-T./2,7+T./2]. Ifthere 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. A conventional CDMA receiver in the



fl ame synchroni zati on. The code generator 404 using the |ong scranbling
codes retrieved by the cell searcher 402, generates a conbination of |ong
scranbling and short channelization codes known as spreadi ng codes rel ating
to the common channels CPICH, CCPCH and the correspondi ng DTCH required by
the equal i zer 409. The path searcher 406 then using the data synbols

i ntended for the CPICH the |ong scranbl4 ng and short channeli zati on codes,
and the recehbfd sahiceploysRITQkE 688bihdt% tdHeRnAEtANbiRAha IBHRAS Ol_QEut§ ever al

rays with largest received powers. The equalizer 409 is described in

great er det &Pfingg frgmthe dalayigd eave detppnupeddy agpih s2ich@ir e are 10 M physi cal
channel s obtained using nultiple receiver antennas that may enpl oy
oversanpling, each channel having a linear nmite inpulse response (FIR) h~
(n) with mati@dilegantsya hochdipgrammsp conyentinnal Rake secemer 308ym apiobile sition

physi cal schagneberainific REGHEHEIhd kikel:Qdivel S fles AULELARRMODPUL -
over-sanmpling , or via two receiver antennas, each o Ich employs 2-tines
over - sanpl i rgde geBetrior BOre a pathabdrcher 3UD4 numbgsoé despreaddrs 308date 3PBIR & i | ters 502,
g= () eachoGRLr HPARTING.I fuRpBYSi cal channel with response h- (n) .
During operation, a tecel q Si gnal received via a physical channel j is
passed to into a corresponding FIR filter 502 of |length Q thereby producing

a filtering,out . A .si | . combi ner 4 then sunms the qutput from each
BIR 2001 14 Bk pehBordDR e GO er 308 O R e dEn g A g by e
despreader 406fespbuliny iay Gomc:oEDMACHeNS18tidnS Al rethietdlehebeftomt long scrdi@lingay be
e ot 5 S b B e LS8 S He D e
i(n) and dehél?t@fk t9 ¢l ?i_altf_rdﬁfe s@h@Thrcsrﬁ@fihﬂ.eek @ﬁiﬁmhnzglg(eﬂrdatm ta frz;lﬂri]lﬁre ? is
nown as a reference tjn ng. e .path searcher rovi des the reference
Lim ng 25 r SHRATTARFALYR Brier SmaTS BF dalps : W’Sb@?gio@t%gfs“rfﬁ%ﬂ%féwf eader
408 t hen desyheeadiSzehéifioP sd4mitus@y thd1BnEHAhiIAE todtd FettiSicl By tHRQ el Ragdel N
codes allocated to the nobile station. The signal detector 412 then
r ecover s!5f r GH? eereTETembERtiehef lergsssraabiieg colgBanfeshart shampelizationfodeded f or
the nobile 4%k Qspredfing cGRREERLINY 10 thQnithdidafels@t eabeanndBichods have
been proposed, nanely chip equalization and synbol equalization nethods.
The chi p equalGh dediestedrie theardili pletiend el hepathisersehier 301 theryesing dagy ymbgls ( ZF)
equal i zer a 1 : : er the
transm ttedqgﬁelgér\%g:%orﬁﬁétjg%%h}eg& gﬁ%nﬁgjlhﬂgggfsgtgﬁ %Eb?)gglhzgﬁt l?tggséélg{:@ééqui red to
5 work wel | regeived wigsalgprayideschaians delayaparangtSNe sererali reysrmintargestespoed al |y f or
highlyladed%Dl\éﬁ i.n t T inbhth Lithmy ,which is a
modi i cati of Of 't %‘g{?\ég;%keﬁégi%%qEg?%esfrg%égjgﬁéé{;?ﬁb?nlhgl?gés Fseggclzlt o recover
overal | tr amnedmivet egnas gnatay-byreebasishwing thet thirisvatspivading eddataliscated tathiei gher

wor ki ng SNR, _t.he r f ornpnce ereof . _however,. depends on opd the
channer oot T EBERLSTROGRe SR FlimoBRRERY O SR Rearheri M, 99RE | 0 base
stations, thembpeeiid, tidapread butptiecoGRYpohllihg totdacinsetactetl edy ehtingghha physi cal
channel differen .frqm anot her ghésical céglannel tranﬁg}ita%n t he spread
signal i nt edBEH<f siendlisipGpigied B7its g ippdelay piaRcEohred Bxfedates based on
the spread segtiahk 306) ahdthefit8Hetdnfy Corflsthedaif the aidlof chanhelleht@nAédror edbrpg, t he
channel estimates base_tjo'ton t he rmgi le station's I?ﬁilgi cat ed Pi | ot synb?l S are

not accur at PfsA FoREPIof sTKhals qrahgddrd fhercarespardingB ¢ | of CRIH. 4 fhespigna

correspondi nteblbikt J therdMeedvelaRifnethe bBPBt IR QhidIeP31078e dath Sl inkeere is
limted application of Giffth's algorithmin CDVA downlink systens. The

synbol equalMeaeis¥HOhet hod i s based on the nininization/ maxi m zation

(M ni -Max) equalization techni que, which makes use of the spreadi ng codes
allocated to a nobile 20 station and ot her which are unused spreadi ng codes
in a cel}0 orThsearpieverghdisadvanitagonscsecaiethv e conyenfipaal Rake racpizerdn pmobilon ¢ hat
W th perfectyd i i i US| 1 i lon's

spr eadi ng coséaésgn gﬂﬁ%ﬁﬁi&g@%ﬁg%ﬁggﬁgﬁkﬁ’ lg?g? ?%etrr]'lﬂger%%gé 9;5%%% lso, whi |l e the
result of despipaipiepagatomandimatiple acscess intprierartic (M Adbdisdo sthetrnebilgetations .
Therefore, such a technique involves the generation of equalization
coefficients by mnimzing the 25 total power of despread outputs based on
t he unused spreadi ng codes, and naxi m zing the power of the despread out put
based on the nobile station's spreading codes. This technique is limted in
application when the nobile station is not provided with information
relating to the unused spreadi ng codes, and when the CDVA downlink system
is fully I oaded and therefore there are no unused spreading codes. On the
ot her 30 hand, the performance of this nmethod depends on the strength of
the transmtted signal intended for the nobile station in conparison with
the transmtted signals intended for the other nobile stations. In fact,
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transmtted signal intended for the nobile station is weaker than the
transmitted signals intended for the other nobile stations. Alternatively,
an adaptive synbol equalizer is proposed, which applies the m ninmm5
nmean-square-error (MVBE) optim zation criterion and uses the data synbols
intended for the CPICH as a reference signal. The adaptive synbol equalizer
updat es equal i zer coefficients by mnimszing the difference between the
equal i zat i onredHhdett $n AB RakdWRcdiidr ChbdadI, wheRpaler défiréids a@ﬁe&&twmat i on MVBE
criterion, and equalizes the transmtted signal intend for the DTCH
corres pondl WPb‘ﬂ‘asYﬁ‘B’E?F fnvolyingithoRakggecstyer the ayermes EaisRitied gpwer of

coef fi ci ent grandhitisd AEtaNQH rﬂo&l@&{a‘t‘ﬁﬁnﬁ)%‘tﬁin the Mlchﬁame@m;Q&ec}ullr@@fo\@rtwé ng
envi ronments. However, when downlink beanform ng technology is enployed in

the base st &8Memo maer whather hermebiils siaronsiaee ciyse GrPralavRITEraaihe basestatinnt t ed

through diff W

equal i ze? cggl:‘isﬁa&csiegﬁ%éﬁ r?@rj Ce?ﬁ&@%%es@anb é&?weﬁ‘?}“‘a ggﬂ %%Eélgpd) eoretically
di fferent frdownlitiotystemsr On e odteer harsly this pbrdormandetnd tITRAMe reCpivarlsotiepaidher
hand, when tj 0 I I: h d| fferent
transm ssi onqlg&vge%‘gr?% yd}rtrl%“lt%g{d‘& %"%erﬁl ﬁg&gkiﬁ%w V\Ilfllﬁtl nlk élglg%:ra thannel S,
and t her ef orgivetahgosd Estintatien oﬁhmdwy&tthupﬁfmgnaﬂme oﬂﬁneaalemv;bmes degradeke CPI CH
as references.si Q]%ls for updating the equalization coefficients is not a
practi cal sOfIt 8N for DTCHs. 20 There is therefore clearl y a need for

i nprovedior ecei vers such as Rake and equalizer receivers for CDVA downlink
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aﬂd [ nhpart lcﬂu{narwnli Qrarg’tc‘d@la9‘épﬂagi sxfhvwrgs ﬁﬁﬂdd%&,freﬁ@d&aﬁkzdlf}ége@ﬁdmgemEﬂt and
t hroughput incre ) ownl ink transm ss 5 Summary In

accor dance W'#He f‘PF ftodg‘ﬁg’é’f’ Cll‘?fpe’ﬁ ﬂ%“ai“?*ﬁfg\rﬁsmﬁz do&’nk’é}ﬁ'éa”din\‘/sﬁ@ll n mltiple
access downlbdakers@RaipHsidel for fpSessidad 1F1Qhd MAVGrhdeedM BEJagsSran@RmEdi cat i on
bet ween a base station and a nobile station in which the receiver is

i mpl ementded.Signpls intended %@O@S%ﬁf“i“%’é?e@éiﬂcéf%’éﬁly gakiplened andghe shaprsligatioy at

| east one sigaalard 6&6};&1&? aﬁ@ﬁ%&%ﬁélés@@hﬁﬂd i§ @Frédu%%{dy%nls%étﬁferféﬁ?%ga common
code relating to a ce a code generator generating a set of
conmon and dg@nﬂé htlata sm‘ué%mmebeaneﬁwgregét the MOé%%tatméfrewﬂﬁh@r@d‘ﬂﬁbmmnnel
usi ng the h I S a
first path ssge}glsrlgﬁésp &%dér r%g%g:ﬂl\?l(%g@tﬁ@ﬁm 1%%:&% g}g%eglge%a anggg%dp ?%rm ng a
search for rmtheptansfpemadsntpy fighianhy néresedgctivefading Qh?emdltbm@gh fémme‘bes at the
receiver, %ﬂuﬁﬁgﬁ&c }n%foré %han%@l”e ﬁillz%nqﬂétﬁnds%ag%% udd tg?e%ﬁﬁ
conmuni cati o annel” Trom’t east one si e out put of

t he code genethagmmlimnd i EEH,fZRIGHed CCREH. spteladlag cm)iesta,n¢ ® snpprhssdFsadond
aspect of tl}& inventl on, a code division multiple access downlink reception
met hod is descrl bed for providing wireless conmuni cati on between a base
station and a nobile station in which a receiver enploying the nmethod is t
0 i npl enent The ne d,conpri.ses the steps.of receivi usi a cell

sear cher at %qg’éj'ss?’o‘gﬁ%{)@’?lbﬂlﬁ? S ACPENpa ke qgglgf‘{l%}fe‘éeﬁ%f’r 4@?}’\ aelmr’lﬁlﬁ t her ef rom
a conmonzscodative IfatcimgAtd@wahﬂetlrdnsmaﬁndn gﬂﬁbecroabénﬂgnansdmwzamoﬁ@aewgemr ator a
set of conmmon & d de |ca odes rel ati ng Ieﬁ%t gne com'(ri'un' ation
channel usi nfli4r&28 iﬁﬂf“ 409 ool BTG AD e Pt g derrsep b‘k%n ses

t he steps ofanreq@zﬂizyﬂm d;ﬁlarg@ngufeteeﬁupgath searcher the at |east one signal
and 15 performng a search for multiple paths by which the at |east one
signal arrives at the receiver, and canceling using a canceller data in the
at | east onepQRERAIAR @&nfehadsm%e el 9 dnBR4ALredeRRS FroRRCIIMANRIwnRAIE €D ON
the output of the code generator and first path searcher. The nethod
further ¥onpysiemseceived sigeaisusite mubiple ontagnas Siahganemelgyararpaplingedsay put  of
the cancel | %n@srzbqnmg&yg%n@mmes s eglsaamhﬁg&dgwemh a dell%r
cancel l er, and 2o recelrving usin der the out put o e equali zer
for despr eacﬁeﬁgr mﬁ@lmb?)muab?fatlmh@cgwépg meateSBplil(bﬁar@e%m relating to @l amfhe

Drawi ngs Enbodi nents of the invention are described hereinafter with
reference to the drawings, in 25 which: FIG 1 depicts a CDVA downl i nk
transm ssion systemin which the sane wireless channel is used for

transm ssion; 30 FIG 2 depicts a CDVA downlink transm ssion systemin
which different wireless channels are used for transm ssion;




10 FIG 3 shows a bl ock diagramof a conventional Rake receiver; FIG 4
shows a bl ock di agram of a conventional equalization receiver; 5 FIG 5
shows a bl ock diagram of processing units within an equalizer nodule of
FIG4, FIG 6 shows a Rake receiver applying comon pilot/control channel
cancel | ation accor di ng to a first enbodi nent of the invention; 10 FIG 7
shows a Rake receiver applying common psl ot/ control channel cancel | ation

accordi ng t farfe S$R6RBRIzATBRO TheBIle gBherdthie ol MYIAR tHeQbhig stlatabliBy SdiRYFetritfed
equal i zation receiver with common pilot/control channel cancellation

accor di ng t® &e e¢ll searchsrsfd seasietens campingtiqy ehlopg serambdingjangd shprishows  an

equal i zat| Oéhaﬁﬁéi"ﬁéﬁbﬁrco&stkho@ﬁ)ﬁ@@f)?eamn% Qbdes ARt ﬁ)'@%&ﬂﬁlbn Gﬁdﬁﬁak Caidien
according to a fourth enbodiment of the invention; FIG 10 shows a Rake

recei ver appFyFHgné Sreeomespprding RERH renuitet by e lequaier 40P aifhmtm@a@b@ror ding to
a fifth enbagy tH&Nsw%fthé a4 é Etxﬁtgﬁhed 'fér(ﬁae Aliceh %@%@grgcﬁ%ﬁhg éxﬁféh‘c?ﬁ receiver

w th common pilot/control annel cancellation according to a sixth
enbodi nent @ifannqhéathmﬁedﬁs»@ﬁthezrscqwe@sxgmlsm@mesémlne ddhayrmiednictaas #fon codes

used in a couuenL ﬁ‘ll.lag%g't!reé\éﬁ?éd gygLi zation technique; FIG 13 shows short

channel i zat| on co in an rrpr oved M ni-Max equalization technique;
30 FI G 14 shows short channel i zati on codes used in the conventi onal

M ni - Nex el Lot IO Bleall S e IRLUE(h B, LhGneaYRL 22t on

recei ver of chahne Irzatioh codes
used i nitheM phpmcnlehhnwblﬂnbtbhxd ﬂﬁmphulnﬁlbIraﬂlvbmlmnwhatmiathﬁloyIB enpl oyed in
the equal i zation [ecel

e : and vi des a BER
per f or manc eo‘@fﬁ‘?ﬁ’ﬁ &g S Ei? hl?ﬁvg’lﬁsa%ﬁ‘ﬁ%ﬁ“i‘tﬁ W@&ﬁé?ﬁp%%el(aﬁ%@ﬂ g'u
Det ai | ed De]%% hxe&)e a&/ WWH)OP sa%%ﬂ]g d’x rvalsh olr Q)Ya%]tlé % %r s1ca?cl§ Qési.g mhefael naf t er

for addressi ng regoi ng ‘ne o for "Inprdved Sivers SulR 8% Rake
and equal i zathiaved el Vienisrededver Qiidbdhagievidut nker{sampllmy,s:smartwboeceaddamasjg t he

f oregoi ng pr.obl . or dj sadv.ant ages i nherent in conventional Rake or
equal i zer raa}?Bng(ﬁ@?S‘F‘pir%ia%H’ss ?‘%érs@?’{)l}n £ and in particular, for achieving
power savings, capacity enhancenent, and throughput increnment for CDVA

downl i nk transm ssj on. ] ,
In the equalizer 404, there are M linear FIR filters 502, g (n), each corresponding to a

physical channel with response # (n). During operation, a received signal received via a

physical channel j is passed to into a corresponding FIR filter 502 of length Q thereby
producing a filtering output. A signal combiner 504 then sums the output from each FIR
20 filter 502, generating a signal z(n) for further processing by the despreader 408. Equalizer
coefficients used in the equalizer 409 may be obtained, for example by minimizing the
difference, using the minimum mean-square-error (MMSE) method, between the overall

equalization output z(n) and delayed variant of the received signal, x(n —u), where u is

known as a reference timing. The path searcher 406 provides the reference timing

25  required by the equalizer 409 during operation.

The despreader 408 then despreads the output of the equalizer 409 using the spreading
codes allocated to the mobile station. The signal detector 412 then recovers from the
output of the despreader 408 data symbols intended for the mobile station.

30



15 The enbodi nents of the invention include CDVA receiver structures and
et hods for CDVA downlink transm ssion, for exanpl e Rake receivers with

CPI CH CCPCH si gnal cancell ers, equalization receivers with CPlI CH CCPCH
signal cancellers, and M ni-Max equalization techni ques applying

TPl CH CCPCH si gnal cancel | ation. 20 The advantages of the enbodi nents of
the invention are manifold. The CPlI CH CCPCH signal canceller provides a
broad spectdehganf, t@BFRHdQ@?édﬂﬁ'l%anbx{‘ﬁletﬂgdsﬁﬁv@w}x'p%BéeG%n{e'l}/ df@ke receivers
and equal i zation receivers. O her advantages include achi‘evenents in power
savi ngs, ca@ﬁ&@lzgt}owﬁammmahzaim megiodtr g hifpshin sqeplegton mpthogsanglededhe t o CDVA
downl i nk 23448 a5 DA S (ABqMIRk B YRS T i)

CPI CH CCPCH sitigngFércance_ Ier. g% orrd'%{B urtgggdal vant aoggs H%Ié?lr?g gsﬁ‘e?erent
from the t rtagkicoyay it traRstkidted sigrdl indendedifor ¢ mabile)statiams aral thwssare wquiadd tor ansni t t ed
powers for r 30

aual i 26 rone oL o el Bed ot mel 3ol Al M ol
transmtt ecCBM@ntdwnilmk s:srstsbad fI'bq: Gaffﬁﬁmlgtmthlnawmdms|asncnhlfﬁﬁat1weaﬂ<th¢ leadttan t hat
required far [ Rawer jre tin er. nohi

Ther ef or e, r{}\% S‘twﬁ afﬁ@%l O?ql? i usr?dltosreg Vg’ggvefﬁl tfzﬁsmgted Slgnalslzé st ;}fougﬁ t he
transmtt edhqsmwﬁrodfrdates toa giter WerlmtgzﬁNmmhermyfohmange thatebf ho\eehmeldpemﬂs corrpar ed
with the case invaolving th onventi qnal e rece ver |ver,

et eas ng e R il eina MBS oy han AR PESEtot s arb G oLl ac | on
schene ey Hase usids,the sprgad eigRal ilthe URPION ghpinkmidted tHieugha@ghydigthaandt at i ons.
Wth the ingrease of data rate for CDVA downlink transm ssio he M ni-th
symbol equ ff %&@O%F pl?yélcwé{hf‘m?ui“i"é’alt’f‘ H‘%ﬁﬁ?*}dt?éﬁ“?g‘ﬁ?né#}dar MG r el ess”

I nt ernet  an@néspohdift DPISHMIHuE SR MLV o ASspdd kighal il @e CPIOR! 1 city
and brevity purposes, the enbodinents of the invention are described

her ei naf t erarf AotBpligeblen Op gheertlips handathe chrsingl estimates basedqrsthe Biebile st@figgser , thi s

does not | QicR{c8k4 PS syrhs‘ol@meﬂéﬂ d@&ﬂ&é Jhe&me hehhduaPiivies ahlie ﬁ&lrgul ti-rate
downl i nk transm ssi ons usin readi ng schenes and ot her

mul ti-r&te SRYRAI swawwMﬁ@Hoﬁ@uclekir meotaelﬁl der rsplhgheiprisof a
conventi onajm; %ﬁ%ﬂb%ﬁmqml Sﬁl’tﬁM%ﬂ%thhIP psh all downlink

spread si gnal t he conmon channe CH 104, and t 5 various
dedi cated channels DTCHs 106, are sunmed and transmtted as a transmtted

signal thr Oﬂ%QB B&) eg?@grﬂgnrrﬁétﬁ&ﬁs shag Px? he 419121%25.%01@/9&)(&11221@1‘63 ﬁ%&goml i nk

synbol and respective e conventlona
transmni ssi musly@uwchﬁhmemmdemskmgsegd‘ the speeading cad8s kllopated tanthobileer e are G

20 setsa0' SRIBPARL G SARRDSHARL R GEIEN o LabaiE ROV Users (hat

share tlz*ne sale ce Br eect re are annel’'s including N
DTCHs 106, tedimiquPlsCHsellin thactit€icAGhht WGth. peffext WF ehaatiagtion| desplehdngpsig the set  of
short channel,

i.zati.on codes. Let s~~ (k) and S~~ . he dul.at ed, .
aynbol - | evarobi ol 80 P oSt Parid ety I aidliablion SR SHEIERE 100 and
CCPCH 104, thefdsicsf degdryadinphafig titainascdlspizadisg coley shouidie@umThaelotep be shared
by all nobile stati.ons within the sa or segtor. K s~~ (k)
o e eapecHi B Gi BY e B R ARy G S e b g -~ ()
cor r espendi Bl péwér Beddsilebdbukplds Bared &Qﬂé:hhlib%spréaﬂﬁ@QﬁﬂdsVzﬁidynaxgﬂlﬂﬁl@@Eel ng the
spread chip-1eve] 5| nali or spr.ead signals, x~~, (n) and _x~~ (n) , the
val ues of wWAYERoLhgdesprep P%\»@a%eéronﬁh&m ﬂf,st.a.tlsn} S%eadl%scoséesp@kwen ) =x~~(K, ;
y), x~~(K, ; @chnitue R lkmildd-im pplication wien The mobiBREtidh is T8 providéa wth
information relating to the unused spreading codes, and when the CDMA downlink
system is fully loaded and therefore there are no unused spreading codes. On the other
30  hand, the performance of this method depends on the strength of the transmitted signal
intended for the mobile station in comparison with the transmitted signals intended for the

other mobile stations. In fact, the performance degrades significantly when the



x~~ (k, G+ n, ) =x~(k, ; n, ), x—~<(k, ; n, ) =s~~(k, )c~—~ (n, ) ,
“k, =0,1,... , and n, =0,..., G -1 Let sr (k) (I =0,1,...N-1) be the
nodul at ed synbol -1 evel data synmbols, or data synbols 5 enbedded in an Ith
DTCH 106L. These data synbols convey information to be transmitted to a
“corresponding Ith nmobile station. sr (k) is spread using the spreading
codes, cr (n) , corresponding to the I¢h DICH thereby generating the

chi p-1 evel yapk:818d Signa? intSHIEE A il HEbAk station & Meaker iHag thea}aﬂgﬁm@a sighdich are as
follows for n = 0, 10 xr(k, Gtn,)=xr(k,;n,), .zr(k,;n,)=sr(k,)cr(n,),
k, =0, 1, ..intendeddorthe ether mobilgstatiqite spread signals in the CPlCH 102, COPCH
104 and DTCHs 106 are then sunmed up to generate the transmtted signal
x(n) , which is represented by N-1 15 x(n) ~ Xr (néﬂ; X~~ (n) + x~~ (n)
r=o Si nce Alkangtinelyraneadpriive conbad paunlipsy is preperd, erhichaprkgsdhaaopammosd is to be
used by L ynbol s

t ransn‘ist t éﬁeaﬁ&ﬁ%#ﬁg@&nﬁ(yﬁ% déﬁ 3%1%2 ]Z@rgfgré&l él'%l élg{sz;%ﬁe&kqbs;ymgbﬂ%tgg&?g&st ations
Wit hin thethséﬁiélfbedaremense@gml Tigradaptévesymbel equalizemupdatesxaupliveor rrati on
conveyed b f

station on eﬁic HE% Pkéglgg%—%%het% gﬂﬁ g%tg?enstﬁ%%ﬁgh&g%ﬁﬁpﬁg% or m ng

t echnol ogydabeiyn@olapphg od oatlmtzlamrtMS@Esttrmemomrmd equapzbnahutradnntmdmgnel sure

that the DICH ans t e station while
[ ¢ g angri GPEPTCRLB B nohTing b (Rl Epb Byl B MR sBfHE soac ons. 25
FIG2 idl us;teffatees Ehislnmﬂodds aguquam& appdmhﬂsleformmmmmg)mirom downl i nk

transm ssion m i n read sjgnals in and CCPCH 204

o St R PR A i Pl B ety o Gl it e P Ao P cos

E??:&?gl) ggdm syWbilsén ﬂlbe:mma&mcgrhgé trdﬂ@lélgteﬂ@ﬂrblllghlﬂlﬂérerﬁ-ﬁﬁﬁl&q)6 flor exanpl e
arrives a corre ndi ng .. separately as

anot her t r¥ARIS S 165 n'g‘FoPtHF‘?ﬁgW ﬂli%rl‘é?rég ‘E‘ﬁ%tﬁﬁ‘éflth yﬁ‘% ]g“because of

the use of achranh@inmretiBitlyQlifferbht il BARTHr tHé‘Hi@s ¥R thed®ECRf Ohot h CDVA

downl i nk transm ssion systens shown in respectively,

Fi

Spr oading (b 6BESSES wice ERTITAR Uy a7E e hedCoiamaBR A TETes (L)
whi ch are ARG vae@&ylm@mgﬂl h@mﬁﬁ@&thé?'ﬂ%wmlﬁ@msﬁzh%hzﬁﬁgﬁ #nf terdbreSeCt OF,

and short orthogonal codes (C(k;n)), each I's unique to each kt h
communi catﬁl@rfuléh‘?aﬁhvéis th?érl%nmﬂilbﬂﬁtpwrebNthhﬁ ORICH asyefosnes signalsdon r ansmitt ed
in each kt picgRal s. 1n the CDVA
downl i nk t"ﬁbzg% SSI %Msagg? g%?%&&{ﬁ %39% a%ge&zh%%&g%g i's assigned a

dedi cat ed downl i nk beanformer in which the correspondi ng spread signal is
mul tiplie Qunber. The
differ gdnt H«!’r#ﬂ%ﬁﬁ%@[&ﬁ%ﬁ&d‘%’ 1&?Lg§%ﬂe§ 18&%5%%‘3% ﬁglf a?lﬁghspr ead signal in
each DTCH 266varsfor CMAdovalthktteansaishiorcor adssgssing thedonepding probless bon whi | e
limting odig 'vé‘éte”egqernﬁe go' 'bﬁi Qof DRl &loiTROL! SeRLA QNS The
beanf or mer ST BIHESS FRERTER €& EPRER"COMDT Re y a congi ner 212,
t he out putadah pamﬁmﬂh for eclﬁdvﬁtg powansiving$, eepadiy erthamaehichiphrel throbghyna el enent s
214. Wth Ihee%%%l élgp%s(i r@l Ilnk beanf orners, each DTCH 206 spread signal
arrives at™g® BT F'??"Pﬁ‘ﬂémcorrespondl ng nobile station through
a diffesent wireless channel. For exanple, a wireless channel 207B provides
the transm ssion nedi um by which the spread signal corresponding to DTCH(0)
206A is tr3HeMat ed fromthe base station to the CDMVA receiver. 20 There

may be nmany doedrlane®&itA G e aspeetdr af ilkntich, B 98deaiidsibh nuRipd dcb@t ed between t he
base station and a nobile station, and a wirel ess channel is therefore well

model ed asdoynirkEseinetds gqsaflbeéﬁarrgrowaﬁles)wréleawa"%m@r?%ﬁee{l\n@sss’s) channel .

In the Cu%t%‘%ﬂﬁh%bﬁé ﬁﬁ‘tﬁmlﬁ%féﬁ el RhA }Ménieﬁ'te&:' Thelrecedver E&ﬂérmeé ted
S|gnal arrives at a nobile station as several tine-delayed,

anpl i t 8le- el setrche forapretyingat {oqe one siguatifiomette bqsgﬁtanoraqnéﬁ@rlwnm pl e 25 paths
in the wrgLefSmeR3MRh coddR1afiD & RASINY 8ol ERALMURS tdr 3Enddtng Rl Wi el ess

common and dedicated codes relating to at least one communication channel using the



channel into several paths which convey these nultipath signals known as
“rays, the tinme delays of which are multiples of a spread signal chip

interval T~ , and each ray is subject to statistically independent Rayl ei gh
fading. The resolved ray with tine delay z represents a group of nultipath
“signals with tinme delays over an interval [z - T~/ 2, z + T~/ 2] . If

there 30 is only one resolved ray, a forequency non-sel ective fadi ng channel

i's obser V%dtpummmn sedrdhet. hﬁ{&edeﬁvema@c&m@ems{&&péemﬂerrf@ryrecetd?ﬁg W rel ess
channel is called a frequency selective fad |ng channel , whose i npul se

r esponses tee B opepieral an Reglorming a seArehdor mrliplepaths by which i aplepstone~ T) - ~

am (t) (Zséﬂal)arr%pat"iﬂ@fe@el%? an(lta)caﬁ’c@ﬁerzfﬂ? (ﬁﬁ@eh:(i@atﬁ)ﬁ{the %bd@t &id tine delay of
the nmth path, respectivel ~Meo E~am (t) 8(x) is the delta

functi on, cgmmluwit@nwh@nnuymthe@f lepss ove signa! basgdon thp eutpitras théedody changes

rel ati \gel rgek A9 X k] ‘Jﬂﬁséal?&epath gai n changes much faster depending on the
changes | e enviro rrent I'ncluding the nobile station. The received

signal at the receiver may be expressed as a convol ution function of the to

transmtt %gac%&%n&l ahseglonttala?ﬁec?&fqhe\,\fnvg‘llug& C%H% &Vgionl}l%ﬁt%)g ngCgeSSI f the

channel résponses are I oNn exanpl e one
sl ot, t he dpeclaikwectptorgmethod 5 deepbabfeonpedidbyg vMellesé/le)mumeatlan'bétWeen £rn ) nme0
15 where

Wt hocr ©) B St a g mothiel e VR EPRV SRR e weed 20 T Tar e

defi ned a$mplhﬁeldaSiTlednéﬂuglnﬁh$r1§dB tlteestaﬂﬁbe:ebﬁdn@ysmgmcMarbI&rat ladston. 20 A

conventi onal e ver i.n a,nohil ion nay € oy, a Rake gonbi ner
o coher ofoF R g bie iR K Re it EhaB  sPRENn AT BRIE adeliay <

det erm ne(dncbyen@raﬂﬁ% tisiSEAE B @eneratdrfl s@ﬁdﬂcﬁmn@n@ﬂcﬂ&@lﬁﬁate@@@&es%gd@%' i nk Rake
receiver in a nobile station consists of three mjor subsystens, nanel

cel | sear defstspe commppication channslising dherutent af the celbsemicherr 15 methadalset ens. th h

ref er ence cb@pfideGthe Jtept MGG iIMPSNTH L8t Al HERG e habtdnb Mphd18ha detai | s in
relation to F he nob |Fe station receiving transmtted signals in a CDVA

downl i Wk PeHPrEHRgSRseaich Sgrguwtiple paths by which the at least one signal arrives at the
receiver, and canceling using a canceller data in the at least one communication channel

from the at least one signal based on the output of the code generator and first path

searcher. The method further comprises the steps of receiving using an equalizer the

output of the canceller and code generator for equalizing the output of the canceller, and
20 receiving using a despreader the output of the equalizer for despreading the output of the

equalizer.

Brief Description Of The Drawings
Embodiments of the invention are described hereinafter with reference to the drawings, in

25  which:

FIG. 1 depicts a CDMA downlink transmission system in which the same wireless channel

is used for transmission;

30 FIG. 2 depicts a CDMA downlink transmission system in which different wireless

channels are used for transmission;



16 The cell search subsystem 302 perforns cell search based on spread
signals in synchroni zati on channels, nanely a primary-synchronization
channel (P-SCH) and a secondary synchroni zati on channel (S-SCH), and the
common channel CPICH , in which the spread signals in the P-SCH and S-SCH
occupy the first 256 chips in every slot of the common channel CCPCH.
Through the cell search subsystem 302, iiaformation relation to slot

synchr oni zatfi@n sfotd Aotk Afalfaaidmabh e RhijNBeskk:ambl i ng codes are
obtained. The transmtted powers for the CPICH and CCPCH spread signals are
usual |y higher than that for spread signals intended for a DTCH dedi cated
to the nobi lyggsi @i’ bidik Alaghin 410 REEnBY R E@aliza0H rR6GsE at e cel | search. 10
In sonme cases, such as when downlink beanform ng technology is enployed in
the base station, the CPICH and DTCH spread signals are transmtted via

di fferent; wigyel I : : ] m 306
perfornsSpagﬂééggégﬁgﬁggggﬁgﬁﬁgﬁggd%%gkggnégﬁgpiéGW%%%&%%@?EBEB ; i nst ead
of the CPICH However, because of the 15 transm ssion strength of
transmtted giopal s f he .CPI . n TCH i or ot her nobile
stations in Pﬁﬁég%é)?rvg aé’{eaf(% reg?l%seeag'lf_f g}n,(g:(c\’?%@og g%t!rggcg%lg?%nt%ﬁgcgg%epﬁnog earch may be
very poor, eas@edingld a/firshambokingent ofthsimvérttied; power of the transmtted signal
for the intended nobile station is low. 20 The Rake conbi ner 310 coherently
conbi nes despread outputs fromthe resol ved paths obtained by the path

sear ch subsyHGemlidos a Rekeltectiher applfngrcommor piddt/cohigo]l Rhkmelcanduilagon 310 depends
on the accuracy of the path sgarch, s. well as the strength of transm ssion
relating to afﬁ%dlfﬁﬁ%sef hedisientet thoBYeHo%t at i ons and the CPICH and
CCPCH. 25 It is inmportant to note that the CPICH and CCPCH are useful for

cell search and detection_of, a broadcasting channel gBC}D only. Therefore,
the spread dilgnéphowsaneapliggsioprecsiyer Withesmmenepiloypagbshenned sancgiiatipR er ence to

the path seapedidinyRsymirg BmBOEmaNG s BRkSveafei ner 310. 3o FIG 4 shows a bl ock
di agram of a conventional equalization receiver 400 in a nobile station
receivintf transmtted signals in a COVMA downlink transm ssion system The
17 conventi I |..i h-0N: i il | : 402, a
code gener a%iré' %g%%aah%géﬂlgggg?%ﬁggpﬁﬁ%%ﬂjﬂg%%?g% e}@giég%gﬁag%ggl i zer

409, and a siceprdiing thes footth pmiddimentiof thaenventic i zat i on recei ver 400, the cel
searcher 402 receives froma CDVA downlink 5 systemreceived signals using
mul tiple antennas that may enpl oy oversanpling and any correspondi ng rays,
and retri evaddGt heshefvs e Rakoregeisa rppiping ngmmoul poticehtat] chepnelaascetigidn or sect or
in mhichzthglgggalizaé% 0 ﬁe eh¥eﬁmé00 oper at es, and paraneters relating to
cel I and®} r AFECEPR N BHT SRPT BN PhRe 5§ " Tener at or 404 using the | ong
scranbling codes retrieved by the cell searcher 402, generates a

conbi nati on ng scranbl.ing and. short 10 ch elization codes known as
oread: ng_cdibs ! FHRE A ENBE R MR IR S Es e, B P

corr espondi n@cdadiahltd £6ikthlegBodiheht tiRANtigaGr 409. The path searcher 406
then using the data synbols intended for the CPICH the |ong scranbling and
short channelization codes, and the received signals, provides the tine

del ay paganetier $2 Hows SNRT eHandeRYftioMchdbs hddddf & LodvefRInd EM iR MW ejualiz@tiobhe
equalizer 409 is described in greater detail with reference to FIG 5,
wher e t her e Bf®1MFphysi cal channel s obtained using multiple receiver
antennas that nay enpl oy oversanpling, each channel having a linear finite
i mpul se response (FIR) Iy (n) with maxi numdelay with L sanpling intervals.
For exanpl e, Flif=13s Wgh%¢ha@m¢é}ﬁﬁ@p§o¢ﬁ§y5q§gn an improved Mini-Max equalization

technique;
30
FIG.14 shows short channelization codes used in the conventional Mini-Max equalization

technique of FIG. 12 employed in the equalization receiver of FIG. 8,9, or 11;



20 achi eved via four receiver antennas w thout over-sanpling, or via two
recei ver antennas, each of which enploys 2-tines over-sanpling. For
sinplicity, it is assume that Mreceiver antennas w thout enploying
Q¥ersanpling are used to obtain M physical channels, the received signals
whi ch are described as 25 L-1 Y, (n) =x(n) * h-~(n) +W (n) _ ~ h~ (
p)x(rt - p) + W (n) ~=0 where "*" denoties the convol uti on operation, and
w~ (n) is the additive white Gaussi an noise (AWGN) received at the jth
ant enna. 30 n the equalizer 409 there are Ml inear FIR Lllters 502,

g~ (n) , ﬁGégrS{%%p%ﬂran@nf lgationfodes used intheinmeevedMipi-Max poi

BURL ()
DU“ ng Operdédhﬁnlaue Sf FISCE] Mgﬂ Rﬁédgﬂﬁie ch@dieanonGecéhvadr & MOY 8i 63, ocn@BRe!l | 1's
passed to a correspondi ng filter 502 of Iength chereby produ0| ng a
filtering output zf (n) , where z, (n) =Y, (n) * g, (~2) ~~ 049, (P)Y,

(n - P) A siggoab prRidel RBERYMrolRbe SHRribdieroPitrRME ddwrdink %%ghzzﬁlloﬁ filter

502, generating a signal z(n) for further processing by t despreader 408.
Equal i zer cdehpige¢sents used in the |0 equalizer 409 may be obtained, for
exanple by mnimzing the difference, applying the m ninm
mean-square-error (MVBE) optim zation criterion, between the overall

equal i zat i oPetaitedPeserfptionand del ayed variant of the transmitted signal, x(n
- u) , wher 0 f 06

pr ovi des. ¢ n TSP pd R bty & P Bl inRCrer J0FesRRk o IRt

oper at i omn. ﬁﬁrﬁﬁipmvdésqaeleadwchwaakm edwélpcreemtsretsrfer GDMzAudovaflinkhe equal i zer

409 using t e f or ego rea codes oca nobi.l e station.
The si gnal SrEero S“% ﬁfigddts Yehs eg%v%?“s‘g?rP al(giv?)ngzigewnhfrﬁm“aespreader 408
dat a synbol s:on‘n:ntldmlRﬁitudreqmﬂlaérlrenewe%(br htethoss ﬁbmﬁar,lamiridrr patiduldrofonot e t hat
the CPICH a CCPCH are useful used for cell gsearch and detect] of a

br oadoast | ng BRIARBY BEfEspyttS irgiasE and REN P et gh B VAL e oot o
and CCPCH caideslisk €ansmisioler ed as interference to the path searcher 406 and
equal i zer 409. 25 Rake receiver with CPICH CCPCH si~~nal cancellation FIG 6
shows a bl ock diagram of a Rake receiver 600 in a nobile station, having a
CPI CH CCPCH Hic@RdbdifRAE 8F the inveionaf@@icli MU Al recedvet btfutur&iRa dietmRas fo@f the
invention. The Rake receiver 600 consists of two ngjor co onents nanel y
the CPI CH CédAdogmtink ansessionr foperamplerftpke ravgivers S TREH/ r
conponents idgdeyels, ﬁuﬁ&hdlorﬁ@@émlt@@PWCCPCHQ%aI%%U% Oind @ﬂfh—M@x pat h

sear cher 606, despreaders 608, nal detector 612. The path searcher
606 and a cleanaliEhtiondeghoiayes @QMMHCH/ RGIE signal sancelationer 606 or Rake 19
combi ner, 610 perform path search and channel response estimation,

respecti veI y, based on the common channel CPICH in the received signal.
Thus the Rak@eméwtage&ofami)em@dmnlts of thettneknfion arg pphifeldt TonSPIRECEPEHr ead

signals for . ed

t oget her wi t5 glpC%g Q‘l’rglr;}a nﬁ%rﬁa tqé) C%?mmgﬁgp%alﬁ%@g%%c%t Or?,gﬁ,f%at %he samne
W rel ess chamwiers aﬁdleenmdazaxead rmeg'nal Oyl(en)xd\amdgcamyclmrackﬁswmedtsmgpwws are
provided to the cher 2 for processin o his
Phen processingy CPREDIE By 2 dFoudiet EREndtim nitef (e ik er ac or
604 is i turanspisdoessed by the path searcher 606, CPICH CCPCH 1 o signal
cancel l er 607, and despreaders 608. The output of the path searcher 606 is
provided to the CPI CH CCPCH signal canceller 607, despreaders 608 and Rake
conbi Rer gégheﬂgﬁgﬁgﬂym&d eé}ufﬂlﬂa|w1ﬂl(th@()3Pl(ﬂ/@CBQI(:)I$fg@¥lh dﬂﬁdzlllh?hffohﬁ fmﬁtda 602
sear cher an cancel | e e ce r cher

per f or s celadvaniages Being E‘feﬁﬁt ‘IF‘H%E}B@ %‘lo%g‘a&ﬁg@li"era‘ﬁlﬂdb‘ieﬂ\‘/‘?edégmﬁér aneters
rel ating to ghfltrafdMabd fivwetfot Bth néarr@ﬂ@faiSMx@&'llaré@amoﬁﬁtthmmlida%flﬁmb&ng
scranbling codes. A typical s]ot sxnc roni zation paraneter is the tine

del ay To3¥ oredppfizes fesedtersgre prligabieyhen fhe Hanspittad oy esefadrpsmifsd sigemds acqui red

by cell searigRededdO% mbthiR s@a@gﬁlsgﬁfbﬁ rvi%fa&rr 3B 4hak RRRIr AR M hESnAu&PEiepat i on
of long scranbling codes and short channelization codes, or spreading

codes, for tmetigHPethesARbECHIans fBheraiere pTien trsgpkikestagon i dase tathpbase
station. The code generator 604 then provides such data to the 20 path
searcher 606, CPICH CCPCH signal canceller 607, and the despreaders 608.
The



pat h searcher 606, which perforns path search based on data synbols in the
‘CPI CH detects the tinme delays, io, . . ., i~t_, , for several doni nant
pat hs or rays and the correspondi ng i nstantaneous channel responses, &o ,
. -, & ~~_, . The path searcher 606 then provides such data to the

CPI CH CCPCH si gnal cancel | er 607 and despreaders 608. Based 25 on the

out puts provided by the code generator 15604 and path searcher 606, the

CPI CH CCPCigtagibi) ! traaidvieell p&ker GO indR6BIRS o ﬁﬁ(j%la brbilPRd®ed b onyiatddH and
CCPCH spread S|gnals fromthe received signal. Since information relatlng

to the CPI G¥fhdhgrcasmpelving tmmqnaanawalsﬁfacqt%mlt%raawy ByingsasirEthe t at i on
after the Qﬁhémlﬁ&ﬂﬁ(ﬁ@r ?d?@eé?%bqggﬁﬁ&ds%&ﬁlb&lmgc%'rﬁ@yzlﬁtdsémtocr iterion

may be easily ap P to cancel the CPI CCPCH spréad signhals fromthe
recei ved silgpaye hFé‘rro‘ébaWrﬂf@‘e neprangtple ctationsy Wigh e ingreate afslptangie rt he channel
[ esponsgs, MR dowhBBIrSRickiDR i liRRGy A APEARG Rk W\HIPaTBY ok NN be
cancelled fromthe recelveé signal . F signal cance tion

met hod i s dp®ispiidnedn & fwidelesal Intdvegt enmaafvtrelpss mgiliwediscatamunicafinhodystew~~ (k) for
the CPICH are known to the Rake Receiver 600, data synmbols s~~ (k) for
CCPCH are detectable by the Rake Recei ver 600, and spreadi ng codes c~~ (n)
and c~~ (n)Fof ompli¢ity a@ﬂ’b@lﬂitamtpwm enntwdbmntsi of deyinveatien kndusaribal t he Rake
Recei ver 6 ncel | er t 0 _reconstruct

t he chi p- I%@%FmggﬁggwgﬁégunalaLQB rm@meﬁﬁb%im$ﬁgf?%%%ﬁs?ructed spread
si gnal sy Xx-prec{ud} tlarechbm&me(m)from Bedirg dphkicableao @ltﬁdteaimdmﬁﬂ?ﬁ-ﬂxsmussloﬂs fol | ows:

x~~ (k, G&n and nl
u§18§ fﬁf((k?r 5_1} Fﬁre%dm l(‘\’eéneis IQPCF otglﬁrl l‘?llﬁtl gétg( g%w?lmk trélnﬂ]nbs)lons Scc (ki
)th (nI ) s kI = 0~ , and nl =0,..., G-1 15 Also, since the tine
del ay para T~ J and S S channe] responses &'
have been E@%gépgﬁs%V°§H¥ﬁ¥§88fﬁﬂﬁwmﬂpﬁ&(égﬂéﬁg TISEaIen S "er 607
i's abl e to wigdmeicWABNICEr %@Vﬂs RS HRsPERISCPICPM d2hecPeraiyafdsi gnal ,
(n) t hereby a |eId|n

CCPCH—canceIIed si gnal yé&% as folloms n~-,
Lt -1 28 y veigus< eqlefﬁsd QhanneéﬁRTCHf K06, azgsymmgd apddransiiited apgiranspittedr n=0 | f t he

time deIayS@ﬁgth@ﬁ@@mggﬁﬁpw§dgggﬂﬁﬁa1@¢sponses are well estimted and the
CPI CH CCPCH spread signals are reconstructed accurately, the CPlI CH CCPCH

cancel | ed signal then consists only of the DTCH conponents, which is: 25
M N1 Y(] T;Zmd—T CE%@SB&H' ad %bm:&dlcﬁﬁ) intervals, respectively, in the conventional

CDMA downlink transmission system. The processing gainis G =7, /T,, and there are G

20  sets of orthogonal short channelization codes. If there are N users that share the same cell
or sector, then there are (V+2) channels including N DTCHs 106, the CPICH 102 and
CCPCH 104. Each channel is allocated a set of short channelization codes.

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

25 in the CPICH 102 and CCPCH 104, respectively. These data symbols convey information

to be shared by all mobile stations within the same cell or sector. s, (k) and s, (k) are,

respectively, spread by the spreading codes, ¢, (n), and c_(n), corresponding to the

3 cp
CPICH 102 and CCPCH 104, respectively, generating the spread chip-level signals, or

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

cp

30



21 The despreaders 608 then wth the CPlI CH CCPCH cancel | ed signal provided
"by the CPI CH CCPCH signal canceller 607 and outputs fromthe code generat or
604 and path searcher 606 perfornms despreadi ng by using the resol ved paths
.obtained by the path searcher 606 based on the CPI CH CCPCH cancel | ed si gnal
'y (n) provided by the CPICH CCPCH signal canceller 607 and maki ng use of
the tinme delay and channel estimates earlier obtained. The Rake conbi ner
610 then cghg{@mtn!»e £qQEbihes. tzép;%l)d_eagwcgacp nOUtbUio3, ofanl he-@espreaders 608,
y

the output Bf which i% then Brocesse hé "si gnal’ detector 612. t0 FIG 7

shows a bl gck di-agr-amef,»3, Ras nheceives #9904 Dog..makd he=gt.akign, having a
CPI CH ccPcH'si gnal cancel T er 7b7laccéﬁg?hg'tola second enbodi nent of the

i nvention. The Rake receiver 700 consists of two nmajor conponents, nanely

t he CPIC}Vng signal .cancel ler 707 . an e conbi ner ,710. her
conponent s-Y rfgzhdze‘ Q?c@f T ;Séheéﬂ%q“?af@f?' mﬁ"@S&iEﬁ@ﬁ}@? AP %ﬁ??“ﬁ’é? Sh
searchess l,gdfed ih af Qﬁﬁﬁl&é@@%e&%ﬁrs%g&F §onZIQ§inf&91Qti9n ty‘:bes' gnfal det ect or
712. The path searcher Il 706B and a channel response estinmator in the path
sear cher | trang8eddo a Ratespandimigi/themobild Staper. f Hfnipsprdad ssingdhe sonehdimgannel
response estimation, respectiv%%g, based on dedi cated pilot synbols in a
CPI CH CCPCHdearfc@) | corespording tophelipPheHs degby generpeingihe chipdemtsigedly anl
cancel l er 707.. Thus t he Rake recejver 700 .is Il suited for applications
where the ¥prdaigndl gﬁgﬁ’éhq Yiliehal Wi a%?%é‘ﬁﬁ% & 7750.8Pr CH and CCPCH and t he
spread signals in the dedicated channel DTCH are transm tted through
different wireless channels. A received signal y(n) and any correspondi ng
rays ane piawiGdend)£q (khe)cel(k;seaschi (n)02, £00,..praad@ssongG tihe out put of
which is then processed by the code generator 704. The output 25 of the

code generator 704 is in turn processed by the path searchers | and Il 706A
and 7068, R § 90ebIRRNPELLREH 04 an@DICHRS S SRURHSufARa pghe out put
of the patﬁféggégﬁpr I 706A\¥s prévideg toa?ﬁe CPIC}§CIPCH gﬁgnaﬁgcanceller

707 and t hto gsuerptathedfansthidted sighel sérar, sthish i4 1epre@®Bdiby provi ded to the
despreaders 708 and Rake conbi ner 710. The received signal y(n) is also
provided to the path searcher | 706A and CPI CH CCPCH 30 signal canceller
707. The cell archer 702 performs cell search based on the CPICH and
CCPCH,‘éndxbﬁéifbé§)pé@ﬁﬁéﬂ@ﬂé)relating to slot synchronization, frame
synchroni zati on™and | ong scranbling codes. Wth the |ong scranbling codes
acquired by cell searcher 702, 22 the code generator 704 then generates a
conbi nation, of |ong scranbling and short channelization codes, or spreading
codes, for SioF e DA e ¢HEHDPeArdElPER 104 it 8 bemeedibaisil e

station. Thep#OdRicaERahedate cRfr JbSh tw&%%oﬁ WeRsnfl RS Poyl thesk REMRBA h
searchers | and Il 706A and 706B CﬁICHL PCH si gnal canceller 707, and 5
despr eader ghantwls argeteqsahinbisalbmebilsrstationihin iisisee palkasisger (nethe elber ved

si gnal ,andpRar heifiSmAablccieayea by A& AP TER FueANRR Stht BortdifordRCH det ect s
the time delays, 1o, . .., ZM”, , tor several dom nant paths o0r rays and
t he corr espobidfi stajion 98kyaRrapreenssing iselimetdgyr welpaidosalinigbeamforming & ~ | | The
path searc i t G gnal
cancel | er %@@Phﬁégg g%ﬂﬁgﬁg{%gP%ﬁé?gﬁgh%ggéfﬁ%guﬁgg?hekg%%e to &%ﬁerator
704 and t heprepdisignglas frasenittdd t7 6@ Apobilh etal@il WiileCDHGRE sriygntatfereageqellittm 707
perfornms cancel i f .t.he CP| CH code fromthe received signal. Details
of the CPIEﬁfIEEf_Jh—;att @ﬂa%gpﬂgg%%%slation nmet hod described with reference to
FIG 625s incorporated herein for providing an exanple of the operation of
the CPICH 15 signal, ganceller .707. The rcher. 11 706B perforns
bath sear chibaluarut fre FEPBst Sowbrdmeor ColE SByREH wrwPRE

dedi cat ed Bbfehi iamchidbhpreatPhighil Gaia-CPICER02ahd €4 PSHR0 are/ufimedrag¥ i ded by t he
CPI CH CCPCH si gnal cancel.|er .707. The despreaders, 708 en with the 20

O CH Pk s RGPt gl e 4 B s e iebr Cok oo SPRAL cancel | er
707 and oukightl $n £ paeticulldd © TCHIZOQ) ot ekahdé DTCH(@RU6 padives a€a¢dtRefontling 706B

per f orm di adi ng by usihg the resol ved pat obtai ned by th at h search
T 70680 baG DAL Fropliter epareiely dewolhes gmf&lqtf‘éicfl@aﬁﬁ@rlglm wﬂa&@ﬁmf HirB

CPI CH CCPCH si gnal canceller 707 and meki ng use of the tinme delay and
channel estimates earlier obtained. The Rake 25 conbi ner 710 al so provides
time alignnent for each despread output before combining these outputs. The
Rake conbi ner 710 then coherently conbi nes despread outputs with
information provided by the path searcher Il 706B, the output of which is
then processed by the signal detector 712. 30 In the franme structure
proposed in the 3 GPP for the comobn channel CCPCH, the spread signals in

t he synchroni zati on channels P-SCH and S-SCH are not processed with |ong
scranbling codes, and thus are not orthogonal to other downlink

o o - o - e " S N -



15 cell searcher 802, a code generator 804, a path searcher 806, a

"~ despreader 808, and a signal detector 812. The path searcher 806 perforns
pat h search and channel response estimation based on data synbols in the

. common channel CPICH in one or nore received signals. Thus the equalization
“receiver 800 is well suited for applications where spread signals in the
common channels CPICH and CCPCH are tnansmtted together wiwth spread 2o
signal s i medai® stekd abesbsaRARRRY BF@TOM QB@erQﬁltszIUSE‘an& eoebMth cbenel s and
any corresponding rays are provided F he cell searcher 802 for

processi ngowalik teaﬁrpﬁ$10@$ysm8éhpw1blntFF@d @ﬂ@c@é@é@vm spradingyreces®er at or 804
and path %ﬁeacraﬁrearou&%mcmsn@é&a%mngtodeb@L@)oalﬁlcgera%ehfaﬁ 80 rhobilen turn

processed by the path 25 searcher equal i zer 809, and despreaders 808.
The out putsta¢nstwithimie mwl@hﬁct%wdlswrpQ@%w&CQ@S (¢ nDPachp si gnal
cancel lser I r Vv §&1ﬁ I re al so
provi ded tlsglglt ‘%qggﬁ%ﬂ%@eﬁ’r n%gg%&ﬁ%? armﬁlﬁplﬁegﬁglihv%% |g§§lt§b@yo (n) , . .
. y~,, _tratmitted nreechpitioganttaghitadioChlafh] GCOH tisd spreatl sgaais;eﬂnltl@rCBMA The cel |

sear cher - e b r. gonmon
channel s CRPEARERENRsEERraTI0 2 BSF pIE T AR B AL Bokale] bR C:
synchroni baan'lbrmerflm whiehsﬁwwhemnhchmg spmeadargdallls)mgltrphechwmhabgimfoniesg Wt h the
| ong scranbll ng cﬁ% ked b b[% a } her 802 htt he gode gener at or
804 then g&HEY ?“8‘3 %6‘ PBW '8 §eren %Wﬂ% ARG 6P t

channeiloi zatidhahatelotpsead Signa [ &ahl D‘Ig:H:Mes traffsmnittddhe edcRIctirt sporlligGhélileand t he
DTCH dedi cat.ed ifﬁ lthe. nobi | e fgt atilg)gl and ot he]Eﬁ}_DT reoglui d by the

equal i zer SBHON VHILIBHRE AL igtepte rodYteHg MhethyrimedUe statighsyIhe, o t he path
sear cher %@ﬁnfoﬁﬁér(au%p%l?ﬁam &dcH MAICHCZU8Ge thed codbineddgSvondirf 2180the and

equal i zer 8009. ath 5 searchgr 806, which perfornms_path search based on

dat a synb(S’PE’“Tsr?ft”ﬁ@P‘@ﬁlt@? tEpngmiied asipgmulipleragientrorlementt 2 lathish B¢ rays and
the corresp@neh StowARhIEHaaIS RIS, ERAMIEIH S@SPRAS Signal ARRePRAtTCIINAr cher 806

t hen provides such data to the CPI CH/ CCPCH si cancel | er 807 and

equal | Per rg@0er Bheeprigspongiag m%%%telwﬁhrovsi@ddlgf?evwr%aéhageﬂefalt or 804 and
path sear %E&@rﬁpl?%ﬁmrél{ﬁ cl%h%%ﬁ%dfé@{h%@ns?d&%' medf@R 66 Whith 1 %rea@r forms

cancel lation o he CPI CH signal fromthe recelved signals,

t her eby gérgea@prrhij’omlmm@@ 2Q0dcis [tanniiedinerh ghe bage station to the CDMAy ~

(ra) . gcgﬁ,lp-VCCPG-l signal canceller 807, code generator 804 and path
searcher 80 provide input to the equalizer 809. Details of the CPICH CCPCH
signal cancellation 15 nethod described with reference to FIG 6 is

[ ' th
o PRCRASR A P00 ISR SRl et e
si gnal s wistatibn amkn hblaleGRItiCh) :6CPSlitelescabanrel isebbrefognedllangdeledn} a wide-. , vy, ~

(n) and there r Fl it 20 each of
Wht chcor PetsE sty visPRShel sl SRERAS Fr b B MRl oo

oper at i on traganiksi@i¥yptemi soredh inClIGr 1 8 pronmselinng] sighabatites GPA fﬁbbﬂﬁ?e(ﬂdn@ancel | ed

si gnal passes .i.nto rre ndi FlL. R f| ter t her eby

o1 S g aRveatBisroeRy e amERRge sl varatgt iefarSoinbi gt along iR al | zor 809
then prsocgamesn ﬂhbﬁ/&eleﬁmmi’éﬁeHlei(I[bMA&e&h@ﬂfbkoliiésﬁhe in@hipht MiikRks processi ng by
the despreader 808. The &ath ear cher 806 25 provides reference timng
required ﬁga‘t“ﬁlem@q“ﬁ%ﬂ“? Paihs ghis mveﬁ&lesf‘pevlgp?tbﬁlgna#ﬁhnoa@sﬁarreadte? UBE8 t hen

per for s dﬁﬁ?&f eamlagareHmitm*es%ﬁygﬂrbaa%ﬁgn§9&lﬁ)memﬁ TU%h8 GachRELRIING G0des for
the nobile station. The signal detector 812 then Uses the ‘despfeader 808
out put s t atatiealle indelsehders Rayloigh fadiige Mie ebsblved fah evithmine d2lagt Akprosents3o FI G 9

shows a bl ock di agram of an equalization receiver 900 in a nobile station,
havi ng a @Rt thsﬁ‘@%ﬁl"v‘e‘gﬁ’@f’e‘iql"é’? OW?HQE‘?,‘ES?‘I({FTTJ t%7 a7 Alr tHhgRbodi nent

of the,inv nt| ualization.re Qnsi st wo maj or
comporint & kB8 ot DA SR AR BRI BB Bt BB el D, U
909. O herf mmmmenettham ome Iresdleecbragz,ethé WH‘QI&S’SCCI’IBTHGEI@ 2glled adreducnge sedectivor 904,

pat h sear des 8, .and a signal
det ect or gj%g %hém%erl Whorse m?p fglresgﬁns m;r"Fyaﬁl re%rﬁcfn ﬁm & Sexs%’ghﬁl ng rays are

provided to the cell searcher 902 for processing, the output of which is
then processed by the code generator 904, path searcher |I 906A and path
searcher 1l 906B. The output of the code generator 904 is in turn processed
by the path searchers | and Il 906A and 906B, CPI CH CCPCH si gnal canceller
10 907, despreaders 808, and equalizer 809. The output of the path searcher
| 906A is provided to the CPI CH CCPCH signal canceller 907 and equali zer
909, and the output of the path searcher Il 906B is provided to the
equal i zer 909. One or nore received signals are also provided to the path
sear cher | 906A whi |l e all recelved S|gnals are prOV|ded to the CPIC}VCCPCH

o o P — o o ~ N~ o



15 spread signals in the common channels CPI CH and CCPCH, and provides
paraneters relating to slot synchronization, frame synchronization and | ong
scranbling codes. Wth the | ong scranbling codes acquired by the cel
searcher 902, the code generator 904 then generates a conbination of |ong
scranbling and short channelization codes, or spreading codes, for the

CPI CH and CCPCH and the DTCH dedi cated tso the nobile station and 20 ot her
DTCHs required by the equalizer 909. The code generator 904 then provides
such data to the path searchers | and Il 906A and 906B, CPI CH CCPCH si gnal
cancel l er Qgéhﬂqﬁgﬁfqgggg_g 8, and equalizer 909. The path searcher | 906A,
whi ch recei ves ‘ong: Gt reteceived signals, perforns path search based on
data synbols in the CPICH and detects several dom nant paths or rays and

t he correspondi ng i nstantaneous channel responses. 25 The path searcher

qual ?%2? 8&8296%%3@?“% L AR LG b “hy’?e?ﬁ%ﬁ%%%éwiéﬁﬁﬁ?él?or h
904 i j : ) i

cear cher *1' 966 Pl (Pt ol Pt HT SR AL F IR 0BS5S AN R col ol on
Vi el ding Cot Gy Cecl] oRRREAR ShUIRNE HRTRMT LA JuKER ALaBRS, TUETeDY )

. f 26 Detlerichdingbn thh eh@RECRtICCRObBnayh dnclslpeb¢ mabiletativrt hod descri bed
with reference to FIG 6 is incorporated herein for providing an exanpl e of
t he operation of the CPICH CCPCH signal canceller 907. The path searcher |
906B r ecei v&Be sbdtedsygnmahat tel re&iiveo may hé expnestddan alcoomldtion fioetidbn sfehe cher 902
and perforns path search..and. channe| response esti i ogn_based on pil ot
oot s B BeRa el S P Mg sy (AR Fonbaty [oRes ARG Geons b o

CPI CH CCPCHeaiznagt dvetlarbotgarabisonpeaivd, doriegarbyle bhesl&PIhCéceiRhml gnal cancel | er
907. 1 o The CPI CCPCH si gnal canceller 907, code generator 904 and path
searcher || "OB6EHYBVi de input to the equalizer 909. In equalizer 909,
there are Mchip signals which are the CPI CH CCPCH - cancel | ed out puts, and
there are M Iing&g finite inpul se response (FIR) filters, each of which
correspondiggngp ggﬁngP QH/CCPCH-canceIIed signal. During operation, each
chi p signal 3rrg§ﬁb ding’to each CPI CH CCPCH cancel | ed signal 15 passes
into a corresponding FIRfilter g~ (n) of length Q thereby yielding an

out put rlésponse z~ (n) . A signal conbiner in the equalizer 909 then
processes t es - dant i f uxt her processing by the
despr eader 8@%&‘4heBﬁ&?ﬁfgg%f@ﬁ§?§rgng%éégg%%g§gg§w?éference timng
required by the equalizer 909 during operation. The despreader 908 then
perforns despreadi ng on the equalizer 909t9Ut8Ut usi ng spreadi ng codes for
t he 20 nobi Mthepglessa genprality data aymbrls efcthe? BTOH; pdR) \wsedetinpdadbS pr eader 908
outputs to nesQ %rnaat%)%lggp¢§ .Q%F ﬂggm&%r the nobile station. Wen a
mobi | e st at CoRCt SE0E RIS 5 oL6t v WaRoUer aréa, two or nore base stations
may trarsmt the same set of data synbols to such a nobile station

si mul t aneous| y. Each 25 station | oys a different set.of |ong
scranbl i ng 3)%’&?““ ?Fd%i)m TSEVES ?‘F‘é?‘g’ﬁfng@'é%/n 88y LpRipY & gﬁ‘aﬁrﬁ‘?&tbfryﬁﬁ on codes.
In the cell csieameh compiae s dedphRd FuPuls @b&nad o deByébiags deferMm@@d by @ phtho Or

nore sets of |qQng scra Iing cqQde relatiqgh&o khe base statjons, that are
close to th&eadsT | Briely iasanverienal GEM A daymink Rake rrerfverdna moRde €408adi ng
codes corr espRRd JTthrtOmBBEN bR R ShaRlelyOR1ITsBarbIETRY fith SAtA 39% MR ke
transmtted fromthat base station. After that, all 30 detected data

synbol s Zr e °Ppbiaen 310 sehsxsiems. | itk srierprrede F16- 5r Bescdubsystpas aedegabedipi on

per f or mance firter 8i81s PR8N 8 BE hBile statdh rddBRifgtAbh il Ghad MRaDMA
cancel I ation nmethod nmay al so be applied in the foregoing soft handover
scenari 0. FEpWHinkgmaemisgen §x6mpl i fyi ng such an application, operations
where two base stations 0 and 1 connecting with a nobile station are
described with reference to Figs. 10 and 11. FIG 10 shows a bl ock di agram
of a Rake receiver 1000 in a nobile station, having a CP1CH CCPCH si gna
cancel l er for soft handover applications according to a fifth enbodi nent of
the invention. The Rake receiver 1000 consists of a cell searcher 1002, a
code generator and path searcher | 1005A for a base station 0, a Rake
conmbiner I 1010A t0 for the base station 0, a code generator and path
searcher 1l 1005B for a base station 1, Rake conbiner Il 1 O1 OA for the
base station 1, a CPlI CH CCPCH cancel |l er 1007, a base station (BS) conbiner
1011 and a signal detector 1012. A received signal y(n) and any
corresponding rays are provided to the cell searcher 1002 15 for
processi ng, the output of which is then processed by the code generator and
path searcher | 1005A for the base station 0 (BSO and the code generator

o 1 A NN o o, 4 ™~ A



28 long scranmbling codes and short channelization codes, or spreading
codes, for the CPICH and CCPCH and the DTCH dedicated to the nobile station
inrelation to the BS1, and perfornms path search based on data synbols in
Rhe CPICH, and detects the tine delays for several dom nant paths or rays
and the correspondi ng i nstantaneous channel responses 5 fromthe BS 1 to
the nobile station. Based on the outputs provided by the code generator and
pat h sear chepe tellOAOH BB 1HO R [BE0RAEAI A seaddtfbaRa ¢h $pRAI SBRdIs il  1005B, the
CPI CH CCPCH S|gnaj cancel l er 1007 perforns_cancellation of the CPICH and
CCPCH spr eadynshigpigptionchgnelsoramebuarimanysyshronizationrhepne! (Bs2etVay asi gnal . The
CPI CH CCPCH 818 dyah:ohigidh chant TSR A SR Qrintf dBakR1 €PIN NRkwhichl 010A
and Rake conbiner” I'l 1o 1010B. The BS conbi ner coherently conbines the

out put s f r othetshreadrsiguslscio msi h8¢H and §FGA apcipREkdirg@ad chips injevery Glpo gf the he

out put o i i icPeqy t J . i
detectorglg?%ﬁgﬂgﬂmggggaers'd§¥gggyﬁggpga?ﬁﬁ%ﬁékggﬁggéﬁgﬁmgﬁ%ﬁ#@?%L$the BS
conbi ner 10klotsyoehrprizatiof SraBieryachrerfigtiomenddnng skanliling codss akvebordoithe hannel s
CPI CH and Ny i i .1,0n t he
cel | searcﬁggﬁﬁhtéﬁﬁﬁgﬁgéfl%E?Kﬁﬂ%Kﬁ%ggﬂg%ﬁ?%ﬂﬁ%%ﬁggéﬁﬁéhgg@%f9gé%%Fied to
cancel the GRIsplcadsighalBiREhfied foraaldTSH gnditaed todim hétslersadon inanides itgarhieve For
exanple, th |,.CH used to estimte the channel responses, with

whi ch the C%S%dﬁﬁﬂ‘wegrﬁ ead signals may then be cancelled fromthe 20
recei vedosignal. A CPI CH CCPCH signal cancellation nethod for soft handover
application_is described in detai]. hereinafter. The transmtted signals

P om oach bRSPTE e Whendp vl B TRNE iy OBEY b eRPRIELt BeosSs N 1
X~"~ (n) _ station, the CMCHand DTCH dpread simalsare AhnsniifedVik diffednt Wirdless X~z~(Nn) +
x~p~(n) + X~~~(n) 1=0 where x~~ ~ (n) , X~m- (ng and x~'""~ (n) are spread
signals in thengp) &hp reseibhs Rathsearsh pybsysiam dperfoppspashispirlbgsed @B 2r espondi ng

to an rnth basgustfbt §mboMnThdDECH idad SPIHE TPICH I MBIWEver, REaw¥e bt the (N) , X~~
~ (n) and x~ m~ (n) are obtained by spreading data synb s~~~ (k S~~

I :
~ (k) and stansoigsjon strgpgtinof tpasmisied sigprdntor g (FErEeEr @%é@?%@ﬁﬁe@#&aze t he

conbi nati on ¢0f i L4 i f or
She it bas i oePRpREGANA, It GARTSI B oRR Me acblta WAl B 8875 t *bot h

base st ati oNerydeer, espeeiallt whantike tansinitied ppwer of thegransraittgd signal fordkeipigndede sane
dat a synbol§u$gégﬁﬂ%gsggp nobil e station. The channel responses from each

base station to the nobile station are respectively Mol | h(f)(to 2Z2) -

~am)(t)S(Z ~ Zm)) m0 M~> 110 h~z~ (t; T) _ ~ ank~ (t)S(Z - Zn2~ nm=0
where a n' = and.rnks. are t h Ln_an i f & nt h path,
Fospect ien 1 RASTIHEES| Ptk OB Bral bl Rl adtg e ", P2
=1, and.nrkebhhpdhgﬁnmmhemndfa@as&hﬂﬂm.ﬂbysmépmﬁan®ebfﬁwHG$ec®nbmmon to
the mobile %tI@ Eiép%Ist on the accuracy of the path search, as well as the strength of transmission

relating to the DTCHs for the other mobile stations and the CPICH and CCPCH.

25 It is important to note that the CPICH and CCPCH are useful for cell search and detection
of a broadcasting channel (BCH) only. Therefore, the spread signals in the CPICH and
CCPCH are considered as interference to the path search subsystem 306 and Rake

combiner 310.

30  FIG.4 shows a block diagram of a conventional equalization receiver 400 in a mobile

station receiving transmitted signals in a CDMA downlink transmission system. The



15 The channel responses are constant within the observation interval, a

~ (t) = a~,k~ . The received signal is expressed as: M"-t .~t~~"~-]|
Y( n) = ~a~l ~x(n-pn~~)+ ~ang~x(n-Pnm2~) n=0 m=0 20 where p",'~ ~zn~ ~ | T~ J
and pnz~ = Lznz~ | T The nobile station is then required to recover the Oth

DITCH s data synbols so (k) . 25 Since the data synbols in the CPICH and
CCPCH of the two base stations are detectable by the Rake receiver 1000 and

the spreadi REv&RIRS ¢ whzétmﬁ r&av@io@nﬁhh%g’%lﬁgeﬁrcﬁ&qw JERBAD Yerlehtor 3ok e
recei ver 1000, the | CH "h‘%nn cancel |l er 1007 is able to 30
e

reconstructaﬁq’ﬁléseé‘???‘?f 406%465@641%% qualizer A9, e} exignahdetetwAi2of the two
base stations in which x~~) (n) and x~~) (n) are the reconstructed spread
signals in the CPICH and CCPCH corresponding to the kth base station. Al so,
since the tlntke eupligtignaieegivar 490, thye gejl searglppft2 recejves fromg{eDMdsdayidikeous

h I d
path seat craraniecefa fmals {FYEmARER HERSENE Y by BiaARHIAERR MDD AT
the path sewarrespondingrayRane ratiievies theregromtloreg @rr(bllﬁleéatlggai a¢ddleel | er 1007

ble t : I
'y? n;" yleel gl %g%g%ﬁ‘@ﬁ%%@jza%@g éence?iog%”é%&@ Bé? rr%%rts ?e‘??t g‘ig'céhea%fls' gna

, u~" ~- " | ~f fedine synBiFodization. ThY) cadl gene@tor 4 404))151@ the lc(ltg)scrambhbg €adps retr(e%d (2)
(074 CZ) t P
2 e ol sl AR b e SR L0 O, )
responses act‘}ﬁmvwilzdtioﬁ&bcildﬂthe\dn s eprdatiiag ChlcCHI4nRdths psmean shagnels CPHITE

only of 't neC ORGP S rrropas ey B ATire 10T sTHPAN FERIS say.

406 then using the data symbols intended for the CPICH, the long scrambling and short

channelization codes, and the received signals, provides the time delay parameters of
several rays with largest received powers.

15
The equalizer 409 is described in greater detail with reference to FIG. 5, where there are
M physical channels obtained using multiple receiver antennas that may employ
oversampling, each channel having a linear finite impulse response (FIR) 4 (#) with
maximum delay with L sampling intervals. For example, M = 4 physical channels may be

20  achieved via four receiver antennas without over-sampling, or via two receiver antennas,

each of which employs 2-times over-sampling.

For simplicity, it is assume that M receiver antennas without employing oversampling are
used to obtain M physical channels, the received signals of which are described as

25

y,(n) = x(n)* b, (1) + w, (n) = 3., (p)x(n ~ p) + w, (n)

p=0

where “*” denotes the convolution operation, and w,(n) is the additive white Gaussian

noise (AWGN) received at the jth antenna.
30



Mb> " ,v-" ,arc=>-m--" Y(jt)= ~am)~xi"')(n-Pm))+ ~ a, ~, z)~xi z)(n-PnR))
m=0 | =0 m:O =0 In this case, the CPICH CCPCH cancel | ed signals may be used
to recover data synbols 20 enbedded in the dedicated DICH from each base
station. FIG 11 shows a bl ock di agram of an equalizer receiver 1100 in a
nobi | e station, having a CPI CH CCPCH signal canceller 1107 for soft
handover applications according to a si»th enbodi ment of the invention. The

equal i zati of tﬁ@&thﬂz%li 405 @6 GRNFIBES FOR G 508 &6, eltflcodespdddidg 0@ code

generator and path searcher | 1105A for a base’station 0, an equalizer |
1109A for thgshalchariiebwvitPfespons@ s JRFE DRGAL bdrtfongdRcARdigheBrecdid vida 11058
for a base station 1, an equalizer Il 1109B for the base station 1, the
CPI CH CCPChHplpaitaledhbete] J]Ji@ﬁssecbtolaamespbmhngﬂm(m@) SmfhérrgﬂrQﬂfeieby and a signal
detector 1112. . 31 _One or ei ved signals yo(n),..., y,~_, (n) and
any correspwﬁﬂ?warg%‘nﬁrolétpbtrﬁ ’F)d E‘e’teo the cel |l searcher 1102 for

processi ng, the output of which is then processed by the code generator and
path searcher | 1105A for base station 0 (BSO and the code generator and
pat h searcher b ion 1 (BS 1 ). The output of the
code gener atgbr an(jﬁl(%g %a(% &a‘?%ggﬁpﬁﬁl%SA is provided to the CPICH CCPCH
signal canceller 1107 and equalizer | 1109A, while the output of the code
generator and path searcher |1 1105B is provided to the CPI CH CCPCH si gnal
cancel | er 1AGBnalenbingnff4zthen sumsthooput fiam cadclR T 807 genesatipganignal | yM |

(n) are als r and 11
17054 and 110587 AretbrbtapiB PG RAR 206" TaRigrAL it RGNERTR B, C0T,
sear cherol 1©®abzm 70 mey bedhtaisah far kixdadebly mmlmmr@aue @ffgwactes apiplyinghése conmon
channel s CPI me | ot
synchroni zat1o mum 1?%%%)9:&%0 orcgfrel{l\g%) %ﬁmgz%ég? r;tgm% f;e ng tﬂgo‘;eg) ](Sas of the two
base stati oaqila%ﬁomndpﬁsan) aAd talpied alaristtof theynanshmmeﬂ dgatal, owr@n pap aneter isi S t he
time delay for the first arrived ray for each base statjon. The code

gener at or ah@wsnhesré%?f%lﬁ%vmmglibsn@tbé%écﬁlalt@é Provadssfhersierense BRings | ong
scranbl i ng gﬁgﬁé:d%q e &t@fiter 30PARRLIBAREMGN codes, or spreading codes, for
the CPICH an and the DTCH dedicated to the nobile station in
relation>to the BSO, and perfornms path search based on data synbols in the
CPI CH and d?h@&ésgreg&?468 ﬁgn&i@shéy& tfzé)(l;u VEfhak lgﬂgérqgﬁltlslﬂ%{ht??or oii?YS and

t he correspondi ng I nstantaneots ch anne respo ses fromt to the

mobi | e st at sreadingredesadlecasite thetraobilg sdtiprmt Thesiganlolsteetor 4121thgoBegrsgener at es

a conbi nati r i haor t zation codes, or
spr eadi ng c?rgm%e +'§ﬂ9to ﬁgle%@H%#ﬁ@@ﬁ%&%ﬁﬁeem%&gé& cated to the
nobil e station |n_rel ation to the BS1, and perforns path search based on
the dat %Osyﬂqs also mmglrQaPntg_'notg‘ ngtt ebﬁﬁfﬁ 1% lgélqgredu%étﬁyuseé Forr cgl?éle%c%lan&j om nant

pat hs or-rays rrespon i ns aneous responses from
the BS1 to tidstectmsnbfh hrosdmntlrxgmhaxﬁas(ﬂﬂilﬂﬁntyn Tmbnefowtlmq:&:aqugnaldmdhd)y t he code

generator a th 105A a d.co enera earcher 1|1
J7058, the PRI SEROE Grmere iR RS- HE AT bF R PR HTn o the
CPI CH and Ceqfatizg@oead signals from both base stations using the received
signal. The CPI CH CCPCH - cancelled signal is then passed to the equalizer
| 1109A and equalizer 11 1109B. The BS conbiner 1111 coher ently conbi nes

the out pyt s R3kk detdiver Wih CFACBIAEETH bigdal B0elifign equal i zer 1109B. The
signal detector 1112 then_recovers data, synmbals in. the de i cated DTCH from

the BS combiHep shomse blogksligeram O%azRﬁ@tr%ﬁerVgr 810 ip g anabps taf &4 gnal

cancel | at| 0@9@&/@@@@%@9&&&1@9@&&@&@ kd & Bist QfbodgR&GH bP@E indedtbnl ef erence

to FIG 10 is incorporated herein for providing an exanple of the operation
of the CPI CliheREceeekisE 60Q eonsists pHtwo maiey Qomsene@gsuameémhe&%’lme@ﬂ CH CCPCH

code cancel kghi1QfhElitric0¢ ané mgé EBaftiter 810, { Hifer &Kﬁ)@ﬁén%naﬁ@e p&ﬁ%@dr&ﬁg

hereinafter inrelation to the M ni Max synbol equalizer based on the

const r ai¥ied 603, micadmecnereion 604 ﬁ@ﬂ@)ﬁea’f?hﬁ’t 609, desprerdnss 6Qmordha signehfetonteriol Max
equal i zati ofpf ga?tﬂ' OdafEr 40% NS SRl o ns%rebtfrﬁ JibAR tl%e}}ﬁ{h’ se l?é? cbPolEdikect ZF

equal i zati on, despreadi ng using spreadi ng co es o e station should




recover the nobile station data synbols, while the result of despreading
usi ng any unused spreadi ng codes should be null. Therefore, the technique

i nvol ves the generation of equalization coefficients by mnimzing the
total power of despread outputs based on the unused spreadi ng codes, and
maxi m zi ng the power of the despread output based on the 15 spreadrng codes
of the nobile station. Spreading codes wsed in relation to the conventi onal
M ni - Max eqe@ﬁrsla@t@mv?err&ﬁryatmﬁc@m &Bﬁr@nm&ﬁbnﬁé ééuélanonv\réspecﬁeérﬁ NRAEdnt O
FIGS. 12 to 15, the term "codes" refer to short channelization codes si nce
| ong scr anbfiesemelen sbenaplCRIGH thetrereived sigpali ThusshaRaksrecenist 6l imnmallt he sane
cel I or sectgfed f&*&ﬁpﬁbﬁﬁ&hsmﬁ‘e%pre‘é@bxgﬁhléfo?tlﬂ%ﬁl%ﬁ@hin%ls upfCbeCERGRi red in

mobi |l e stations for despreadin unused codes, which are not used at
all by any piigxdage %Qrﬁmit@déogreﬁlﬁr uélsmr@dmmgls irf e dedientedghanmel BEECHof

or t hogonal ggﬁ A Olnasgtor. The used codes consist of active
codes mgl uglr v t‘#&goggglle!fgs‘?hanrgeg to the comon channels CPI CH and CCPCH
and codes assigned to active nobile stations, and inactive 25 codes
assigned to |n statli .The cod oL 0 a
ot o1 vat | of Tanep FEnfToB i APty OE PRiRE S B R b YR o o
channel s androaes’smg,ethemhpdtef whzh iscthen prodesded by lie aoddmemdm nThesdugtut on to a

t i nt t of th d ti
T e AR B o Lo BB e e T AR 1 g
to the unuseignaosiesller6h?,ahd despreadero6isy miebﬁupa‘uﬂf&he Patt seadched 606 BaR&iiddde 30

o unused cbtie CHRPRGPLRER SRee dYodaiede e hake ety OEE R

t echni que i fBé@rlvaBﬁgdahﬁn)’ﬂslalsmchﬁride@Eb @é 5theear¢hba606mﬂwrm/ddremﬁ§ﬁﬂead
out puts fromthe unused codes, and maxr m zation of the total povver from all

or thogonal EBWer 6§helhesgh seafrherp(2pepiammsicell search Rased anrtheRICH fadnj -
equal i zat i opCpesh BhdEviddsSaRYMAs eitifig (6 slod syrcRrowRhiidh, friiSe W%mrzﬁhﬁt ' ng to

the 5 minimzation constraint are the unused codes whil e the codes relating
to the raxi mdlang mambimstcp@nsntA bpisaksiat spnchivoizetien pacavertss is the time dplw 7,

mnimzation constrai.nt ybe m nim zed r for the
undesi red pirihe ‘iﬂ“év%fi% Wé@@ﬁ&ﬂ%%‘éwﬂ&rﬁ‘?Yrrgﬁtserrfﬁﬁg%e

maxi m zat i 08odeQRfdritdt 604 th na@réeﬁ cdribindtidR ofl R &@@Imaargrtou@s a@ion sed. Wth
the use of all short channelization codes for the naxim zation constraint,

an enhanced chapnglizationgodese E]{r?i’lr"raé’éﬁ coffss.facibe SPICH P%@?PQ\B R4 g PG t han a

convent i onaljeditaiid tb/he SR staBSH. - ThEQed@%eh@[%eathar pmesesquahatz%rmé hus
yi el ds better ZF equalization result han t he conventional M ni -

equal i z&P, eaheeardier POREICH/REPEH R qanesdlentiietndrthe despeadeptiOBe Tb@ atl on is
much vyeaker gétﬁ%réﬂé%oé %wﬂtpgﬁémﬁ‘ﬁ%'s&ré{l's’atsé&)&ﬁdata]s@mﬁoﬁ"nﬂ‘{he Wxcgaual i zer
according t sevent h enbodi nent of the i1 nvention enploys a conbination of
t he CPI CH C@Stemsﬂuegnaldetaas;crel 1. am;Qnforrmvmtidmswmibdowmsrand@feer ence to Fig.
6 and the enhance M ni-Max equalization receiver. Wth CPI CH CCPCH si gnal
cancel | at i oforrespendingdasiandanspusrhepnebresnoaseSPiGH - afid- CEpepath pearahp )0tk | der ed

caual | 2at 1 oft Benien a8 shite SRR R e et OB P ROt copon

si gnal @anceh kt@tduits pihiededadgate dodt aérergoric04 hﬂitepaﬁlmemhérams (ke constraint are

i mi i 24t | 00 AP AP e o 1 DB e eeelrton of Re CRR Rl gh e 25

FIG | S sheysadRdfs fitmethe rdteivb®sigmnanced M ni - Max equal i zation techni que
enpl oyed in the equalizer receiver with CPI CH CCPCH signal cancell ation.
The codes relating to the naxi m zation constraint are all orthogonal codes,

whi | e those gl ﬁ{fblﬂﬁtxéﬁreﬂéﬁ?xg f9 thé OPAEH b CCRIN W&'éhtﬂfred%gﬁn& Reowapdese assi gned
to the CPI CH and CCPCH his is common for all users 30 within the sane

cel | or ¥ectusbile gaipuragipr rhecﬂb@arcbenchﬁﬁMeteyﬂqnh@eé@%ﬁﬁ@mlwafeﬁn q¥fEionecei ver
Structure.  majhe WY abfIRATSLmEL A CHIVAIAl CCPCH H3GH sithall RSmbRSRodAl | on,

mul tiple Mni=Max equalizers e oyl ng the i nprove Max equalrzatron
t echni que af@ndr meanpt@abe:ﬂwﬁmaaaﬁwrdrtrat:srtmterrhe/clan%retﬁeor&m@wrtbd with the
hel p of multiple antennas. 5 Conputer sinulations Conputer sinulation and
results therefromare described hereinafter for conparing the various
equal i zati on techniques with reference to FIG 16. A DS-CDVA downl i nk
transm ssion is sinulated with Wal sh codes of length 16 (PG = 16). Binary
phase shift keying (BPSK) random codes are used as |ong scranbling codes.
The codes for the 10 common channel CPICH and dedi cated channel DTCH for a
nobi | e channel occupy the first and second sets of codes. The total nunber
of nobile stations, including the CPICH is denoted as K. Each sl ot

consi sts of four quadrature phase shrft keyr ng (QDSK) pi | ot synbol S and 60

PN Y . - A NN PN . o e oy T



35 It is assuned that the CPICH and other DTCH codes are transmtted
t-hrough di fferent channels. To achieve this, all DITCH codes are assuned to
be transmitted through the sane physical channel, while for the CPICH code,
t he channel responses are sanme as those for DTCH codes, except that the
first tap coefficient has 180 degree phase difference from5 that of DTCH
codes. The follow ng equalization techmogues are conpared: M ni-Max

al gori t hm pyRRR#RE AN Hlahd @@I‘CHI éﬁrefa& cBﬁAQ%' theibe &dﬂcﬁle@%ﬁ(th@%é&é@d "Ato
new blind rece| ver for downlink conmmuni cations", |E

Conmuni cat i 88l etters, vol . 3, No.7, pp. 193-195, July I999, 2. Pi | ot - ai ded
synbol equalization (Pl | ot equalization) proposed by F. Petre, M Mbonen,

M Engels, B. selinckx and H Man in a paper entitled "Pilot-aided

adapt i ve 15 AcRPICTEGUBIHigmalcanceilytion meshod i deserikaddn delaibbgspinafiesi Sincd n DS- CDVA

forward g ! n!%'ta S}{DrrE]%Fs q{pc | ZE% F@ILIsza(r’g gl?OV‘%qg gie ﬂaﬁl %%e(fver gO(f Icqlatgtsy(}%bo pnel is

used to upda 1 on coée cients,

I th : t
er for nance o1 R AL L By BEe REERIY B0 , SRERhainbOS4S pﬂér oved
M ni - Max edyad i 73} kRt EeH LB B e%c%y%ﬂ@krﬁm%lﬂe%wﬁew%oo

al gorithm, i nWhi ch all codes are used to construct the maxim zati on

constrai nt, thedPICHAOGPCihsigral chna¢iieeb07ziaablo o RoRBud St chipeldvd Ooﬂl}hﬁ‘neﬁﬂ CHis
used for mnimzation constraint; and 25 5. Dedi cated channel

equal i zat i ofPr (hNEHEFH and ChiR{CEh The desanemeied spreadpaels; &, @y sat iz 6 Efglﬂﬁ»‘g MVBE
criterio at a f t he dedi cated channel is known conpletely,
wher e tHQ Bégtgg?‘%ocﬁéﬁqg&mﬁ ‘ﬂ?@ met hod serves as the |owest boundary for
conpari son purpose. 30 To evaluate the perfornmance of the CPICH signal
cancel l ation and inproved M ni-Max techni ques sinultaneously, Kis set at
16, i.e., thg(QDi, )d{ﬁyp(]ki ny tfg,,élnsm 58}, Bncsys). enrilg,..., 38 A &l0.y,G-daded. | n
this case, the LL algorithmis not applicable since there are no unused

codes. Howewe(k Gwrnih=ENhe@,; &bl W}@J;@na}cc(k,amgej)l & +on,.1,eadn| §0g.,,Gt-he
channel i zation code for the CPICH is used as an unused code, thus the new
algorithmis still applicable to the CDVA downl i nk transm ssion system

E:)/GI\éGOfﬁp ,?Wils% hsei\nc%‘ t?rgeede%y papaef\r{efte(% r ﬂa nErm / W _|t and 1ns %an&s%hzgnhel rtesrp%rQS%rsn tted

¢, have been detected by path searcher, the CPICH/CCPCH signal canceller 607 is able

to remove the CPICH and CCPCH components from the received signal, y(n), thereby a
yielding CPICH/CCPCH-cancelled signal y(n) as follows:

M-l M-

20 y(n)=y(n)- Zam Xp(n—b,) Z Xe(n=Pp,)

If the time delay and instantaneous channel responses are well estimated and the
CPICH/CCPCH spread signals are reconstructed accurately, the CPICH/CCPCH-
cancelled signal then consists only of the DTCH components, which is:

25

M- N~1

y(n) Za le(n Pm

m=0



nobile station for different algorithnms. The followng is observed fromthe
simulation results shown in FIG 16: 10 1. Due to the strong interference,

t he Rake receiver conpletely fails to work; 2. Since the CPICH and ot her
DTCH codes are transmtted through different physical channels, the pil ot
equal i zati on net hod does not provide good equalization for the DTCH code;
15 The LL algorithmfails to work since2there are no unused codes

avai | abl e; qrnadé&pre&leesnmhmgmﬁth@cmc@@muaﬂ&u% ApsdYpRYidea bRt M i S

fully Ioaded the new algorithmis sti applicabl e to CDVA downl j nk

transm ssi o PYHYCERCHRIEnahoanplley Hezd |°H@“ﬁ7§’i‘?ﬁ\etpe cqdsgeneiaipr e agd pifhes and

met hods for &Q‘t@rdﬁ Hbidks debRERIMHeDY Qe BRIV € Ktﬁﬁé‘d Sphth
CPI CH CCPCH si gnal \(?gncel erp’g gg%% |z§1t| on recgl&ge(r)s W tweth PCH/ CCPCH

si gnal cancé&da¥ ﬁrs606éwdrw1ﬁhe%&3 B Hzandebed &lg@hw(@woawhyth@ CPI CH CCPCH

signal canc e d SCri or addr essi eed f achi evi ng
cower sagi noEIAUCERCH GeiFREtaRERy A4 TR RSO P lEF elioneD, *Com

downl i nk t r asiemites ehibier obidihdalo U Rakd gondbineu Bﬁemaeméohembﬁydcmﬁmies tlm‘detslhead
invention are disglosed, it will be a rent. to one skilled in.the art in
o of 1t Gutays Bf 68 Akateatis iR e PORr Brfds MR BRGFSHb BF Silon can be
made W t houtetd@pagii ng fromthe scope and spirit of the invention. 30 37
Claims 1. A code division multiple access downlink receiver for providing
Wi rel ess conmmuni cati on between a base station and a nobile station in which

the recapVverid.$ skowsHNISNRIMRHn of NRaKGERIVETOCA ARIbSE BiBtiordh&gld a Sear cher for
recei ving at | east one si gnal fromthe base station and retrieving

t her ef r om a CRHAMER PESRaenabsagesllel 7q7regordBR o 2 spcensiranbydimesmpelghe F‘H?n“@éner ating

a set of CO"THPRal?e’l‘éce‘i’x%@W@éo%@ist@Q?’% rﬁﬁb@éoh{wnetn% ﬁ'&mélf%%tCP@@ﬁ/C@*@E‘”' cation
channel using the output of the cell searcher; f oa first path searcher

for receivi ﬁ’gnalﬁwcaﬂefﬁééwdérRékﬁsq?Cg!Pmerami @@ﬁﬁwmppn@tsan@é@ﬁwllfswcml tiple
paths by whizeh the 2864, %E'tﬁ é{]&@?sll afl{l fi 2082 Rl 76415 dEHERHNAE 768

N
cancel l er for cance?atnea data i east one conmunication ¢ nnel from
t he at Iléasmgo:ﬂdet;ctgnbln Hasedhmnthhelldmlmnd athanied respabee eppimeromtirothe and fi r st

path searc h%%lal‘ sé‘a?ch%f IFH&B to? Eﬂe ?{nbl%%r ’71’6 %lfgt!rr[rg%[h se%%ragfi Qha%gé ﬁ]&fsglel g,[

renoves the oné co i on chan
| east one s Iegﬂmitlonﬂ'espﬂ'te'e}yemed/m dedgated pibdtaymb@s indhEPIEIHICCAeHcameded er

reconstructs. the data i 2 IFIPQ ne el based on
the out put Slfgn{iwée-%rgacgsea bI){ 6 ?1!, ﬁéf’?ﬁ sepd 6grec}§iﬁer%17 ‘ilﬁ'usctfl1 IRNE recefet
700 is well suited for applications where the spread signals in the common channels
20  CPICH and CCPCH and the spread signals in the dedicated channel DTCH are transmitted

through different wireless channels.

A received signal y(n) and any corresponding rays are provided to the cell searcher 702 for
processing, the output of which is then processed by the code generator 704. The output

25  of the code generator 704 is in turn processed by the path searchers I and IT 706A and
706B, CPICH/CCPCH signal canceller 707, and despreaders 708. The output of the path
searcher I 706A is provided to the CPICH/CCPCH signal canceller 707 and the output of
the path searcher II 706B is provided to the despreaders 708 and Rake combiner 710. The
received signal y(n) is also provided to the path searcher I 706A and CPICH/CCPCH

30  signal canceller 707. The cell searcher 702 performs cell search based on the CPICH and
CCPCH, and provides parameters relating to slot synchronization, frame synchronization

and long scrambling codes. With the long scrambling codes acquired by cell searcher 702,



20 searcher. 4. The receiver as in claim3 wherein the canceller applies
the m ni num neansquare-error optimzation criterion. 25 5. The receiver as
in claim4, wherein the canceller uses channel responses obtai ned by the
receiver inrelation to the nultiple paths by which the at |east one signal
AN . . . : . .

arrives at the receiver. 6. The receiver as in claim1, wherein the at

| east one communi cation channel is a 3e common channel in the cell. 38 7.

The recei vefe c@§e% eﬁtoavm then féHetatRMh coMBMALGH dt%or s@ﬁ%ﬁﬁ% arldae@nse estimator
for estimating channel responses in relation to the nul

at hs by which
Lhe oot | oo shagiagmamirs. of s spotsifer e coieand GCPaHang Bedrial "as 1 n

claim7, V“Zl@cilé‘dtéli th AR hovik lstaREH. hl"}ﬁ%&&%lﬁérafb?"]f)@fh%pﬁobﬁessﬁ@ﬁ G&ta e MUl ti pl e
pat hs and esti mat e channel responses therefor based on the at |east one

conmmruni cat ipeth sedighersd|and & 701’#%@“13 deal}, (RICHECGReHesignaheagcelie7@herd conpri si ng a
second pat ReRARGH %8 f"ﬁ{e LEGEINR 9 7ddA, %%hqyéeﬂ'é%]thgf{%&ﬂ@% Gigfighd er and

performng a search f t|p e paths therewt e recelver as in
claim1l, f pedfdrers pamrsmrclsbasgi @t dateesysitbols e thd €PICHE dekects fho tinrealeRiysithg.. £, he

out puts of the canceller and code generator for dispreading the output of
t he cancel |7, forseveal daminanteatis peraysandithe eorgsnendiog instantaneaus glmapeli si ng a

Rake conbi ner for Jreceiyin the out e at | east, qne d spreader and
Conbi ng ¢ NeSHRSE dha-odbpur Tepath spathes 4054 ten Biovidfe SR 5% U ¢ ner
conprisin i r and code
Gener at or ForCARECHE final ShcERE A0 ld e BBl e R SYIRTGHET 20ei Ver
as in cloai rgereRgtorf 19 tahd the pathysedretien §7¢0 Ad 6 FRIGHEPCR(H sigead eangeliey 70he out put  of
Lhe caual ! SeluhlafeiRLRAdIeHOR LU O oflellRa g | zor. 14, The

recei ver a i Zzer "gefierates equalization 25
coefficients based on the m nim zation of the total power of the despread

output inr edi cat e son e power
of the des Efeka g@?%ﬁ éﬁ@ﬁ’@r‘g g Chnge %ﬁ%%‘.etégﬁe S ‘ﬁ“%eg‘°tFtéét he
mobi | e st at6iiothcorpbrated hereincfoeproeiding an Ieihnqilfad)ﬂTheléberaMﬂﬁbélhB CP[@J/E@P&IH zer

gener at es tspgela nceher%17| on

The path searcher II 706B performs path search based on pilot symbols embedded in data
symbols in the dedicated DTCH and the CPICH/CCPCH — cancelled signal y(n)
provided by the CPICH/CCPCH signal canceller 707. The despreaders 708 then with the

20 CPICH/CCPCH - cancelled signal provided by the CPICH/CCPCH signal canceller 707
and outputs from the code generator 704 and path searcher 11 706B perform dispreading
by using the resolved paths obtained by the path search II 706B based on the
CPICH/CCPCH-cancelled signal provided by the CPICH/CCPCH signal canceller 707
and making use of the time delay and channel estimates earlier obtained. The Rake

25 combiner 710 also provides time alignment for each despread output before combining
these outputs. The Rake combiner 710 then coherently combines despread outputs with
information provided by the path searcher II 706B, the output of which is then processed
by the signal detector 712.

30  In the frame structure proposed in the 3GPP for the common channel CCPCH, the spread
signals in the synchronization channels P-SCH and S-SCH are not processed with long

scrambling codes, and thus are not orthogonal to other downlink communication channel



30 coefficients based on the mnimzation of the power of the despread
output in relation to a dedicated code relating to the at |east one
conmuni cat i on channel . 39 16. The receiver as in claim 13, wherein the
equalizer generates equalization coefficients based on the mnimzation of
the total power of the despread output in relation to unused dedi cated
codes and nmaxi m zation of the total power of the despread output in

rel ation topald si@hiNMGORAhrobRHIGAIAIENEQARDING cdRRE TR hon-drhogdhifity €CEI Ver as
in claim16, wherein the equalizer generates the equalization coefficients

based on t tisgrleri nerformanenreliting kethp detedtion pf datesyarbslsrie thg dediegsed chizmal el at i on
1o a dedi cabrckiCadGeld Pl OBICHICE PermbiRanlnalf, KT KRl gRpghannel . 10
18. A code division miltiple access (%R/nl I'nk reception netho ?or provi di ng
wi rel ess comthegirehityipoeblémat Thue the petferyenes rakatingtodirdetectiorbef the BfgHidsta i n whi ch
a receiver i is inmplenmented, the nmethod conprising the
st eps ofs‘:3 rs&ﬂ@b@?ﬁ# %Sgl&ﬁtgﬂ aﬂggﬁp' searcher at |east one signal fromthe base
station and retrieving therefroma comon code relating to a cell; 15
generating ysjng g, £ode. SRS ALACA SR £OMImR,and dedi cated codes
relating to at Teast one conmunrcatr o channet ust ng the out put of the cell
sear cher; r&kenatively, ths CRICHE/COPCHE signat dansddlatieheethédwdaybe dpplst toone si gnal and

perform ng a search fo tiipl e. paths by which the at | east one signal
fiehared cOW i

arrives at THEPRPEDRSE "WSVHY a canceller data in the at |east

one comuuni cation channel from 20 the at | east one signal based on the

out put of t code erator and first path se her ; cei vi usi ng an

equal i zer tﬂg'%ﬁpﬁﬁg%&ﬂﬁﬁ@aﬁéﬁm@ 1zaé‘ﬁ8_r?98‘d%ra%)§ﬁ‘é?§’t° ﬁe q:tg}onglgqyg]giazi ng the
out put of tORICEROCECH QignaldBhtel &R0 MedoeHiniBlonGhiad EHsdAiAaAH 6f tht R egtidnput of the
equal i zer for despreading the output of the equalizer. 25 19. The nethod as

in cl ai m 18Thegaalizptipnmaeeier 80D eomsigly abiwomaiegr qeutpapenismBeedvd®i zer conpri ses

the step ofcgerpc@btndighfltahdeA&isn? Andariduhifie8i9 RRGEMBochREndiiddiaM zat i on
of the total power of the despread out puqt I

inrelation to unused dedi cated
codes ahnd nelispareher PR a gpdergencrplonils, apath prardhesifloea despisadni808.pnd ) ation to a

dedi cated Cé?éjrﬁ]l q& c?(;riS'?g. TR ﬂaﬁﬁﬁgﬁg-r@% g%gcﬁ{ne R @earé}fgﬁli légain!ﬁgl rw)%nse

m ni m zation of the power of ~despr output in relation to a dedicated
code r el at i esmatpon tasedaan datsesymbolaén the nremmpre ehanuel CPHEH arepne or more received

signals. Thus the equalization receiver 800 is well suited for applications where spread
signals in the common channels CPICH and CCPCH are transmitted together with spread
20  signals in the dedicated channels DTCH.

One or more received signals and any corresponding rays are provided to the cell searcher
802 for processing, the output of which is then processed by the code generator 804 and
path searcher 806. The output of the code generator 804 is in turn processed by the path
25 searcher 806, equalizer 809, and despreaders 808, The output of the path searcher 806 is
provided to the CPICH/CCPCH signal canceller 807 and equalizer 809. One or more
received signals are also provided to the path searcher 806, while all received signals,

vo(n), ..., v, (n), are provided to CPICH/CCPCH signal canceller 807. The cell

searcher 802 performs cell search based on spread signals in the common channels CPICH
30  and CCPCH, and provides parameters relating to slot synchronization, frame
synchronization and long scrambling codes. With the long scrambling codes acquired by

the cell searcher 802, the code generator 804 then generates a combination of long



40 20. The nethod as in claim 18, wherein the step of equalizing using the
“equal i zer conprises the step of generating equalization coefficients based
on the mnimzation of the total power of the despread output in relation
,to unused dedicated codes and nmaxi m zation of the total power of the
despread output in relation to all orthogonal dedicated codes in the cell,
including the mnimzation of the powezs of the despread output in relation

to a dedi calgfibl qﬁdéﬂr@&lhﬂm &a@i h B&dedtor ReC RIMANTIEH 48 Cchannel .
AR A (1 o o Ay A Ny e A M. And e

A&alL. ALR. ﬂﬁg&ﬂmdge DM—I ggilca,ﬁq_drto e motgle s;qgg} and,qqmr RITCHs required by the
. A9 AL. Al 9bql:Ry %M %h%fc%%’e %%el%%r séﬁthewﬂd%defg%cﬁ% (RO gAR Learcher 30,

2t|*/~ytn| ca cal caV]ca] ca ca]caV]cagca caj ca ca ca] ca] ca] ca] ca] ca

U] c<a] ca] c&PEd}/ §P§ stgriabernecilecd) céf]séfa]i@ﬁéo and equalizer 809. The path
L #31 && 5 SlBbertdos; w ch{oy1 4 ég f b% cfé %}:/ L fid @@@}? ¢t@fscal caj ca

]ca]ca]ca]ca caj cal ca ca calca ca al calcalJcaJcalJca]ca ca]ca]ca
I\ 4c4C5F5f s¢yembammieait pathigor rays and the correspondmg instantaneous channel responses.

The path searcher 806 then provides such data to the CPICH/CCPCH signal canceller 807

and equalizer 809. Based on the outputs provided by the code generator 804 and path

searcher 806, the CPICH/CCPCH spread signals canceller 807 performs cancellation of

10  the CPICH and CCPCH signal from the received signals, thereby generating

CPICH/CCPCH-cancelled signals, y,(n), ..., ¥,,_, (7).

The CPICH/CCPCH signal canceller 807, code generator 804 and path searcher 806
provide input to the equalizer 809. Details of the CPICH/CCPCH signal cancellation

15 method described with reference to FIG. 6 is incorporated herein for providing an example
of the operation of the CPICH/CCPCH signal canceller 807.

In the equalizer 809, there are M chip signals which are the CPICH/CCPCH - cancelled
signals y,(n), ..., ¥,,_,(n) and there are M linear finite impulse response (FIR) filters,

20  each of which corresponding to each CPICH/CCPCH - cancelled signal. During
operation, each chip signal corresponding to each CPICH/CCPCH—cancelled signal passes
into a corresponding FIR filter g, (n) of length Q thereby yielding an output

response z,(#) . A signal combiner in the equalizer 809 then processes these responses

into a signal z(#) for further processing by the despreader 808. The path searcher 806

25  provides reference timing required by the equalizer 809 during operation. The despreader
808 then performs despreading on the equalizer 809 output using spreading codes for the
mobile station. The signal detector 812 then uses the despreader 808 outputs to recover

data symbols intended for the mobile station.

30  FIG. 9 shows a block diagram of an equalization receiver 900 in a mobile station, having a

CPICH/CCPCH signal canceller 907 according to a fourth embodiment of the invention.
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the long scrambling codes acquired by the cell searcher 902, the code generator 904 then
generates a combination of long scrambling and short channelization codes, or spreading
codes, for the CPICH and CCPCH and the DTCH dedicated to the mobile station and

20 other DTCHs required by the equalizer 909. The code generator 904 then provides such
data to the path searchers I and II 906A and 906B, CPICH/CCPCH signal canceller 907,
despreader 908, and equalizer 909. The path searcher I 906A, which receives one or more
received signals, performs path search based on data symbols in the CPICH and detects
several dominant paths or rays and the corresponding instantaneous channel responses.

25  The path searcher I 906A then provides such data to the CPICH/CCPCH signal canceller
907 and equalizer 909. Based on the spreading codes provided by the code generator 904
and time delay and instantaneous channel responses provided by the path searcher 1 906A,
the CPICH/CCPCH signal canceller 907 performs cancellation of the CPICH and CCPCH
spread signals from the received signals, thereby yielding CPICH/CCPCH - cancelled

30  chip signals, y,(n), ..., ¥, (n).
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During operation, each chip signal corresponding to each CPICH/CCPCH cancelled signal

15 passes into a corresponding FIR filter g, (n) of length Q thereby yielding an output
response z,(n) . A signal combiner in the equalizer 909 then processes these responses

into a signal z(n) for further processing by the despreader 908. The path searcher II 906B

provides reference timing required by the equalizer 909 during operation. The despreader

908 then performs despreading on the equalizer 909 output using spreading codes for the
20 mobile station. The signal detector 912 then uses the despreader 908 outputs to recover

data symbols intended for the mobile station.

When a mobile station is within a soft handover area, two or more base stations may
transmit the same set of data symbols to such a mobile station simultaneously. Each base

25  station employs a different set of long scrambling codes, and same or different set of short
channelization codes. In the cell search process, the mobile station is able to acquire two
or more sets of long scrambling codes relating to the base stations that are close to the
mobile station. The mobile station then uses the spreading codes corresponding to each
base station to recover data symbols transmitted from that base station. After that, all

30  detected data symbols are finally coherently combined to provide a better detection

performance for the mobile station.
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U&' () - 3109¢10&1q §howt @I ddR d{agrasn dfx Rake receiver 1000 in a mobile station, having a

CPICH/CCPCH signal canceller for soft handover applications according to a fifth
embodiment of the invention. The Rake receiver 1000 consists of a cell searcher 1002, a
code generator and path searcher I 1005A for a base station 0, a Rake combiner I 1010A

10  for the base station 0, a code generator and path searcher IT 1005B for a base station 1,
Rake combiner IT 1010A for the base station 1, a CPICH/CCPCH canceller 1007, a base
station (BS) combiner 1011 and a signal detector 1012.

A received signal y(n) and any corresponding rays are provided to the cell searcher 1002
15 for processing, the output of which is then processed by the code generator and path
searcher I 1005A for the base station 0 (BS0) and the code generator and path searcher 11
1005B for the base station 1 (BS1). The output of the code generator and path searcher I
1005A is provided to the CPICH/CCPCH signal canceller 1007 and Rake combiner I
1010A, while the output of the code generator and path searcher II 1005B is provided to
20  the CPICH/CCPCH signal canceller 1007 and Rake combiner II 1010B. The received
signal y(n) is also provided to the code generators and path searchers I and IT 1005A and
1005B and the CPICH/CCPCH signal canceller 1007. The cell searcher 1002 performs
cell search based on spread signals in the common channels CPICH and CCPCH, and
provides parameters relating to slot synchronization, frame synchronization and long
25 scrambling codes of two base stations BSO and BS1. A typical slot synchronization
parameter is the time delay for the first arrived ray for each base station. The code
generator and path searcher I 1005A generates a combination of long scrambling codes
and short channelization codes, or spreading codes, for the CPICH and CCPCH and the
DTCH dedicated to the mobile station in relation to the BS0, and performs path search
30 based on data symbols in the CPICH, and detects the time delays for several dominant
paths or rays and the corresponding instantaneous channel responses from the BSO to the

mobile station. The code generator and path searcher II 1005B generates a combination of
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long scrambling codes and short channelization codes, or spreading codes, for the CPICH

and CCPCH and the DTCH dedicated to the mobile station in relation to the BS1, and
performs path search based on data symbols in the CPICH, and detects the time delays for
several dominant paths or rays and the corresponding instantaneous channel responses
from the BS1 to the mobile station. Based on the outputs provided by the code generator
and path searcher I 1005A and code generator and path searcher II 1005B, the
CPICH/CCPCH signal canceller 1007 performs cancellation of the CPICH and CCPCH
spread signals from both base stations using the received signal. The CPICH/CCPCH -
cancelled signal is then passed to the Rake combiner I 1010A and Rake combiner II
1010B. The BS combiner coherently combines the outputs from the Rake combiner I
1010A and Rake combiner II 1010B, the output of which is provided to the signal detector
1012. The signal detector 1012 then recovers data symbols in the dedicated DTCH from
the BS combiner 1011 output.

Since information relating to the common channels CPICH and CCPCH is acquired by
and known to the mobile station after the cell search and BCH detection, the MMSE
criterion may be easily applied to cancel the CPICH and CCPCH spread signals from the
received signal. For example, the CPICH may be used to estimate the channel responses,
with which the CPICH and CCPCH spread signals may then be cancelled from the

received signal.

A CPICH/CCPCH signal cancellation method for soft handover application is described
in detail hereinafter. The transmitted signals from each base station x"(n) and x*(n)

may be expressed as:

N~]
xM(n) = Zx,(')(n) + xs,) (n) +x(n)
1=0

x?P(n) = Z x2(n) + x2(n) + xD(n)

where x((n), x(n) and x™(n) are spread signals in the CPICH, CCPCH and an /th

user, respectively, corresponding to an mth base station (m = 1,2). The spread signals
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scrambling codes and short channelization codes, for the mth base station. For soft
handover applications, the 0™ DTCHs of both base stations dedicated to the mobile station

5 are used to carry the same data symbols s,(k) to the mobile station.

The channel responses from each base station to the mobile station are respectively

MO

ROy = D a0z -1)
m=0

MO

10 KPn0)= Y aP@Os(r-12)
m=0

where @' (¢) and t* are the path gain and time delay of the mth path, respectively, from

k)
the kth base station with ZZ:o l |:

} =1, and m™ is the number of resolved rays

from the kth base station to the mobile station.

15
The channel responses are constant within the observation interval, & (f) = @¥. The
received signal is expressed as:
(1) ~t 4(2) [
1 1 2 (2
y(n) = Za( x(n-p)+ Y aPx(n-pP)
m=0
20

where p =7 /T, |and p® =|c2 /T |.
The mobile station is then required to recover the 0™ DTCH’s data symbols s, (k).

25  Since the data symbols in the CPICH and CCPCH of the two base stations are detectable
by the Rake receiver 1000 and the spreading codes for the CPICH and CCPCH are
acquired by the Rake receiver 1000, the CPICH/CCPCH signal canceller 1007 is able to
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yielding a CPICH/CCPCH - cancelled signal y(n) as follows:

MO MB| MD-| M-y

10 Fm=ym- Y a0 n-p)- Z‘;"“ﬁ?(n -p"y~ Za,‘,? D (m-p- }:‘if’ 2 (n-pP)

m=0

If the time delay and instantaneous channel responses are well estimated and the
CPICH/CCPCH spread signals are reconstructed accurately, the CPICH/CCPCH —
cancelled signal then consists only of the DTCH components from both base stations.

15  Thatis to say,

MO N-l M®_y

ORDWOEHC D) “)Zx,‘”(n )

m=0 m=0

In this case, the CPICH/CCPCH-cancelled signals may be used to recover data symbols
20 embedded in the dedicated DTCH from each base station.

FIG.11 shows a block diagram of an equalizer receiver 1100 in a mobile station, having a
CPICH/CCPCH signal canceller 1107 for soft handover applications according to a sixth
embodiment of the invention. The equalization receiver 1100 consists of cell a searcher

25 1102, a code generator and path searcher I 1105A for a base station 0, an equalizer I
1109A for the base station 0, a code generator and path searcher II 1105B for a base
station 1, an equalizer II 1109B for the base station 1, the CPICH/CCPCH canceller 1107,
a base station (BS) combiner 1111, and a signal detector 1112.
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to the cell searcher 1102 for processing, the output of which is then processed by the code
generator and path searcher [ 1105A for base station 0 (BS0) and the code generator and
path searcher II 1105B for the base station 1 (BS1). The output of the code generator and
5  path searcher I 1105A is provided to the CPICH/CCPCH signal canceller 1107 and
equalizer I 1109A, while the output of the code generator and path searcher IT 1105B is
provided to the CPICH/CCPCH signal canceller 1107 and equalizer II 1109B. The

received signals y,(n),...,y,,,(#n) are also provided to the code generators and path

searchers I and II 1105A and 1105B and the CPICH/CCPCH signal canceller 1107. The
10 cell searcher 1102 performs cell search based on spread signals in the common channels
CPICH and CCPCH, and provides parameters relating to slot synchronization, frame
synchronization and long scrambling codes of the two base stations BSO and BS1. A
typical slot synchronization parameter is the time delay for the first arrived ray for each
base station. The code generator and path searcher I 1105A generates a combination of
15  long scrambling codes and short channelization codes, or spreading codes, for the CPICH
and CCPCH and the DTCH dedicated to the mobile station in relation to the BS0, and
performs path search based on data symbols in the CPICH and detects the time delays for
several dominant paths or rays and the corresponding instantaneous channel responses
from the BSO to the mobile station. The code generator and path searcher II 1150B
20  generates a combination of long scrambling codes and short channelization codes, or
spreading codes, for the CPICH and CCPCH and the DTCH dedicated to the mobile
station in relation to the BS1, and performs path search based on the data symbols in
CPICH, and detects the time delays for several dominant paths or rays and the
corresponding instantaneous channel responses from the BS1 to the mobile station. Based
25  on the outputs provided by the code generator and path searcher I 1105A and code
generator and path searcher II 1105B, the CPICH/CCPCH signal canceller 1107 performs
cancellation of the CPICH and CCPCH spread signals from both base stations using the
received signal. The CPICH/CCPCH - cancelled signal is then passed to the equalizer I
1109A and equalizer II 1109B. The BS combiner 1111 coherently combines the outputs
30 from the equalizer I 1109A and equalizer IT 1109B. The signal detector 1112 then
recovers data symbols in the dedicated DTCH from the BS combiner 1111 output.
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5  Mini-Max equalization with CPICH/CCPCH code cancellation

Further embodiments of the invention are described hereinafter in relation to the Mini-

Max symbol equalizer based on the constrained minimum output energy criterion.

The conventional Mini-Max equalization technique is based on the criterion that, with

10  perfect ZF equalization, despreading using spreading codes of a mobile station should
recover the mobile station data symbols, while the result of despreading using any unused
spreading codes should be null. Therefore, the technique involves the generation of
equalization coefficients by minimizing the total power of despread outputs based on the
unused spreading codes, and maximizing the power of the despread output based on the

15  spreading codes of the mobile station.

Spreading codes used in relation to the conventional Mini-Max equalization technique are
shown in FIG.12. With reference to FIGS. 12 to 15, the term “codes” refer to short
channelization codes since long scrambling codes are common to all mobile stations

20  within the same cell or sector. The used codes, which are designed for use when required
in mobile stations for despreading, and unused codes, which are not used at all by any
mobile stations for despreading, form the whole set of orthogonal codes in a cell or sector.
The used codes consist of active codes inclusive of codes assigned to the common
channels CPICH and CCPCH and codes assigned to active mobile stations, and inactive

25 codes assigned to inactive mobile stations. The codes used in relation to a maximization
constraint consist of the active codes assigned to the common channels and active mobile
stations, while the codes used in relation to a minimization constraint consist of the unused
codes. The mobile stations with conventional Mini-Max equalizers need to acquire
information relating to the unused codes, which is not only difficult, but also impossible

30  when the CDMA downlink transmission system is fully loaded, since there are no unused

codes in that case.
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from all orthogonal codes. The codes used in relation to the enhanced Mini-Max

equalization technique are shown in FIG.13, in which the codes relating to the

5  minimization constraint are the unused codes while the codes relating to the maximization

constraint are all orthogonal codes. With this minimization constraint, IFI may be

minimized, as well as the power for the undesired path, while with all orthogonal codes

relating to the maximization constraint, the power for the desired path is maximised. With

the use of all short channelization codes for the maximization constraint, an enhanced

10 Mini-Max equalizer possesses a higher working SNR than a conventional Mini-Max
equalizer. The enhanced Mini-Max equalizer thus yields better ZF equalization results
than the conventional Mini-Max equalizer, especially when the transmitted power for the

mobile station is much weaker than that for other mobile stations.

15 A Mini-Max equalizer according to a seventh embodiment of the invention employs a
combination of the CPICH/CCPCH signal cancellation method described with reference to
Fig. 6 and the enhance Mini-Max equalization receiver. With CPICH/CCPCH signal
cancellation, the codes assigned to the CPICH and CCPCH are thus considered as unused

codes.
20
FIG.14 shows codes used in the conventional Mini-Max equalization technique employed
in the equalizer receiver with CPICH/CCPCH signal cancellation. The codes relating to
the maximization constraint are the codes assigned to the mobile station, while those
relating to the minimization constraint are the codes assigned to the CPICH and CCPCH.
25

FIG.15 shows codes used in the enhanced Mini-Max equalization technique employed in
the equalizer receiver with CPICH/CCPCH signal cancellation. The codes relating to the
maximization constraint are all orthogonal codes, while those relating to the minimization
constraint are the codes assigned to the CPICH and CCPCH. This is common for all users
30  within the same cell or sector, and may be used to simplify the complexity of the receiver

structure.
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Computer 51mulat10n and results therefrom are described hereinafter for comparing the
various equalization techniques with reference to FIG. 16. A DS-CDMA downlink
transmission is simulated with Walsh codes of length 16 (PG = 16). Binary phase shift
keying (BPSK) random codes are used as long scrambling codes. The codes for the
10 common channel CPICH and dedicated channel DTCH for a mobile channel occupy the
first and second sets of codes. The total number of mobile stations, including the CPICH,
is denoted as K. Each slot consists of four quadrature phase shift keying (QPSK) pilot
symbols and 60 QPSK informational data symbols. 1000 slots are transmitted to evaluate
the average BER performance, each of which possesses an independent set of static fading
15  channels. The four pilot symbols are used to recover the phase information for coherent

detection.

In the computer simulations, the background noise spectrum density NO of the mobile
station is first fixed, followed by varying the transmitted powers for different channels

20  such that the transmitted Eb/NO for the CPICH code is 33 dB, and the transmitted Eb/NO
for other DTCH codes are all 30 dB. The transmitted power for the dedicated DTCH code
is varied according to the Eb/NO values. The path gain for the mobile station is 1. The
reason for choosing such high transmitted powers for the CPICH code and other DTCH
codes is that it is an objective to determine the robustness of the enhanced Mini-Max

25 equalization technique in relation to the near-far problem. In fact, the average received

Eb/NO for the mobile stations close to the cell boundary may be very small.

Two reception antennas are used to acquire transmitted signals, Each channel follows a
three-path model, each path is delayed by one chip, and modeled as an independent
30 Rayleigh fading channel. Received signals are first passed to two linear finite-impulse-

response (FIR) equalizers, followed by a combiner, and in turn followed by a despreader.
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It is assumed that the CPICH and other DTCH codes are transmitted through different

channels. To achieve this, all DTCH codes are assumed to be transmitted through the

same physical channel, while for the CPICH code, the channel responses are same as those

for DTCH codes, except that the first tap coefficient has 180 degree phase difference from
5  that of DTCH codes.

The following equalization techniques are compared:

1. Mini-Max algorithm proposed by Li and Liu (LL algorithm) in a paper entitled “A
10 new blind receiver for downlink DS-CDMA communications”, IEEE Communications
Letters, vol.3, No.7, pp.193-195, July 1999;

2. Pilot-aided symbol equalization (Pilot equalization) proposed by F. Petre, M.

Moonen, M. Engels, B. Gyselinckx and H. Man in a paper entitled “Pilot-aided adaptive
15 chip equalizer receiver for interference suppression in DS-CDMA forward link”, Proc. of

VTC-Fall’2000, 2000, in which a pilot channel is used to update the equalization

coefficients, which are then used to equalize the dedicated channel;

3. Rake receiver (Rake), where the performance of the Rake receiver is used for

20  comparison;

4. Improved Mini-Max equalization algorithm with CPICH code cancellation (New
algorithm), in which all codes are used to construct the maximization constraint, while the

short channelization codes assigned to the CPICH is used for minimization constraint; and

25
5. Dedicated channel MMSE equalization (MMSE), in which a dedicated channel is
equalized using MMSE criterion assuming the data for the dedicated channel is known
completely, where the BER performance of this method serves as the lowest boundary for
comparison purpose.

30

To evaluate the performance of the CPICH signal cancellation and improved Mini-Max

techniques simultaneously, K is set at 16, i.e., the CDMA downlink transmission system is
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CDMA downlink transmission system,

FIG.16 shows the average BER performance with respect to the transmitted Eb/NO of the
mobile station for different algorithms. The following is observed from the simulation

results shown in FIG. 16:
10 1. Due to the strong interference, the Rake receiver completely fails to work;

2. Since the CPICH and other DTCH codes are transmitted through differe;lt physical
channels, the pilot equalization method does not provide good equalization for the DTCH
code;

15

3. The LL algorithm fails to work since there are no unused codes available; and

4, Even though the CDMA downlink transmission system is fully loaded, the new
algorithm is still applicable to CDMA downlink transmission system.

20
In the foregoing manner, receiver structures and methods for CDMA downlink
transmission, namely Rake receivers with CPICH/CCPCH signal cancellers, equalization
receivers with CPICH/CCPCH signal cancellers, and Mini-Max equalization technique
applying CPICH/CCPCH signal cancellation are described for addressing the need for

25 achieving power savings, capacity enhancement, and throughput increment for CDMA
downlink transmission. Although only a number of embodiments of the invention are
disclosed, it will be apparent to one skilled in the art in view of this disclosure that
numerous changes and/or modification can be made without departing from the scope and
spirit of the invention.

30



10% & ()-10% & ()-31910% & ()-rZg}~?YNCO! @0% & ()-Y10% & ()-!0t!10% *
& ()-SUI10% & ()-SItI10%ME ()- S 10% & () - W A2YNCD! &

10% & ()-!F" 109V& () - SOF"10% & ()-S! F'109& () - S310% & () - 910% & () - QXdEYNC
0! 110% & ()-010% & () -

"10% & ()-, ML0% & ()-1+10% & ()-1 (ML0% & ()-_]~\:0!!L! 10%z& ()-' 0! UL! 10%Iu&
'()-'0l'L! 10%p& ()-'0 10t 10t 10t410% & ()-310% & ()-] Rwi[MO!!L!10% 10 10
10! L! 1098 E)aim®' L! 109& ()-' O'L! 109& ()-' O!L!10%z& ()-'0 e

}[OM 0! 1 £ 3"10%&' ()-!y! 100& ()-!y! 109EE& ()-11 109& ()-1II

109%& ()-!1L109% ()- ~}oMO!!f3"109%f9 "109% ()- 10 10

10! (13100 () -4 CAR A Fhbleiea¥oiim? kBl B hibiaikOiied - 11 " 10%. -
communication between a base station and a mobile station in which the receiver is
5 implemented, the receiver comprising:
a cell searcher for receiving at least one signal from the base station and retrieving
therefrom a common code relating to a cell;
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;
10 a first path searcher for receiving the at least one signal and performing a search
for multiple paths by which the at least one signal arrives at the receiver; and

a canceller for canceling data in the at least one communication channel from the

at least one signal based on the output of the code generator and first path searcher.

15 2. The receiver as in claim 1, wherein the canceller removes the data in the at least

one communication channel from the at least one signal.

3, The receiver as in claim 2, wherein the canceller reconstructs the data in the at
least one communication channel based on the output of the code generator and first path

20  searcher.

4. The receiver as in claim 3 wherein the canceller applies the minimum mean-

square-error optimization criterion.

25 5. The receiver as in claim 4, wherein the canceller uses channel responses obtained
by the receiver in relation to the multiple paths by which the at least one signal arrives at

the receiver.

6. The receiver as in claim 1, wherein the at least one communication channel is a

30  common channel in the cell.
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multiple paths and estimate channel responses therefor based on the at least one

communication channel.

9. The receiver as in claim 8, further comprising a second path searcher for receiving

10  the output of the canceller and performing a search for multiple paths therewith.

10.  The receiver as in claim 1, further comprising at least one despreader for receiving

the outputs of the canceller and code generator for dispreading the output of the canceller.

15 11.  The receiver as in claim 10, further comprising a Rake combiner for receiving the

output of the at least one despreader and combing the despread output.

12.  The receiver as in claim 1, further comprising an equalizer for receiving the output
of the canceller and code generator for equalizing the output of the canceller.

20
13.  The receiver as in claim 12, further comprising a despreader for receiving the

output of the equalizer for despreading the output of the equalizer.

14.  The receiver as in claim 13, wherein the equalizer generates equalization
25 coefficients based on the minimization of the total power of the despread output in relation
to unused dedicated codes and maximization of the power of the despread output in

relation to a dedicated code relating to the mobile station.

15.  The receiver as in claim 14, wherein the equalizer generates the equalization
30  coefficients based on the minimization of the power of the despread output in relation to a

dedicated code relating to the at least one communication channel.
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retrieving therefrom a common code relating to a cell;
15 generating using a code generator a set of common and dedicated codes relating to
at least one communication channel using the output of the cell searcher;
receiving using a first path searcher the at least one signal and performing a search
for multiple paths by which the at least one signal arrives at the receiver;
canceling using a canceller data in the at least one communication channel from
20 the at least one signal based on the output of the code generator and first path searcher;
receiving using an equalizer the output of the canceller and code generator for
equalizing the output of the canceller; and
receiving using a despreader the output of the equalizer for despreading the output
of the equalizer.
25
19.  The method as in claim 18, wherein the step of equalizing using the equalizer
comprises the step of generating equalization coefficients based on the minimization of the
total power of the despread output in relation to unused dedicated codes and maximization
of the power of the despread output in relation to a dedicated code relating to the mobile
30  station, including the minimization of the power of the despread output in relation to a

dedicated code relating to the at least one communication channel.
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40
20.  The method as in claim 18, wherein the step of equalizing using the equalizer

comprises the step of generating equalization coefficients based on the minimization of the
total power of the despread output in relation to unused dedicated codes and maximization
of the total power of the despread output in relation to all orthogonal dedicated codes in

5  the cell, including the minimization of the power of the despread output in relation to a

dedicated code relating to the at least one communication channel.



