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and TS- CDVA standards, all of which are known in the
art. [0004] In sonme wireless (e.g., CDWVA)
conmuni cati on systens, BAGCKGROEXNDbe transmtted from
atransmtter unit (e.g., a termnal) to a receiver
unit (e.g., a base station) to assist the receiver
Fiﬁfdt to performa nunber of functions. For exanpl e,
t pil ot may be used at the receiver unit for
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in a cdma2000 system the spreadi ng sequence for each
of communication such as voice, packet data, and 5o on.” These systems may be based
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on code division multiple access (CDMA), time division multiple access (TDMA), or
some other multiple access technique. CDMA systems may provide certain advantages
over other types of systems, including increased system capacity. A CDMA system is
typically designed to implement one or more standards, such as IS-95, cdma2000, IS-
856, W-CDMA, and TS-CDMA standards, all of which are known in the art.

[0004] In some wireless (e.g., CDMA) communication systems, a pilot may be
transmitted from a transmitter unit (e.g., a terminal) to a receiver unit (e.g., a base
station) to assist the receiver unit to perform a number of functions. For example, the
pilot may be used at the receiver unit for synchronization with the timing and frequency
of the transmitter unit, estimation of the channel response and the quality of the
communication channel, coherent demodulation of data transmission, and so on. The

pilot is typically generated based on a known data pattern (e.g., a sequence of all zeros)
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to the pilots transmitted by all other terminals may be a large percentage of the total
interference experienced by this terminal. This pilot interference can degrade
performance (e.g., a higher packet error rate) and further reduce the reverse link
capacity.

[0008] There is therefore a need for techniques to cancel interference due to pilots in a

wireless (e.g., CDMA) communication system.



typically includes a nunber of signal instances (i.e
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data pattern (e.g., a sequence of all zeros) and

channel i zed with a known SORMIgRZati on code (e.g., a

VWl sh code of zero), then the pilot in an interfering

rrul t iAspedis nhihelpzesest inverttizg msv1é¢ tpphl}aqlae%fpr eﬁunatglg and canceling

PRSI B S FLRRIPBol b e i sena
thpIEAL iRERBELa hi@BEsFCgdal i faheds! (0 l l’ﬂﬂlﬂipdﬂ@) h Pmikfadhanultlpath to
estimated based on the spreading uence and

t@sﬂﬁ‘m@éa@ﬂ fike ehein rﬁi@ﬁlrfr(’es}p'dﬁlé’@hbft hatlouin |a§12trﬁultlpaths are
ét\é\ﬁe) ence t :(%ag% iﬂeﬂ% ge% rgc?grﬁﬁt L O}H%' ]Hbgrl? g&b@a&@tbﬁged on a

Kidlvil @z&ﬁ hﬁttﬁi&ly (e, Gesdquetteant a uietrasgcanddcﬁannamzteldewuh a known
recei ved signal to provide a pilot- cggceled ﬁlgn
&

Fhanneligatiare cg«#q 25 it JY3legh €pde of Afedben he1o1lof i GReinterfering
SR S S o, YL B8 g
tb thesarvii aleings of thet multipaidira ﬂﬁ:&e()elvmmnun iTha piloninteyferense from each
eGHERE BUMIICERY BF ROt el PO THOHIERS Srddp geumat

SfthiBh el 1REHIHEE Sf thalinhiDiipath Swhidh tnhaﬁ}" BeYesBHRERSISAREd b the pilot).
provi de data sanples. The data sanples are then

Breot@@é pilgt interfesenageduentoss numh@reofomtwf@@nsum@tlpaths may be derived
& A SLSRAEAS ASgGRE R, APl S CABLAL] Bl ve

@Ioelﬁt@fférbwergmmd]ed to derl ve the total pilot

interference. The total pilot jnt erference is the
subt riacersd spacHis emdodinpent.sa ipgthed oy 6‘?‘%99]“&% Pﬂot mterference at a
B R RER, P BB AT s G SePay i eRmpunication system
is @ﬁﬁiﬁdemln dn bokesiared with the alethiods & asveved nighhlecongused efla number of
gnal . [0011], The pilot_ interference dye to ea :
SN PSEICRYy eg%lg RAVHSH fghidEs AeR}Obels daifi ﬂ%@é%ceﬁi?ﬁq?)l’mde data
%ﬁ'ﬁﬁ’é seadinp gdatti]% gk@ ﬁ@qﬁéﬂa r(yc‘z‘e.txsléd FoSrRRAUAN GsHRAECHT the pilot
t he "si gnal tance, channel i zi ng the despread
mtmieteaase wiue Ho aeaph |crﬁtorxshmnmm @aterfsnng)osignalompmmmd end the pilot

Bt ER5hSer b bt St IR BB RURES, hfgornce. e

folt$ bAGG RterfBifcé ) therlbdbuRbid ient the damrsa@gld@go ﬁﬁyuw;ﬁﬁ)t -canceled
for the signal instance with the esti mated channel

qlaé% §ﬁg¢1§@s iqhr asg ferther peocessed fndasiyesiemedulatadedatatos gach of at least
{ d nul h
B R R 0 Py Hledbed AR 07 Ot cancel od dat a

S an‘pl Bise piléthintehfereipe daeitn gacheinteefeciag fsignat hstancgnaly be estimated

t 2)ch I
i) SR SRR 6 i

(2) channelizing the despread samples with a pilot channelization code to provide pllot

symbols, (3) filtering the pilot symbols to provide an estimated channel response of the
signal instance, and (4) multiplying the spreading sequence for the signal instance with
the estimated channel response to provide the estimated pilot interference. The data
demodulation for each desired multipath may be performed by (1) despreading the pilot-

canceled data samples with the spreading sequence for the signal instance, (2)



synbol s, and (3) denodul ating the data synbols to
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[0015] FIG. 1 is a diagram of a wireless communication system;

[0016] FIG. 2 is a simplified block diagram of an embodiment of a base station and a
terminal;

[0017] FIG. 3 is a block diagram of an embodiment of a modulator for the reverse link
in cdma2000;

[0018] FIG. 4 is a block diagram of an embodiment of a rake receiver;

[0019] FIG. 5 is a block diagram of a specific embodiment of a finger processor within

the rake receiver, which is capable of estimating and canceling pilot interference in

addition to performing data demodulation;
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ESSOf BT %’ bl ock di agram of a receiver with a
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Si g nm eﬁghﬂ]ﬁ %yaéleea}(%lhnp?en E)F i ngn\%tlut 0'91 fbaaégns%?ﬁﬁlgyprovided by

the transmit filter of FIG. 3 and a receive filter in the receiver of FIG. 2.

DETAILED DESCRIPTION

A signal transmitted from a terminal may reach a base station via one or multiple
signal paths. These signal paths may include a straight path (e.g., signal path 110a) and
reflected paths (e.g., signal path 110b). A reflected path is created when the transmitted
signal is reflected off a reflection source and arrives at the base station via a different
path than the line-of-sight path. The reflection sources are typically artifacts in the
environment in which the terminal is operating (e.g., buildings, trees, or some other
structures). The signal received by each antenna at the base station may thus comprise a

number of signal instances (or multipaths) from one or more terminals.



nunber of signal instances (or nultipaths) fromone or
nore termnals.[0032] In system 100, a system
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base station controller (BSC)) couples to base
stations 104, provides coordi®ation and control for
the base stations coupled to it, and further controls
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ﬁe}ﬁ(d SO d%nrhzga'%ﬁ%g processor 214 then formats and

rent types of traffic based on one or
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and the coded data from TX data processor 214, and further processes the received data
to generate modulated data.

[0035] FIG. 3 is a block diagram of an embodiment of a modulator 216a, which may be
used for modulator 216 in FIG. 2. For the reverse link in cdma2000, the processing by
modulator 216a includes covering the data for each of a number of code channels (e.g.,
traffic, sync, paging, and pilot channels) with a respective Walsh code, Cx, by a
multiplier 312 to channelize the user-specific data (packet data), messages (control

data), and pilot data onto their respective code channels. The channelized data for each



traffic, sync, paging, and pilot channels) with a
respective Wal sh code, Cdlx, by a nmultiplier 312 to

woheosreddsge t he user-specific data (packet dat afT/US2005/023307
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nmessages (control data), and pilot data onto their
respective code channels. The/channelized data for
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BT aTS; Uio p  GHBiTos I8 ETASE by GO Kiegpent 324
Haliplied A48 A69- cﬁaﬂ'rre) PRI qhehict B?fa rﬁlﬂﬁgﬁé‘f 3m6bhddchBatkd by a factor of
spreadi ng sequence by a nultiplier 330 to generate a
t@&@a@llpmgnts&%a @nd soverpd withrraWedsh code (G ch'ag ped fysgper Spread with

L e

dhaane] QAP | @xh&peE BN ssquaeaifngehe SsmpleRahoit PN papiehidecused by all

to the terminal. [0037] Wthin nodul ator 216a, é}]h

terreimalsn dihedaang %ﬁareaqlfeg ESLURBTRTSPTIE AReaCqriics. spisading ggquence, Si,
fmf]fa and Q spreadi ng sequences (S i +

ﬁ%ﬁ&))%pé S@‘gto\z;ﬂ%%ﬁp eX multiply operation perforned by a

mul ti Whthm nﬁd@l,atdrdlg:a rise Btlenhelsiutean tatchamaeQlap2ac- /Dang)

55 P SR e AR Peviaing SabC: (S BBe Yk fpmplex multiply

%BF%Q +I§G§th Qg@?yl':fgﬁﬁﬂt?mr 646 ng %eﬁgmg:g Sﬁ;g% di‘tgtag@ Q spread data

@uppriDses. Thecomplek d@ﬁmeadatgapmrwm@@ tpyexpoasedbasor
216a. [0039] The nmodul ated data is then provided to a
tPansiPrper @'MI*RADcﬂﬂ)Ségkahdsmbndl tioned. Tran it er
218a is an enbodi nent of transmitter 218 in FF&(

The = (DS — DchQSkQ)+J(DchISkQ+DhQSkI) .

The I and Q spread data comprises the modulated data provided by modulator
216a.

The modulated data is then provided to a transmitter (TMTR) 218a and
conditioned. Transmitter 218a is an embodiment of transmitter 218 in FIG. 2. The
signal conditioning includes filtering the I and Q spread data with filters 352a and 352b,
respectively, and upconverting the filtered I and Q data with cos(w.) and sin(wc),
respectively, by multipliers 354a and 354b. The I and Q components from multipliers
354a and 354b are then summed by a summer 356 and further amplified with a gain, G,,

by a multiplier 358 to generate a reverse link modulated signal.



signal conditioning includes filtering the I and Q
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[0040]

[0041]

[0042]

[0043]

[0044]

[0045]

ct) and sin(wct), respectiveg¥ by multipliers 354a
and 354b. The I and Q conmponehts fromnultipliers 354a
and 354b are then sumed by a sumrer 356 and further

anmpl ifdrgnYibhék & BREM, 60 reR¥sedidRinbliPhictsic3aBid Ben transmitted
generate a reverse li nk nodul ated si gnal . [ 0040

vRearearmrmg Z@Q@Welt DWHEIGSS Qommhmcateqnehrﬁ@tOI ongler msue bagestations.
si gn tr tted via r
Wi rel Sgo c@? g}ﬁ FSVRR® t 181 %gfra%rzrpor éé é@ 0" a humber of

t&hﬁhﬁl@@ﬁe 1elcBi¥éd byAlach @ @nstcrtrhémd akzhnad DE0.r eveltipR: rtétas 250
nodul ated signals froma nunber of termnals are

mfét@ vied tgyr@a@q]smflabﬁge@ty agast gleleksrions pathoefiapin quicb |ag fading.
ACLEO0RME 1, LBl et iflac B RULAR ERBK. flo BRI rhdf be used

fex aaghl @ctok ahdahbdae: sthiddn amaytthed isolydeosik Santdmnese Any number of
sectors, two antennas may be used for each sector and

iFanpLRaY husbp GWP}Hiﬁ?dtahgﬁ‘? DRSFSIRRAR- si x ant ennas. Any
nunbeg, Hfr QR RNAES1 TOrd IR REa ?@E&ﬁ%dre@élvéﬂqﬁl@ﬁﬁ? 252, which

station. 0042 ach received sig is provided to a
aoedipient I(e:zg, :flétcfsl, \amph@m\m)wr@szyemh |au¢h d@&lhaﬁSt therrsceived signal to

et doaisoill<gR IRt rsefiRn ofeel oat ekl SRplh Y Hgh R one or

rﬁ&%%igﬁ@ﬂm&aﬂml(} e. E@ahlpraﬂ@;fdrea@i eMatuniy of Remidds. one
or nore signal instances mul ti paths) for each

of a /Elqlﬁmé ulgtor (REM Q) 851{ [f@g#sqelwsaaﬁmﬂea&eéﬂ q gtaeapples for
4 t. f
aillsfecélggg Is{g,gglgltx ?ofiﬁg tréjcr 981%8%3&%{%8 lg(?rt %9@ e@s ;ﬁ’écessmg by

provi de recovere

ReoR0RE, 251he rpdavee s shangraymikivadibatopar@odat @rmmebinetudes (1)
a data transm ssigon froma particul ar term nal

qerpieeies HPUARETBIERYI IS HEG B EACLHREICRISFA (@road the data
a?qﬂg t%l%?]ﬁﬁd 'é?)g %ﬁﬁgﬁflﬁ% tHe Qﬂﬁ;reacﬁ Qirﬁ ds tth QSQ%%@Ehatnhghze the

er mi anne ng t despr ad sanpl es
fecgVat elatr andhamhml e thewr respativedcaiat ah‘cmmdlspmlndt (%ncqherently

LG oh SRR BB FORS B PR o
19&th8du14tBr Qg@vﬂlﬁif APk af ﬁﬂ(edﬁkéivepﬁf@ ddh afrBEesd ﬁﬁulﬂmé signal

|nplenent a rake recelver t hat can rocess nultlp e
ipstgmees fonmecantesumber afdermingls.as dasenided belover ni nal s, as

255, ChaF o Vol R rai0p A58 e etid T e P8 Pppdutared

&R forte@EMeRainat & feec@y elie ﬁd&ﬁ—sp&&ﬁ’ic speand mesdgtatranehitted by the
msssalges transm tted by the term_ nal on the reverse

teimiaal orHe prvsesedikn I hepreresting by denoguaion At 1ad Rixidata processor
RO L T PO 2 P S T B 14,
@épelchieel v et thaatminal.

FIG. 4 is a block diagram of an embodiment of a rake receiver 254a, which is
capable of receiving and demodulating the reverse link modulated signals from a
number of terminals 106. Rake receiver 254a includes one or more (L) sample buffers
408, one or more (M) finger processors 410, a searcher 412, and a symbol combiner
420. The embodiment in FIG. 4 shows all finger processors 410 coupled to the same
symbol combiner 420. In some configurations, there may be a large number of finger

processors 410, such as 256 finger processors.



[0046]

[0047]

[0048]

[0045] FIG 4 is a block diagram of an enbodi nent of a
rake receiver 254a, which is capable of receiving and
wdenwdokasi ng the reverse |ink nodul at ed si gnaPeTfUSzv5/a23307
nunber of termnals 106. Rake receiver 254a includes
one or nore (L) sanple buf f e’s 408, one or nore (M
finger processors 410, a searcher 412, and a synbol
cONbifRI 04RO multhRteehadhBAL tHereldise lidk ﬁfdﬂ\dﬁtéﬂ dlgnal transmitted
finger processors 410 cou led to the sane sy
fmmbaqhetprrmzel 106nmep aEi Ve breputatianoH vmr@err@lb%@f signal paths (as

sbhar "H5c b Ao F BERERGERRCTD B SRR ima wypically

c@ﬂl‘phﬁésnﬁlﬁﬁh}blﬁahen rogVdiffe@nt irslanoesdof ﬂieedavsrsg Aalk modulated signal
transmtted fromeach termnal 106 may arriv

fepm eacinofipnumber of taimipals- dack sigral mét&flﬁ‘s(o(ré%%%ﬂ%}%lrﬁ greceived
Vi

L L T

tinns delay esting offse relaties BeCDIMK symeinltanesd I6thg mhﬂfer&ncmbetween the

S350 R CH G 47y ) 6, e s
ARRR s?én%g nﬁ’(t? at"’lhepﬂlghf oY 1@§ e@ﬁ%‘fet:éi@@p Zﬂhﬁﬁ"be @{tﬁiessed as:

arriva del ay or tine of

rel at t st e t I'f the dlfference Ea (2
betvvegxﬁ PZEWAK@FM% ?fqééj gf)ﬂ f)1e mul tipaths is m)req()
t han one PN chlp at the base station, then each

wiegei ved signal, y (t) , at the input to a respective

receiver. 252 may be res t)

+ (0 x,(g ig ﬁelv%é?‘@r% hrﬁ&l}w‘?@aﬁi é‘g?ﬁté?nﬁ@%}?rdg’é( tl*?hﬁ‘ terminal;
nDduIated signal transmtted by thej-th term na

the af yi isethe frring] time, ehthez- tbransﬁwe»n@fathedfthﬂwétlﬁath ﬁelatwe to the
multipath relative to the tinme the 7-th reverse |ink

tinsel thegitth deveisgriak modulstyd sighad, & (Bnéniransadtieds] (t)

represents the channel gain and phase for the z-th

nul ti pat, @) frepresehts the channel gainand ghaserfer thet mthanuléipath, for the j-th
and is a function of the fading process; is the

teuminalt 4t dhre Fbrantenha, ra@désf:s@npnmowga fdiRgprosesghal s i n

t he h. recei ved i g is.the s i.on_for ,ha
il 1 St Wb PBaon B eoE bk SR 1 received
the Z-th received si gnal ; and n(t) represents the
ll,-val ued channel noise at RF plus internal receiver
noi se. [0047] Each receiver 252 anplifies and

f requdncis thownmantier fos all metipatbs di/each eeeisedihk modulated signal in

the I-th received signal; and
n(t) represents the real-valued channel noise at RF plus internal receiver noise.
Each receiver 252 amplifies and frequency downconverts a respective received

signal, y,(¢), and further filters the signal with a receive filter that is typically matched

to the transmit filter (e.g., filter 352) used at the terminal to provide a conditioned
signal. Each receiver unit 252 then digitizes the conditioned signal to provide a
respective stream of data samples, which is then provided to a respective sample buffer
408.

Each sample buffer 408 stores the received data samples and further provides the
proper data samples to the appropriate processing units (e.g., finger processors 410

and/or searcher 412) at the appropriate time. In one design, each buffer 408 provides



signal, y (t) , and further filters the signal with a

receive filter that is typically matched to the
wonrersadasfilter (e.g., filter 352) used at theCcT/US2005/023307

termnal to provide a conditioned signal. Each

receiver unit 252 then digitilfes the conditioned

signal to provide a respective stream of data sanpl es,

8 dakh is8mbRENoPs QU¥dgde Setdof %g&cbfae@ss%@émés@g&af foeprocess the

408. OQ41£ Each sanple buffer 408 stores the received

eltipatbaripl tbe raerivedipighdr agseaisted esith Hbe prbfiper Idaanwther design, a

sanpl e t he @ppropyi ate processing.units (e.q. .
L b SROB IR A7 PGS BT g Syfen mutipirea
BiRedPol ﬁﬁﬁti&lﬁlﬁﬁfingeﬁ RO s 3hghas @R Bapabflitgto Af8ess a number of
provi desthe data sanples to a respective set of fin

pribpals dn ¢ time djAden myltplexcdsmannes. Mample hufers 498 nggagh 408!
R e S S R P T A

[0049] (e. g.Searchendl? icusdd\to s¢amch forlstiopg exddpanininethy réceived signals and
particul ar finger .processor that, has the capability to
BoERE S gl o6 e AT EPAPAAITERE 4T £3HETOGRY MUy RN thal meets a
JEUbE EREEX FHEBENEN for PRNBENOYT 4 Egﬁc&ﬁ@]&%ﬁﬁﬁa& R%Q@f performed

may al so be 1 nplenmented as a single buffer
apprrogbatingt ibe slateesaamplessioe @dch fe00ed sigmal withrtheg 1@mimal’s spreading

used to search for,stron | tipaths.in.the receive
Eiet oS Eehelibs Rl Pt 3b Sin, FHrieie ck BREeSE nDve to the
fBadd-taniog ftueashiht prddint stk thbaorlRebs of theda@fsamples
criteria. The search for nmultipaths of a particular

wish the, sprepding \ssfeence yhodds b Havg exgepomiben £he mhasehel the locally-
AALER QuSAED SESHE FLOUR oML EGAR, o ypih o e
ooafei abida reduitp irod hivhibratii p of fsets (or phases). Due to
t he pseudo-random nature of the spreading seguence, )

[0050] t he dirreariniqversedinkimppdudpiedssignalpldd »wearehar Hd 2 spayauayide a set of
sequence shoul d be | ow, except when the phase of the
Inscalnhgrg dineer effssth. $py Qv nef of @i onswre Butipathsdppphtog that reverse
with that of a nultipath, in which case the

lindy medilptied ignak (possbly plonghvighthe signal strangdopf eh feundymultipath).
everse.d i.nk nmodul a signal ,..X (¢t earcher 412 .. .
FRIFRE SrstD o Te BBl Ehy S PR P ot felotyp P BeHSE 6 timing or
a set of one or nofe nmultipaths_found for that }
CBYLE s bmohminns) e Salot e (AR OB B MO qagtion ()
signal sirength of each found multipath). The tine
B BBl e U BT Py 412 mre
[0051] el atgesgchep 41hembRse dsBinb® Wit Bhé BrahuldpMAsdaydHef Mnits, each of
time, and are related to the tine offsets, iujl

whishmayrbeedesigne®p feaichvips whltipaths cwpra feppeqtive seasch pinglow. Each
of signal transm ssion. .S c b

o RRov; BRABR 33p0 ot PRl SRURAR pfis b Bargped. The
sahiichér MRmts bmagebé gnrehtéd iaepmahell @6 $pebd | pRthe aedh @dperation.

res_Pective search w ndow. Each )
Additionally or alternatively, searcher 412 may be operated at a high clock rate to speed

up the search operation. Searcher and searching are described in further detail in U.S.
Patent Nos. 5,805,648, 5,781,543, 5,764,687, and 5,644,591.

[0052] Each finger processor 410 may then be assigned to process a respective set of
one or more multipaths of interest (e.g., multipaths of sufficient strength, as determined
by controller 260 based on the signal strength information provided by searcher 412).

Each finger processor 410 then receives, for each assigned multipath, the following: (1)



search wi ndow i ncl udes a range of spreadi ng sequence
phases to be searched. The searcher units nmay be
wopercanedsi n parallel to speed up the search opeTAS2®N023307
Additionally or alternatively, searcher 412 may be
operated at a high clock ratdlto speed up the search
operation. Searcher and searching are described in
Hrdﬁﬁes% Rigbt tHeebbived Hat8Mat Mude@,tﬁ@ﬁss%ﬁd multipath, (2) either
, 781,543, 5,764,687, and 5, 644,591. [005 Each
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respective set of one or nore nmultipaths of interest
fitesg correvpbhdipgtd sheofims udffseGizgnt (vatickenglyrhe gemierated by a spreading
determ ned by controller 260 based on the signal
stnamng tgendratoo 1), iand (Prthe chimneliyation aodh €.g .4 2) Walshchde) for the

LB R Beeer, 13 Uhen dce ok Tof Sach 61 80Rd e
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(2) either the tinme offset, t { of the assigned
protessipg bly fimgenpropessat Ifkis d@&qubﬁt@ fugther dgtaihbeloyshas e

corre ng .t.o t tine offse y .
[0053] gener%(rg%oq ﬁf’g‘éblgeﬁr%ﬁ)d er?ﬁlvgsédueﬁérélb%nﬁetb%@é@ Oﬁ%‘g@ %Ar?% @ie., the
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foe%ﬂ@vf&ﬁl recdVerdRE$hbol @by (HRYIERAINAC ONBIIASTe Hétbol R6RIbIRE may be
denodul ated synbol s for all assi ?ned mul ti pat hs
providedcth ¢anchireitly anmblr@emmlm doo multile desnigalsof Thegecovered

B0 R e BT RRR P Bl Vireieang Ui PR REb ARt dagoged

[0054] for tig: asstannd 6l thepafuifpathdy rkgl beombifeeiedd Hasddhe@n various
conbi nesaifrhe ti rgre al i gned g)em)dul at ed synbols for each

d@mrdmpr dasigns ol eélrﬁtétegv@n@éprsiﬁ%m @ner fgrger peocessor is assigned to
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5 PSPPSR B, T P 5 ki

fibe thecavgle duffymaelysbd processed it é‘lSd&gmaits”aC@vehhgm particular time

provided to RX data processqr. 256 and decoded
dHaion Ges 81 RFGHGRAT RETHEN 0 B3t RAPRagichaHaNy 8 e detined tme

Q&ﬁ%gn%;tm%réggglﬁiggéﬂ&gﬂét?f Qsighhe flu@isie flhgel,aprt)éefs%rs are assigned to

deno one finger processor is assigned
pmcgss ondapleamnlmpbms infthendctivpdsignal. nVariowscaspeesl and embodiments

S ipreifrabe ey SBRoANaEdGET] § ~oobment & cover ng

[0055] & par 1rh@ WilBt idtbABrefity hnceNatldn. ﬁlay AsdPBE Ujeefol@ed MHd§HACHn various
of PN chips) and starting at sone defined tine

Enh@mdar ilosa firsi pilog dutlerfaredeqroencebation epbemgnthabvisl baspd @n the first
érﬂgc?ulatg &t gSn? lechAfitel ?gs%)lo e o? a p%rtlcular multipath is estimated based on

a segment of data samples, and the estimated channel response is then used to derive an
estimate of the pilot interference due to this multipath for the same segment. This
scheme may provide improved pilot interference cancellation. However, this scheme
also introduces additional processing delays in the data demodulation for the multipath
since the segment of data samples is first processed to estimate and cancel the pilot

interference before the data demodulation can proceed on the same segment.



process nmultiple multipaths in the received signal.
Vari ous aspects and enbodi nents are described for the

woizostootasodul at or design. [ 0055] The pil ot PCT/US2005/023307
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[0059]

interference cancellation may al so be perforned based
on various schenes. In a firsk2 pilot interference
cancel l ati on schene that is based on the first

denodyyl aﬁie@&n(‘fl ?ﬁ&)tgiﬂterfep&lcg Rapaghideshems 8hAfis dlso based on the first

particular nulftipath Is estinmated based on a segnent

esimagatatorsienighethe charhet tespa@se bfrapeticalanmudipattess potisated based on

then used.to der, ve est.imate,of the pil ot .

{ HEBEPE S e stiBeley gl SR Fruhnd dFeoPhas'l g used to derive an
SEHARNDE thehpFotS @ RedBRY R @ViHeke mulisely €6r Bie Adxt segment. This
interference cancel |l ation. However, this schene al so

schemo dnayels dite iredusk (pr presibly elinimeleayie additional gencassing delays
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¢aneclpitivnt Homtened, eines de: lndf anditiodne ntgtcandemaiyishahgeodver time, the
can proceed on the sanme_ segnent.[0Q56] In a second
type delay heturern thseureah Apdng A sBRentt bakgpt puftfigiegy short such

I 1 .
8580 P eo it AR, Pl B8 A1RSEke i e
wgmants e orolaritf, thiapdots angfeesce antimatien esd icamtedation are described
channel response is then used to derive an estinate of

?%%Wg‘?rltg?sefcﬁf“éf? ce due to this nultipath for the

next sepmERta blddd 8iaffahe bBa BRtifRCerHBOHMbR dfofHREer (Rbcessor 410x,
possi bly elimnate) the additional processing delays

which hecapabla of estiyetingt andrraneedin pilakinterferench én pidiben to performing
pnterferen ti ion C iLon -
P AL b s PR S A RIS e procesr

41078, rakdeectivee2 3l shpwineih We@N4.t e theUollewingadedcriy®ion, FIG. 5 shows
segnents shoul d be kept sufficiently short such that )
the Procsesindelemenis sind £108 ¢ ane OB drapiiealyshpwrthe saygngfar the pilot

iinﬁeré}én:cée&ﬁﬁé{{&ta‘?ldicﬁnwﬁti&?’“ segnment. For clarity,
the pilot

Interference estination and cancell ati on are
descrFinge pedcowsof 0410khés sedgred schlemodula@ODAE & Gor® “desired”

I s a block di agram of specific odi t of a
Priigaths gr ¢ A5V ) isémeﬁepngltf?f‘ér@gwgqr?%w figgoples for

BBGeCANGELIZAM Bat Ghelhdselhb ShEINpEh hs@BMd k@ Pinkser processor 410x.
perform ngthe data denodul ati on. Fi nger processor

Ruifer #8x then uzedides thee approriaig elatapsapaes Gin skgments) tallee finger
recei ver. 254a. shown in Fl 4 n the followng. .
EsE YISk ?nckﬁbgheé’ 4H &fg%dh eI“p‘]IhS ce&%é’u%e‘& Sgﬂ%{ﬂtlg Flfy > finger
Probessortfi 0Rnec168sH Rpdthslal 532, 8ot EdtendtbMI200(of BRarinBEestimator), a
pilot interference estimtion and cancell ation. [0058

FHBer S48y » detg slemodulagion ynip 850, gé @ pilet intarisriica eetiper H10.

Tor e . " N . Ccular .

1% SO e A 20 B R B e BB 38h e
mediedthadnsitigamb ahddie pitaed inddbmuhipathslii ilpadahe resdighgdgnal act as
to finger processor 410x. o

interference to this multipath. Since the pilot is generated based on a known data
pattern (e.g., typically a sequence of all zeros) and processed in a known manner, the
pilots in the “interfering” multipaths may be estimated and removed from the desired
multipath to improve the signal quality of the data component in the desired multipath.
Finger processor 410x is capable of estimating and canceling the pilot interference due

to a number of multipaths found in the received signal, including the pilot of the desired

mutltipath, as described below.



Buf fer 408x then provides the appropriate data sanpl es
(in segnents) to the finger processor when and as they
wanecreeded. I n the enbodi mrent shown in FI G 5PCTiusgms/023307

processor 410x includes a resanpler 522, a pil ot
estimator 520 (or channel estlBmator), a summer 542, a
data denodul ation unit 550, and a pilot interference
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dsringiplagion ﬂrqomrfmmagdnf lerstpr’l bosedch burst (heil eachaweeessing cycle), a
t he Sl rece ed. si ct_as in
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AR SO ROk R S B, RSt 52 oy

theg peridrns dect®atia), 1ﬁﬂeqm>la’lﬁ)nue1eai c()mbglanorf treraddif ta myvilleldscimated
of other durations), and this is within the. scope of
qatesamples 2 $hf dip O RS With BRedPTER O\ netaﬁ@nda%népg phase.
deno I
2 ¢ (IRRIERE TR Uit ok fhe RBSpIIEperformed b
[0062] pi pe:j];?![lﬁg?Angrn ra?\ﬁ tr he pilot int erfoer eence blingperformed by
msarnpimt 52%1 Th:e taceived senpl mdyplsalihsg ovdrsapgbpat a amdple rate that is a

Rl S Pk GeT Y ringmRp Ty Fiehevee Gag gn. The data
a!?rﬁ)léﬁ*ér@ st%wdt toRaipld MTESrQI0BX, Which Jtherea?t)er @Mldle% d f¥8ment of (e.g.,

notation for the z-th rrultlpathfor th ei reverse
ma ldam@mpasédr @c@rmoces@ngm dysler Rn@anxﬂmﬁ Zetélém viggamples” the data

dl)gaely?ds ﬁﬂ%H{JEFff‘% ﬁ@%{i %gpdre:sz a sI £1c' r%lﬁ%l v@l Fate 2 and with the

Iﬁfop@&[mlmg@m@sor 410K. Resarrpl er 522 rray then perform
deci mation, interpolation, or a conbination_thereof,

[0063] t o prAeFhRvHECFI OA lﬁﬁ{eée%eé\‘ﬁﬁll signahfs sHcigpipovessampledi(e.g., at
%”A st £ 2%?%5 ﬁhFI'l e %s@fnﬂh kP g nP aft}{ Qrﬁagzﬂe Eérgrmed by

grap ustrates” ar” enbodi nent
presigy ev&gy,mg f &{M’dﬂtaksymlpkﬂaﬂqnl/ﬁf fré@2the Bbﬁfer e*aeh thedelected data

signal is typically over |l ed. at a sa
§a§r9 es being tﬁ/ep ones niost close y aligned to the fimi g of t é %eztzk o% the m-th

multipath. The m-th multipath is typically a multipath assigned for data demodulation,

Pﬂatg symbols of

and the multipath’s time offset, ?

> may be determined and provided by searcher 412.
However, pilot interference due to multipaths that are not assigned for data
demodulation may also be estimated and canceled, so long as the time offset of each

such multipath is known. Each multipath’s time offset, ¢,, may be viewed as

m?

comprising an integer number of symbol periods and a fractional portion of a symbol



multiple (e.g., 2, 4, or 8) times the chip rate to

provi de higher time resolution. The data sanples are
weoetaedd4d4® sanpl e buffer 408x, which thereaftePCT/US2005/023307

provides a segment of (e.g., 512) data sanpl es for

each processing cycle. Resarréﬂer 522 then "resanpl es”

the data sanples received frombuffer 408x to provide

ﬂg@ higs At={ r}f,?+9r,” DY [‘é%t?veqe(éhé’\f)atsg sfa'ﬂ@n Brrﬁﬁ’§6r EDMA sttem time,
ase. 6063 As™SHRown | n the Fecei ved

Wi leyﬁlﬁoﬁ%gri‘oﬂ% QB finQY %E/Scﬁméngdl (gfechg charieligation e (e.g., 64
the chip rate then the résanpling for the

BN ohibs fqratdma?egO)beThpefrdcvionelcpanyofthe vini offsetviy.y, , Teayghe used to
8-th data sanple received fromthe buffer, with the
sslebtedteeplardamlar S@gmetmsofb@tm gampks ctnelsromdsttocteegeplyr 522 and for

A 5 T T B4 o o

a de Ipy
GEALID 42, B g, il 10ty e

DBhE NREindd dHaVeYSlles BrovRied! By @EdafipRACIR20ME fePresented by the

mul ti paths that are not assigned for data denodul ati on
shradeddioges.be estimated and cancel ed, so long as the

[0064] tinme P‘S%Isﬁrente 0 c?r%gg%yc?’rg e{&g%hltwlﬁﬁa@h% ?ecm@g fgngla%'hot sufficiently

mul ti
FRPRpEdN thedNintefp @G&In Maphdermtively I’ﬂi(xiddﬁﬁihanlyd e grtfoamed along
fractional portion of a synbol period (i. tm- tfuUm

with degimagion & deriVgenavy saTpRles ag@lesp(rgmqraﬁmpg Mhﬁi‘f 8% iscpvn in the
a?%stemtl me, where a synbol period is determ ned by
e length of the channelization code (e.g., 64 PN

[0065] chi pswithin @ilor26@A)tor B26, far dedpraadeat S@drteceifes hige tdecmnated data
offset, tfrac m, may be used to select the partlcul ar
sephentndfa detmepleaopijagate)o Spnewmaeseﬂgen%sﬁ;p (for, Isping a phase
and for decimation. In the exanple shown in FIG 6A
aolespanditg toribe timaroffset 7. the methahplgpathivgrose néorrﬁiteﬁfefence 1s to
multipath is tfrc m=5, data sanple segment 622 is

e estiaed. hebpfehding 46giencans), (e nagderproadediay spreading sequence
sanpl es provided by resanpler 522 are represented by

ddherasdradad HopxesrevéROBAL ifedmsI000, Bt Rpfeadiag sbyience, S, (k) , may

design in which the received S|gnal IS not

tslfdnieriteeindd shoowmefos aprpadinig séquence generaba 320i iorFIag. And as shown

alternatively or additionally be perforned along with

idddGman;, ersegmentexfithespreading agsiuenceatS, .t (e pf tiospmeilenatiy and with
hase, as is known in the art. [0065] W¢thin | ot
& SRR LigHNS phase 43 d’@%é&t@a@r@pleﬁzamﬁwdé ugecstor e %éer%%c(l e., the

FoGEHSEI SR by (D RATTE e RAUuTE droim ST YRl he
[0066] It Intmeer f%s]:pz%%igr %gﬁ I(\gInSé %E hling lrﬁe?ﬁ %t gk %8%?1&' 11118ft1p11er such as

€ sprea
PERPEBE 840 JRown in FIG. 3) despreads the decimated data samples with the

spreading sequence, S, (k) , and provides despread samples. A pilot channelizer 526
then multiplies the despread samples with the channelization code, C, , , used for the

pilot at the terminal (e.g., a Walsh code of zero for cdma2000). The decovered pilot
samples are then accumulated over a particular accumulation time interval to provide
pilot symbols. The accumulation time interval is typically an integer multiple of the
pilot channelization code length. If the pilot data is covered with a channelization code

of zero (as in cdma2000), then the multiplication with the channelization code, C;, , »



*(k) , may be provided by spreadi ng sequence gener at or
414. For the reverse link in cdma2000, the spreading

weemsmeds Sn (Jc) , may be generated as shownPEDMS2005/023307

[0067]

spreadi ng sequence generator 320 in FIG 3. And as

shown in FIG 6A a segnent dP the spreading sequence,
Sm*(k) , of the sane length and with the sanme tim ng

RERSE Airthandatift AR BzSC IR MmpIS pesfind e h&t®mulation of the
despreading (i.e., the spreading sequence, Sm*(k) is _
despreach bargplesl fnaint fespreedefePdnelnadsngatiis esshgsiineent, onpidy]symbol is

Despr eader 524 i.Gh be | mpl enen as ;a conpl ex

o Erp i eper Gemelt il T4 8 SR SRORR neldel o 5]

des preadsildthenboni fidh gallotl shansBrm|526 Até tHentprevided to a pilot filter
spreadi ng sequence, Sn1tﬁk) , and_provi des despread . )
FanwideBlictad rapask or g nsiqulardpwaass il Tesaamss | Feaaovenroise.  Pilot

AP et 45 AT Hhysote, Bk ol e

- inguiiseabspoase (MR) fitidnez0oe. othtefilacauetee [Hilooffilter 528 provides

[0068]

sanpl es are_then accunul ated over a particular .
Rkt gptimates.of, (k) nhichiags ndicatiye of 4 efanpel 1g8poRyerst the gain and
The accunyl ation time interval is typically an integer
phase.i @) e’ 31 affibe pr-thonukiipathn didchpilob gstepe, }(’@G’@t }. thpg a complex
the pilot data is covered with a channelizaﬁi n code . ..
Yrue e dhe ROt eplinan SRV Ide dt SEHEIFRY THiepiuC 4b# gFpnyingignificant
éﬂ%ﬁ%&hﬁﬂﬂfé b@hbpfesg&ﬁs,of%l BhIPhthRY EpeRsd the%epditbd. In a
pi ot channelizer 526 sinply perfornms the accumul ati on
gpecifi endeslimer dorsapijsit estithato ris peeyjsledddeeach z4gment, which has a size
@pecifi nbodi nent, one pilot synbol is provided for

S S %@ nt, which has a size of one synbol period.
[ 006 7pj1dthatepicledbe SitiRAbE 5301 eH¥h Ristifiates MR pRdt iaREfeledBe due to the
are then provided to a pilot filter 528 and filtered
b eanlpath fpmthei noxt aggnenhp dosestimateathe rpilop gxeréererse, the pilot data

:{qa:tg%/ gﬂg?@%ﬁggﬁ% (g)% 8(%%6?(2{,4,,&5 é‘ﬁ%r E@r@?ﬁ ni%‘uﬁﬁl aﬁ r':lﬂelt [fergviﬁgd ®a pilot

PRty SSZRRREE chinelisabl B Hra QIR BHEL bl Plaon code o
 potide chadbkfedapRol @eiaCatA Vépréddet MB34C idnn edceives p@ds preads the

[0069]

(i.e., the gain and phase, ameJQ" ) of the mth )
chahnélizad ipiloEdata with etspeesdingeseauenpansSy (ke N), tosgangipde gpread pilot
conpl ex value. The pilot estinmates are provided at
daid (.o @recepsedepifaictrta)hat b shraadiiggsrapeecantS,chajeshdsna phase
t he channel response of the nultigath are captured and
PupFEPAENG [hthe Speciffrt fentobdhamanth, ntrrtering) eltipat #ask i further
égvagée%vgydﬁdﬂ\fl E:)f;ipse ?grr%hg a r{esgérheﬁ/g] éscsrllqobv?lsin 18! éX. 1t the pilot data is
a sequence of all zeros and the pilot channelization code is also a sequence of all zeros
(as in cdma2000), then pilot channelizer 532 and spreader 534 may be omitted and the
spread pilot data is simply the spreading sequence, S, (k + N).

A multiplier 536 then receives and multiplies the spread pilot data with the pilot

estimates, P, (k), from pilot filter 528 to provide an estimate of the pilot interference,
I 1oy (k + N), due to the m-th multipath for the next segment. Since the pilot estimates,

P, (k), are derived from the current segment and used to derive the estimated pilot

interference for the next segment, prediction techniques may be used to derive pilot



of one synbol. [0068] Pilot interference estimtor 530
then estimates the pilot interference due to the mth

waoubdeiopstsk f or the next segnent. To estinate tReTISR®E/023307

[0070]

interference, the pilot data and the pil ot

channel i zation code, Cpilot A, for the mth nultipath

are provided to a pilot channelizer 532, which
FOBANRk 3L thel &t REREntdALR W IR filtR eRith@s. These pilot predictions
channel i zation code to provide channelized pil ot data.
meysther belased3g4letihie thereetmpted pilatridtesisrange fortthenext segment.

((3 51 2” Sl)ain,ze?{lq%ﬁéllgglt& %%lt?%ﬁg} ég% %ﬁcfsxlfi)%et% atg% il %il?lf?tgcg %,1 6F inteSrfLerr]ence due

B HIRCASE chiRpdt bt Biakahple The (8!, Rt i ad)amaayitihe tindfg phase
+ has a phase corresponding to the tinme offset

af r’\t?le afth maltipathh Thisellowisithg) esrmated ailet itraferences, forradk multipaths

P j . e
GRUANESY arby DGR 0 65 aR n BOTEL BB iing
boahdaies)do the apédmiilatelasing| Higladri time cresaluiion.al The astimated pilot
sequence of all zeros (as in cdma2000), then pil ot
igleaiarears. zhn., 5@2 B dfos shemdhmugpathayhish inglpdesdhe saee number of
the spread pilot data is sinply the spreadin i
igisFfgeenee saneplgs pyyfor 1 data sayeiplo pegmenty ig it BPVEQ$ tq pyipterference

EFNER 99 ATUb 10 OF (O EAIA Sttt b

~— )

~ qo¢ otoreadie(oanca@shulaet avitf the eterferente samipdesf ready storgx)iat bdcations in

[0071]

[0072]

[0073]

b G et B BB D0 18 e
?er | vEgladdvethé Rﬁalgptifo_i B fSOARTSE alPRd1pRed ihQ i é&ived signal,

he estimated pi interference for the next segment,

the gddassding) deearihad cpbove meay breitorated @ sugber wé times, one iteration or

i | ot.predictions,f.o he next se . e .
Brrae R e b EeR Rl PR e e TGP R BRI nefBsnoe s 1o be
a5 ediddandenhsded hones Hesiel echl@pdtnt Thapaof etefeeenct @ancellation is
t he next segnment. [0070] In an enbodiment, nultiplier
BRGalhy derfgeged Her dse i maltipathpirenivadhver s SABE #ifenag not cross

t t ] t ,
g R R, LR e st i s ity ot oo
anotter patehna. TH the ahineiimgtihgroesstombedréwlapiib ated for multiple iterations,
interferences for_all nulti

.pat hs i ch have djff t
eEheorPessER AR b%p@fewcs& RSy St U Reipe rioRed on a
ﬁ%e%hb@ség‘rﬂ@n’f‘gf (}Pﬂﬁ ??ﬂ%&lb@&@teﬁrﬁn&?o%@ lﬁm—ﬂ_iﬁfﬁﬁ’@ fBktidnal time offset.

I'gher time resol . The estinated pilot
i nt erPréorgn tleg, fitst iteranorn, leceri)ulatof 538 isletearad: ot resek.t Forsgaph iteration,

whi ch inglpil,fde,s trttée sa nu

| er aqf . . )
the estimate ot interference, nche to gt)he current multipath is accumulated with

pilot,m ?
the accumulated pilot interference for all prior-processed multipaths. However, as

shown in FIG. 6A, the estimated pilot interference, I is accumulated with samples

pilot,m
in a specific section of accumulator 538, which is determined by the current multipath’s
time offset. After all interfering multipaths have been processed, the accumulated pilot

interference in accumulator 538 comprises the total pilot interference, I, , due to all

processed multipaths.
FIG. 6A also shows an embodiment of accumulator 538. While finger processor
410x performs data demodulation for the m-th multipath for the current segment (using

the total pilot interference, I ,,(k), derived earlier and stored in one section of

pilot



interference sanples as for the data sanple segnent,
is then provided to an interference accunul at or 538.

wowhowasi n FI G 6A, the interference sanpl esPEDUSLINS/023307

[0074]

[0075]

[0076]

[0077]

[0078]

mth nmultipath are stored (or accunul ated with the
i nterference sanpl es alreadyldtored) at locations in
the accunul ator determ ned by the fractional part of

atcaﬁnwo} 5By, I'ﬂh? gﬂ?ﬂ ﬁrl?erféfré Elaue [tP Qﬂé}n—fflomqgfﬂaﬁﬁ ihe (x4 N) for

total pilot”in erence or al tipaths in &l ve
thé Gkl R8zBbdN #la B@ CesRIRAGRS 8hd @R GlhtedCth aRBMR: rE%?z’tlcQ? of the
|terated a nunb of tines, one iteration or
aocwues®i.ng cycl e for each interfering multipath for

\é\gkggﬁ t he i Oh | n‘@]erf ﬁrq%ﬂ]ce_ i %{ftﬁl%n?%goe%ﬁ %nu?tlpa(iihs 1nd(he received

sh{ntae rm@maﬁfgeth@ ancelhatipAn itsslft YPoiCaldeyhodarat@r @&tknf B which the
mul ti pat hs received via the same antenna, not

rnmltlpb finger pIEessolscra asenel do Prenssied nBBPeTR{tTBUKIpahS iha received

I RN PN T T

le iterati t hen the 0
fﬁ%‘l}% i PEPEY GRSy Gk oL RS b B tacessops assigncd
t0 r@eﬁﬁﬁﬁ%ﬁﬁlﬁ@aﬁ@ﬁﬂlﬁ@@aﬁé rétatvad sighpl es det erm ned by
the multipath' s fractional tine offset. 007% Prior
to t Héorthq demedulation;te secoxeicthedpiaron,the methimuliiparly thg dafa samples
r 1 t 0]
RSkl e BMLETE v IRooB LG, P2 ORcsptr 22 e
racampied tht ed:eWedrdatmﬂmmpramdd dpcnmated| daltaeffdnmlwatéhe chip rate

i B 9 B i o
ﬁréce% ?&@%g%éﬁé éﬁﬁ@l&étﬂe Bt SfEatids @ g@ction of

accurm ato det rm ned by tfie ‘current

nul t '@&In%go ﬁ%lgrgm@érfe?&{ce AbdpRs 18 thel 13fa8 rpﬁl@f irﬁ‘&ference 1,., (),

mul ti pat een processed, the accunul ated pil

foP tRE f @RNGErhdht 2EY Vﬁieﬁr fread aCQRilhDES5Fgheo t zptré‘dampler 540.
pilot Interference, pi | , due to all processed

Reshtopfeat 514:.0 siroi0atB) rgaampI@Atlml secediedwinterferentisosdmelas tof provide

cgegfrggm aci r%f’c%&ﬁl\lll%p eaf h'g: r O%ﬁvég 1}$431rg§er ﬁlgng rp?{gse for the

rﬁliﬁ rIﬁl'ﬂh &BY "Siﬁﬁméﬂ«l s4m ﬂldnhfécél‘?és'i bnd bhitacisnthe rdeein@ie® intérference
pi | ﬁ derived earlier and stored in one section

&afrméfmfrmn &tediecmyd d@th sarpplepto pravide pEpkraneelgd datasapples.

m th Wft!h @a% I@e !) Pn ﬁﬁlkS?d\l)a d sérggde}lé %Pe%)éfves?‘ %19&‘8&(&; eads the
may be e Ia accurm étle anot her sectl on %

bl sl %%Pé%%ﬁ‘i%éé*l?%@é EPRERE) B s 5,01
AP e L —

tﬁ{}ﬁ% B Q{gﬁetar e, @fstﬁé 9{] drghfﬁlp%o .3 ?:?ta%h%ﬂm%r iﬂfG then mlultlphes the

a recelve given term
%gﬁﬁﬁétsérﬁﬁlteg G tthtchér{Heﬁﬁt%%ﬁg c,... w8t or th€odechafifel being
recovered by the finger processor. The channelized data samples are then accumulated

over the length of the channelization code, C,, , , to provide data symbols.

chm?
A data demodulator 548 then receives and demodulates the data symbols with
the pilot estimates, P, (k) , to provide demodulated symbols (i.e., demodulated data) for

the m-th multipath, which are then provided to symbol combiner 420. The data

demodulation and symbol combining may be achieved as described in the



mul ti path may be provided by one finger processor to

ot her finger processors assigned to process other
waoubdsiopstsks i n the sane received signal. [0075PCRmIS2t080823307

denodul ation to recover the data on the mth

mul ti path, the data sanples flr a segment are provided

frombuffer 408x to resanpler 522. Resanpler 522 then

FEGSAHRRBlGRATNS HFaR5eNGES, 7885687 PARRY. eBnd B8P HO¥hEscribes BPSK data
deci mated data sanples at the chip rate and with th

qgrr;ﬂda}atipn lrﬁ)lhbg-% &3y eetforminigi dot mg¢dqcpg@tweewﬁg @@meﬁgtcgga and the
Rs61 SR R BB BET RERLSR B SHigh iR o cama2o00 and

WOCDRER R AN Bt t¥nsidi bE ke feeRgiGuesagRcaBed DT tHeh®8T ofaddnt. That is,
pilot interference, | pilot (k) , for the sane segnent )
insteadyplodotdrradyatobath dotipradsiopndggss progutaae Hpideto Bgpver the in-
i larly resanples the received

Iﬁﬁ%gr éﬁ%ﬁ%@ﬂggﬁ%%ég to provide decimated interference

[0079] S ﬁn'pl ﬁfn@bd Ebm'ecﬂieplataademmthtwhtfhr tthh én-fir mpkipathi maybe performed
phase_for the mth I tipath, Sunmer 542 then receives .
R A SR AN T L AgrergRes edpatgn, While
&g@}?reg@éf'ﬂtaﬁg 9l BaSRIRLEHE Be ?f&\ééﬁi@g i | pRlbt-6ARERH ¥Mta samples

ata sanples. [0077] Wthin data denodul ati on unit

foPthe Gurfif® RESAR (Wi 4hé hBS sefinéts s eadsandBie channelization
pi | ot-cancel ed data sanples wth a (conpl ex-conjugate)
@REea NotoSpawdeaRe dEhrsyhfbols fortthe pi-av hnlétiphes plesprdader 524 and
sanpl es. The spreadi ng sequence, Sm *(k) , has a phase
MRt CRaiengériR6tmayt pdctss e sdnfics @ita shmpleofortthe cosrérit segment (with
mul tipath. A data channelizer 546 then multiplies the
tHe spreedidg sequenes, §) (k) tand thh piloethianatlizetion oode, Coh,,) ko provide
, used for the code channel being recovered by the
the pier syprtedefs diis nlftpath alfhe pilotegmbatsare Sltpred dyapilet filter 528 to

MR TR TG e R
O oL 4D 5 e GBS, oIyt g o e

| gfi(gq% ?f‘ttaed ,ﬁagb%?%#dag%d@g gﬁogn?sggfaggggfv@%éyc{@g% fictarrﬁgdulation is
SHPRIRE 'on* B8 cuiBs: Sahint GHRY %@Edtﬁ’l_n%'i’dﬁinéi/f@%be, I, (k), derived

conbl ning nay be achi eved as described in

frHgaf G RBRAN BHotUnR R8s For¥le next/®4meat/isRalaRted aRd8tored to
"687 patent describes BPSK data denodul ation for 1S-95

am)élpe rséaﬁ;opt} af @mﬂgpulpubmlcﬁo Usawsed Ey theveexdsegmentd dat a
and the filte i]at.. i OR. ) .
oosor 75, B S Ll 5 ASEREMIBL byl BB aomodutaed i

EinRXdde BadedNorP thel Mawt eebeiverl datadesgyled o nsatipte boffdr 408x) as
atent. That is, instead of dot product, both dot
edbact abave, andorel-hasedige theyploteaaeeled data sapples(fem accumulator

: é%hqﬁeanother embodiment, the pilot may be estimated based on the pilot-canceled

pilot

data samples if the total pilot interference includes some or all of the interfering pilots
except for the pilot of the multipath being demodulated (i.e., the pilot of the multipath
being demodulated is included in the other-pilots-canceled data samples). This
alternative embodiment may provide an improved estimate of the channel response of
the multipath being demodulated, and is especially advantageous for the reverse link
where the pilot estimation is typically the limiting factor in dealing with a weak
multipath. The same “other pilots canceled” data samples that is used for pilot

estimation may also be processed to recover the data for the multipath, which is



and quadrature streans. [0079] As noted above, the
data denodul ation for the mth nultipath may be

woendomorrs in parallel and in a pipelined mannecTwistws/023307

[0081]

[0082]

[0083]

the pilot interference estimation. \Wile despreader
544 and data channelizer 546 18re processing the
pil ot-cancel ed data sanples for the current segnent

AdhitRedole f6iP4 BAEKHT G%%H aRGRectd? thitPerformPdothhflot estimation and
channel i zati on co Cchm) to provide the data

deyentienedulaiont lnepamlkh onrither $apet data gample stigan. Ghg sapg concept may
t% us%%leé r(l,]s grlrﬁg{e thEC hg‘l%gl rﬁr U %S}f 1ﬁm%ﬁ%egﬁg%aﬂtlaath (i.e., the

curren egrrent e spr

e%ﬁﬂllal%ﬁt‘c@lam&l ﬁe§pbh§e ma@be bakedl ¢ titHer Chearuneatd 8hmples or the “other
code, Cpil ot @rowdethe pilot_synbols for this

pHetY pymei?d”ﬂ?éa ﬁmna s dying) integfeaing Plﬂ@? SceR; 97 Ithe pilot of that
e pilot estimtes, Pn(Jc) , for

éa#l I?glﬁg% %?Yé(ﬁ interference estimator 530 then

deri VHS}st EA zm:dtﬁertcecﬂagraﬂnmthat il westrher the pegcesing oflitine (data samples

due to this multipath for the foll.owing s nt
(g leive SRS Qb ARISt TIGTTRRRS, HiRSROI TR IR bk SIbORment. In the
QLW FIGPBAT Al (e réc@f"veﬂ léf nﬁl"fncﬁﬁi@ﬁﬁﬁ&e Hwltfiths that
the'total pilot interference, | , derived
dre @asaoaiapyd with siegmeffitets of ot i amtiezgf e’ﬂwmceelmd sighad imdigitized at a
segnent is estimated and stored to another sectjon of
samplearstathat istotimes thelsbipurstedofpsevide, éatﬁéﬁmpbég\ﬁlélﬁb are stored to the
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"r aw'In e edxeamlel sliavis aples dX raﬁméeﬂraable sbgthérerindlf8ed 512 data
as descri bed above, and _not based on th

sampéﬁs fonpswnbel Resiod of ahBNeshinst (Idwpaloe H‘ﬁ%ﬁ%@‘lﬁ? 195%%1)matq%f0r each
|
ht%?ee Pffﬁ?tgéaﬁ?snﬁ d F8ecith %ﬁmﬂm‘y eﬁ%?letsﬁe tgt bo pl . 12% for each

he pl cancel ed dat a
mnlt@aﬁhens eletemined| tydks nadiipatios fmlchoma‘l tinkeeofifset. e Eff the ifragtional time

Iotsece th | ot of th | t h
Heistoh Treomopivadls, e e S VIR rsFRFRLY Hoeltiy the symbol
k@ﬁe%g rhtﬁtl ﬁé ‘M’ﬁf He idiFrdBR Maheiir B hbsineansigd 8dferent data

ata sanpl es) his alternative enbodi mrent may provide
smplerpranveads. ersttanrmm@duﬁertthtée ohdnpashs are@pfmswdon an lgeder based on

J tg’%ﬁ’?g‘é@é Egﬁepcg’f RENE gqﬁé éﬁ?‘g‘glpﬁrhﬂ}? et?ng ¢ I t ¥ractt10na1 time offset

%ﬁﬁicb%dlfﬁstt A &@Iduymghﬁ Hab/fiigl the garfgasttfwcubﬁal diad offeet being
a weak multipath e sanme "other pilots

prgg@sgepcbl;rst dBhig pg%mlgoqdﬁla@nspgps thatdhe tntalqilog nterference is derived
SR AABER, AL SRR REPRSSRBE G Tecover Lhe data

ageous for a finger

pr oCeBSBIG.&A, |’fof et prre sytotlsdl gaﬁbcﬂ domthe ot muitipath with a fractional
estimation and data denodul ation in parallel on the
Emawiet of §anprFe . Jevepler SPRaceines ddh Wleﬁé;}hrough 516 from the

sample buffer 408 and provides to despreader 524 data samples 5, 13, 21, and so on, and

509, which are represented by the shaded boxes. Correspondingly, despreader 524
receives the spreading sequence, S, (k) , with a phase corresponding to the same time
offset of z,, and despreads the decimated data samples with the spreading sequence. A
pilot estimate, P, (k), is then derived based on the despread samples for this segment,

as described above.



be used to estinmate the channel response of a
particular interfering nultipath (i.e., the estinated

Wohemsrnel%sesponse may be based on either the raoraat@s/023307
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sanples or the "other pilots cancel ed" data sanples
having interfering pilots ex@8t for the pilot of that
particular nultipath renoved). [0081] FIGs. 6A and 6B

are dr Qe tﬂehéhrﬂalte!duﬁﬂcft ahRrfRacd s Q(S $1|1€‘ #h-@f muli®ath, spreader
data sanples to derive estimtes of pil

5¥trecei emsehe gpreadingegoentan 8 (- N) , wreesemmhdg trethe nextrsegment and

the exanple shown in FIGs. 6A and 6B, the received
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not ‘Ehgf}i}ﬁ?hl%%ie helt%%eaks [Ooiﬁ’elg n%{lﬁ]pnses interference
' “ch,efﬁ%ﬁﬁroagﬁzb%,@m 55l Re2H TP S 2 incices

1vethtdughel 0P8l ihi theikisrfaeacd Acupanforsiazhak shewh @8l FIGhEA. In this
synbol timng for each nultipath is determ ned b

i, thepfagiional time effpes oh they il myftinash is acpoynied fqra%%/he&%awaﬂon of

' : he nmul ti paths are not the same, which
@é%@ﬁ%@lﬁ@ﬁ%&& then the synbol timng for these

mul t i Patths dudal deroduldiibh ef értmain doukipdth e the wethisgbd] period, the
wth different data sanpl e In an enbodi nent,

e $Agmenbat ﬁ%telg?rsn@r SORS S i S35l Dl Gam fccbmulator
%ﬂ%e kg réd aﬁ%iéro% tRe@Emgfe‘} S‘ﬁfbstheﬂ\" prBvibBe toUhinR@t $u2 interference

aving t lest fractional tine offset being
pogdesSetB, f20t; snd ancbnt faed H0P t(iwhahharh anhmglommeby alneg gmded boxes),

fracti onal ff.

R oo P Er e S e Rple Srapded Y respmBlef 522 The dat
A QI RIBYTENd PilSleany&led and sampliek athen fpeffofAéas described above.
mul ti path when it is processed. [0083] In FIG_ 6A for

E4vd muliipsthnivey bpempeﬁasefdom simdlanmannery| Hpyayds, singt each multipath

fracti onal f

25 VR0 BB AP R AP B e
Sufflermé4PBe aedatpdl ol des to despr eader 524 data sarrpl es

5, 13, 21, and so on, and 509, which are represente

by t HBIG KR Wsdhe threedat é@ﬁi’(’iﬁd?gﬁﬁws ﬂaf‘eéiﬁl%taéfia@f&mples and
{hg Gy Srehdlf %§9cgl%ﬂgésqge(§ E)%@PVE ®he hm ﬂot%t%{:feﬁnces due to the
ase corre totesametlme Rlet o tm and

nhmpnela@stht he deC| rrat ed data sanpl es WI t h the

spr eaﬂ]eq uen i.l ot estinat P1ln 1:1%1,1 | S .

then Beftrysa deoddvsh ABie oL dBeGep e byioplfcellaion and
HRIARA denRRIuARDA" B %@B@H&nﬁe@oﬁf‘]rea{mm‘i’@ Ie. ge dsh@ata samples are
estimated pilot interference due to the m

reativedatih suffipiestgencessing capabilities are provided. For example, M finger
processors may be assigned to concurrently process M multipaths in a received signal.
For each symbol period, each finger processor can derive a pilot estimate for that
symbol period, which is then used to derive the estimated pilot interference due to that
finger processor’s assigned multipath for the next symbol period. A summer then sums
the estimated pilot interferences from all M finger processors (taken into account their

respective time offsets), and the total pilot interference for the next symbol period is

stored in the interference accumulator.



534 receives the spreadi ng sequence, Sln (k +N)
correspondi ng to the next segnent and spreads

woheosrveddsgsed pil ot data. Multiplier 536 then neCTiUSR06923307
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spread pilot data (spread by the spreadi ng sequence,
Sin (Jc + N)), with the pilo2lestimate, Pn(k) ,
derived fromthe current segnent to provide the

est | '@fqutapblh&tmﬂeffh%ﬁé@ﬁﬁ?ﬂ%n He sBbtrtedrémthb datafkBhiples as they
the next segnment. The estinmated pilot interference,
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POV PSSR S22 T2 SR 2D, o s
HeRiple Befs aQveif 53¢ Hinget tpkdi&ﬁsibr ni@yasbl%n@d Q6 em®eeksi A number of

simlar manner. However, since each nultipath may be

ra@,lél@@ﬁha)l; the saimple bufairmpast kendesignge apd peeated gp £ MRgIEEE to ensure that

tg é' tg tse legi %}e[a%gér%dv%{t%tfyégggﬁe% %ﬁgﬁ ﬁ‘ﬁ)op’fg}éeng etpe sample buffer is

(ﬁaﬁ@b@ t® %Higetlﬁconﬁlhg ddamaﬁﬂﬂ@gwhﬁiﬁ provitipy edredadeda sdraples to the
t hree spreadi ng_sequences used to derive the esti
fngep Proqeser el Tho e aehiewd h rré%lemﬁp@fil%a&t%%ampqmbugfef in a

| %?%Z%uclhrlhﬁrk%@@ fatd @5@ gf/éls ! rbe‘%@a?i 85m b %aﬁ ok @He buffer while new

erence estinatioh/cancellation and the
dmmﬁnﬂ)las e whiEtyn letopenotier nmi ofrthe dalffet.i |Té1e(seng>lq bufer may be

a sanples are. received), if. s i ci ent roce Si.n .

R pee SBI6Ro0Ften BEbpleeRist et THRTRGeputer o circulr
lﬁfffé‘f’ EFS6fR JifY bRfeAdSH Qﬂ efhd iRteFRRGIE he&MnbatBf ﬁ‘ﬁ?fb@ itplemented
mul tipaths in a received signal. For each s

ipeitida, mwchaémﬁg@nplprb@ﬁers@w @a*rm@e]raarb@ffar)pu | ot

o B al BB P L i e s

6611?;%%(;@@@@ aRs o &)aﬁltﬁﬁﬁ g eehpribiffaanlly bokeltdted reké at least twice
eriod sumer then suns the estinated pil

Phtting éqqeﬁeééo fenye g tofal frileg dnterfergpess ks radl Y awwauthﬂ Qvith the
r%?a‘ﬁ%%htlp %Qt%&een time and buffer capacity being defined by the sample rate). If a

different data sample segment may be used for each of the M multipaths, then the

capacity of the sample buffer may be selected to be at least (2-N-N ) for each

received signal assigned to the sample buffer, where N is the duration of data samples

used to derive the estimated pilot interference for one multipath and N, is the

oversampling factor for the data samples (which is defined as the ratio of the sample
rate over the chip rate). For the above example in which a segment of one symbol
period (e.g., N = 64 PN chips) is processed for each multipath, a buffer of two symbol

periods would be able to provide a segment of one symbol period of data samples for
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respective time offsets), and the total pilot

interference for the next synbol period is stored in
woOheosionssas f er ence accumul at or. [ 0088] The t ot al PpTIUSL005/023307

interference may then be subtracted fromthe data

sanpl es as they are received2for the next synbol

period, and the sane pilot-cancel ed data sanples may

% H{u@c‘i’ﬂa@rﬁ ekhRu&k o Msf frIRN AP R6 STREL. S Aharif é&d aversample rate is
denodulati on. (These finger processors are al so

¥y, ov8 ddetnwiht hnmhaumemm wé dhel duffers amiR e ; Ny + Bood - &h8024) data
pil ot cancellation, which are used to derive the pil ot
sawplepates.) In thi s way, the data denodul ati on may be

per f d.o i.lot-capge at a I ,

brd e InEouhrE BP AR REsERs JETRhdtol al B8 pelcp 1o be a
14RE (3abexe) | mhukkah syrhsolppehﬁa f@lsﬂlbrfﬁt%ﬁ’eﬂeﬁceu@@dnﬁlmtor Ge., 3N
derive th& estimated pilot interference for the sane

iSREHIRSTL 2 (RN 1B AbcduReforedd fa‘&ﬁglﬁﬂhé)estlmhled gibintafepdnes is derived
may be tenporarily stored (e.g., for one synbol
f@é‘%ﬁ@é’}ts\ﬁﬁmﬁ@ the total pilot interference is derived.

[0089] ¢ E& F:d L pate e 1?&%&[’3;6}66%0%&&%4 H@mscﬁ‘ﬁ"data sample

dat a ‘Sanpl es aré processed tines (e.g., If
sof@eiti mgebe mnoeikaslsfmm iadatasditg smﬂplb segmete fsr a nbitb éerminal, the

COERI ORI RIS LR TR RO P C AP Bomultpaths
i Eo tlZQ:ﬂleg%é ephdr¥fofd, QPR&Rsirdtle B re@HROGE R, beivt?&n the data

sanpl e fer 13 designéd to receive incom ng dat
ssBupiEs é’s)lwwthé the pxlo‘rdm@gfemﬂce e&bsamdmdﬁh@éatﬂ @amnlés from which

A ess ) b

oo B PG. FS-Eo e B A CHehHe 8 g ph N hies.
st or egly Qé‘lteé‘tnﬁgaﬂ'@uﬁ‘i?cwfﬁby bRal eathel fRMNOHR §amhelofespdiBe of each
buf fer” while new data sanples are witten into another

mpaltipathfmashke tm:f:t@d to mmals aeiptively gprseant ggr the period of 2-N chips.

I pl ement b ffe

I’E{E\P?VGI‘ tg d]blalof Clijer Relg cte t[c))Qi{efle e ehgﬁ%oﬁégl%)%ﬁyr afl accurate

el@,ﬁﬁlfa%rofd@@tmneﬂb@ohm S elaeli ﬁm@tﬁ)aﬂcmh'a{iractdsmdrmy be
implemented in simlar manner as the sanp

(e. g.FIGad iga owdipgramd RfREpgess ?%@U}enng the tﬁ@? aggt\,lgterference for
dﬁﬁ'}%ﬂ%ﬁ ?{ ?rL ltﬂ)eaﬁ{sg[i]n aE&r@ﬁéﬁE Ay fRlY %Bg"relrﬁﬂoﬁﬂnéﬁ‘npﬂ’r%ées"s hﬁio may be

processe the capacity of the sanple
1hqﬂéﬁﬂuﬂﬁbybef&@&ngaﬂmﬁmhananFﬂéaSt tMAce the tine

required to d the to | ot t f
A :qu Il\]iniﬂﬂ lty?@gt%%é}/rg%ﬁog u§eﬁ3te 0,3 llgp‘?]& Ifthe gg H’g{nﬁg gﬁott ﬂnfpéferences is
ﬁt%ﬁiec? ulef §Lp GRPACAL Mn@ﬁbﬁﬂg geditipad Bﬂen&a%élne]f)ﬂbaésﬁéd is then

a different data sanple segnent may be used
sehkctedofit sthp 70-.mllypiceBy.Hbe pilet mt@rlfwewpa@smlyaf@fl foheach multipath

SRS RSLHGL RGaRSGSE) PSRk B B9 b Dbined
RHfdp8hs tYRANR Y dsiimaftd. dhigahdraiNawf netabe of Eﬁ{f@ﬂf&ﬁlglm&ﬁlpaths may
bmpmigﬁtgqi ::nggthgét ﬁgﬁéﬁgs palrela (t)}tlosle r}(t)re (thlecrhetrﬁg epllfo? Entgr?eerence is to be
estimated and accumulated to derive the total pilot interference.

The data samples for the received signal with the selected multipath are then
processed to derive an estimate of the channel response of the selected multipath, at step
716. The channel response may be estimated based on the pilot in the selected
multipath, as described above. For cdma2000, this processing entails (1) despreading

the data samples with a spreading sequence for the multipath (i.e., with the proper phase

corresponding to the time offset of the multipath), (2) channelizing the despread data
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oversanpling factor for the data sanples (which is

defined as the ratio of the sanple rate over the chip
wWoavw)joo4Hsr t he above exanple in which a segneRCTARS208623307

synbol period (e.g., N =64 PN chips) is processed for

each nmul tipath, a buffer of %o synbol periods woul d

be able to prOV|de a segnent of one synbol period of
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n‘ftﬁfi? ggﬂxgg Yiata\Pfeh Qlﬁ@@ﬁﬁ%at&ﬁéﬂé?ﬁﬁﬁ rdd oﬁﬁede‘ff%ﬂ %‘%tep 716. The

are constantly changin herefore, it
pdmssredtmbt tdatarie dirnply tthe sprehdipg Ise;um@ fartibe deleeted arqbﬂlmh if the

g&t\l\zhl que@i}g I%Pgliﬂaaﬁf’%tagﬁ&gfr e e | Ss]gzaé]]op 8986 i3 AM%ros. In

geﬂéﬁr fige eiﬁ@c%sée%l gﬁ&C@it@cils tHeh pﬁotdaﬁtayaftémaubagﬁa ploe@king at the
N chi ps. nté‘tsel ecting a sufficiently small
tmalsméter amitNput tphl@r @mdw eringsPerisRquenc e HR4PINEIsion 42y the data at

R e o e S Ve e

sel ectiRtstimald pildt Geerfunaicg fort the s¢lbawd fraltipeuth Bahanr acemulated in
esti mate of the channel response of each multipath to

the 1@@@@§g@egpcu{n@m with the ¢stimated pql%n%@erngﬁq r prior-processed
xﬁﬁl‘ﬁéﬁr@a af Q%ptﬂlod exd H(ﬁe& REoveOlR! %g;haéen(t)ieﬁlta &hARGAN iObbserved
a nunber of “nul't a

! i'pat In accor one
if poddinimep istepP7 06 €48, a@dT26my be i npl emented by the

finger processor 0 5. O 95] .l nit
t he i PR Gp™ (B PAISY B it Al e IR BIppE Bpve been
ﬂr&%e%efder ﬁ@t‘éﬁ%&s Elie@hRverat nd! #kn 1A prodBsd f&lﬁfl§ € ki 714 and

t1 pat at has not been pr ocessed is the
swthec imdiferatg smbjpaitlis. selbgisiddar pgpce;shg p()ﬂmrwme the content of the

t f h
e R s
th&y y@wic&aeﬂl stey bi pehdiprodes tidnserhigaest i mated. | n
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@%th&sﬁeffcgmem?rcﬂl multipaths
1t32 ce?ilu Ri Lo {hvaslc% erfg‘ ﬂ;ﬁg | ﬁla{ug rglﬁsﬁg | nt & ?I%r finger processors.

Alternatively, the pilot 1nterference estimation for multiple multipaths may be

performed in parallel using a number of finger processors. In this case, if the hardware
has sufficient capabilities, then the pilot interference estimation and cancellation may be
performed in real-time along with the data demodulation (e.g., as the data samples are

received, with minimal or no buffering, as described above).

[00101] FIG. 8 is a flow diagram of a process 800 to data demodulate a number of

multipaths with pilot interference cancellation, in accordance with one embodiment.

Process 800 may also be implemented by the finger processor shown in FIG. 5.



[0096] The data sanples for the received signal with
the selected nultipath are then processed to derive an
webiermetwds of t he channel response of the sel ecPed/Us2005/023307
mul ti path, at step 716. The channel response may be
estimat ed based on the pilot24n the selected
mul tipath, as described above. For cdma2000, this
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[00103] ol eg?a?te% Elgm Qt?JrLls-Eﬂéq éﬂﬁ&fgg? :Hrr}g{lée gfl@tg%%gggg sf;ilaél 19&%6 normal
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fos the sstagtedrmaltiphthaare ther @@gnlan@rl Mk tbp|d@fnodu ted symbols for other

SARRRBA LAY R BfubineP bR GH PP, P A998 Lo o

HBilgpahs B RGBS R@eidbd kir@alsr(@ps Ii\ﬁ feteve dmetsﬂyus emplayledl may also
the filtering and frequency upconver si on
hfeﬁoalbamedt @Wﬁﬂlﬁ?ﬂ combipifg Ay g? aghigypd; by tth (%Ym§°]r Qﬂmﬁ{lﬂ% shown
?e link in cdma2000). [0098] The estimted pil ot
erence for the selected nmultipath is then
[00104] ac C u A ldateadinatior ﬁsethemtrmdéem@ﬁme oaoouatl hesi gnedwilhipathe have been

estinated iIo ferences fo r.ior rocesse
et piion a St B2l tho MG i B e B oBR SSRT Rt gtop 814 and
%ﬁé? nﬁlﬁtlﬁaﬂ?ﬁ @Hﬂe&ﬂeﬁ %Irﬁa'ta?déh@&ﬁllla‘fﬁﬂ IO deQ 1 PREcesé RPSinates.
718 [0099] A determination is then nade
[00105] vvhet hlés noﬁedrabpvalme |dataedeﬂmd0ﬂﬂjlomﬂ0t iaP sashignerhwanltipaths of a given
nswer_ |

Biriegs bt be PRrErR 9 AR AR i piiReg plffls fabe one or

ﬁ{uietﬂrfgeie Protsssel eteshtively, fe@aesdenit@iulaGoh eﬁmlsmgha@mulupaths
content of the accunul ator represents the total pil ot

inpy be perfearmed iniperatlel using gopuekes OEHNERNDIPGEAEHS- whi ch may
[00106] be pr fe%ﬁ% Bagi( §<§ %ﬁ ndT? SeBRGEHS r[ﬁ‘fﬂe e ééain@%perated to

[ 001 er eénce esti mation
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mul ti pl exed manner using one nger
@p@g@ﬁ <lgfag samples from bugfe 402?) rrlH:us mlaygprowde improved search

performance since the pilot interference from some or all known multipaths may have
been removed as described above.

Another Rake Receiver and Finger Processor Embodiment

[00107] FIG. 9 is a block diagram of a sample buffer 908 and another embodiment of a
finger processor 900 within a rake receiver, which may be similar in some aspects to the

rake receiver 254a of FIG. 4 described above. A rake receiver may include a large



Alternatively, the pilot interference estimation for
multiple nmultipaths may be perforned in parallel using
wea 20neroens of finger processors. In this case, PETiUS2005/023307
hardware has sufficient capabilities, then the pil ot
interference estimation and éancellation may be
performed in real-tine along with the data
ngﬁfg&dw ﬁﬁﬁvﬁﬂlaf Bngbr pr&2sdoiEosRkacS A6 AR FingeEplov@Fors 900 to
wth mnimal or no buffering, as described above).
pfc@msoae]vefau @ul@paths aAﬂuecwudclaga aleofeceiver Berdacldarsingle high-
a_denodul at e pat hs t 0
SR aPIGrBRE 0 cRGet ) orish Pl Gt | Rl bnanner, which
sERbeEt MRittionSbP SR tal Qﬁl%effpisbcédsSﬂ; ﬂm i opé en‘ﬁnﬂmbdoy)f tifeesample
finger processor shown in FIG 5. 00102]1\%n| tially
buffer D% a2y el oeirgyhraiandgm eeess rem@y ARA $t9112>%§?%nf‘6¥s of data
eriyv t. St e
sAbRE AL afofChle BhenBuad £8Pt M Qe RPequal o 1T
viiekd Te W the chipl dUrprﬁinh Hcﬁ ek maples theehtpedtd may dafl@ MHz. Other chip
denodul ati on, at step 814. In an enbodi nent and as
rﬁé%@ayl?éd‘s%ove the total pilot interference is
' n' t gl BMA008t IEVADO system or
[00108] Tng ﬂn#ﬁ?g&hgsr E)g@arﬂil:ﬁhg?/ggédgﬁggg%t racting the Y
athﬁrerryﬁtemsn c&he dimgtre prdcessot 1990t mclaldespal ahanped testimatas 2, a data

wh ed t h | at t
A0 058) 5o b B VRE B Rk R, DR, g simacer
9@9'@&1{1&6& aMabdpkdpabno1d, Q0gild] delatandlpepdul aﬁdl apilios fi f11ﬂae914 The

erformed on the pilot-canceled signal in the nor
cgm]mOduanmrte%oocluﬂw & despreadesI)é p %@sﬁéﬁr@%nﬂ&% eV and a

d(%(t)sg n&é@ﬂ%‘g{ @9% ga%?eoéﬂ%p g&{eééré% %Hﬁﬂﬂﬁ | izlg udB€ a cancellation

feaoPeih@ithtitg doeo 24 inulispliepod 26 aid 982, heeq@nktmctlon filter table 938, a
esti mates. The_ denodul ated synbol s

nletErsQnETuston Ailigying Glockpd 0s a1alck g&er%mqepaéewnalam ek 928, a
p‘}ﬁ’)?'pﬂl tglhé’g'rP B.]t&ﬁ Uhaged synbols for other
Tl

ane transmtter unit (e.g., )
[00109] t er mi T}&I dhanrkh estitearod 90 2inddGs Yyl epefase 1rrmsmu]@amasn¢rras the pllot

B e b S 8 LY e
t%gcﬂp' 'S'lﬁﬂmﬁ?yth@%aﬁ%ﬁiﬁﬁfhu@}i uneO Y FHPRIG. @ﬁ‘f@y %éra&lmﬂ\@ similar

00104] A determnation is then
mirotch thorlafagkmaklblatie” hgir 600 doscubphinyc Meideschweie t FIG. 5 with

de rmdu%@t edd ‘5@8 822. If the answer is no, then
PHE Bravess ?%FB? P8  step 814 and another nulti path
[00110] | S SelRciRpreh@rs 90, 891@%661% adrnplex C&Jhgﬁthﬁﬁadlhgeequences P,

process term nates. [bg %*As not ed above, the dat
%nBleeqwnées deseribad abgye pgy e HkhIth iFiG: Pesfrer the ﬂqreaéi.mg sequence

?{EAP 4146 18n '4?1 FRY%nD @il REdTE e ! Jésﬁ:eﬁdéf? 966,V 8 8t multiply

Iexe usi ng one or nore
(deqresly mlﬁeSdatd\hztrﬁpSlBabf ¥ ebgmertt Heond ﬂteasadmﬁmbuﬂfatQOB rstdrong at a time

(?f;?slet %f ng gtﬂg ?nurlr’}ilgl)gﬂll w1t:}|1q the spreading sequence, p,*, and then resample the
despread data samples. In another embodiment, the despreaders 910, 918 first resample
the data samples of a segment from the sample buffer 908 starting at a time offset t, of
the multipath, and then multiply the resampled data samples with the spreading
sequence, pn*.

[00111] The despreaders 910, 918 in FIG. 9 may include resamplers or interpolators,

which resample, upsample, sum, decimate or interpolate data samples from the sample



may be perfornmed in parallel using a nunber of finger
processors. [00106] Referring back to FIGs. 4 and 5,

weoeeancoes 412 nay be designed and operated to Beausos/023307
for new nulti paths based on the pilot-cancel ed data
sanpl es (instead of the raw Pceived data sanples from
buffers 408). This may provide inproved search

et 90RO GBhisld & kit Ritd.Otrhk ﬁgﬁe’ te Eé%ﬁﬁ@hfég QABPHATBNOhe rate of
all known multipaths may have been renoved as

relesdved $igopl shoples sinert nethe RapleRaf&in A8 dnd eRamples the despreader

rocessor Enmbodi nt [ 00107] FlI 9..1.S bl ock . di ram
R EP B L G5B A SBPReP ool bk i YR to o
thivfin REOREDH ST FREr irhdioffsais! alke d8EE. Vahe ARPpRAIRYI0 may
be simlar in sone aspects to the rake receiver _ 254a

dspinmtechipx @ saypplppeFhiyd far anowtpwido ta-pilaf de-chagneliren Ude
| et indiy il £ .
oot 8 BPYERR G BlpbrEhar o 0, REGBCORRLE s, may

wed by differedttdoppbhants éf the fimati prebassorsd00akifighaaeiey dike nipx8 may
include a single high speed processor to prQcess
gGRYeaPeTTRITEN Fa o ATCHTR Y (f FETBIET Sy SHET AN IS SREp@rmay be less
' ' ' fi e418ul
R g
moeassingtimeandom access nenory (RAM storing segnents

o1 2 oS PR T ) SR o o
c%)e‘épﬂfbkﬂztr@M'_lg&nGLH Fildt QRanrfefizatonPedle &G i f N akh(t) dufiues d@¥hannelized
e .

) . Other chip rates may be used. [00108] The
Hilob gembelso c SBWAl B0 thendgta hée-chpmgelizer Q0CONNEOEves despread data

SR A BB B 5 LOASEL P GRS Y -

e€s a C

dhaniedizbatiharymbols. 904, and a pilot interference
estinmator 906. The channel estinator 902 includes a
der 910, a pilot de-channelizer 912 and a pil ot

filt 4 : AL i E NG
ontn £, L2053 o8P QR RTINS SR o
flemuhiel pHowfilt@2A 4 iTheripid ftrms stelr Aeh e endjht Mt bf, 9@ channel

i ncl udes _a cancel |l at.iop factoy c tation it 92
GBI B PSOBC AN BRD AsAEPal s e AR GHcesior 200 apjjecchannel
e%aﬁlat@h,giﬂl@t cArREPORL {8 tch&thel icbéfﬁ&iegg (aghzlgﬁﬁde? Hased and delay or

pilot interference accunulation blo a pilot
terhe nffedt). zEhe Pidut fiied 9 may elael ene 9BwOrd BGIEY, Thea current segment

£hannel esti or 902 in FIG . operate. in a

A rR B s s AR RRELRu fn g enammpte
RO PUet fltdriv 11 k&Y ROEM di0 sdpnfentHrowctile & @Bk ERidi@NAlternatively,
described below. Simlarly, the data denpdul ation unit

o pilphiiltprl4omppyseoperitreOte FegMENtRite BfOVifigrmBturgshanpel estimate,
1%2,12 8 Pgeﬁigcg%#'o&H %\(ﬁné&b\%s{iﬁé@e. deRethagdl BRMSe W, 1Will be used by the
pilot interference estimator 906 for pilot reconstruction, as described below. The
channel estimate hy, output by the pilot filter 914 to the multiplier 926 may be a
complex value with I and Q components.

[00115] N is the variance of noise plus an interference term seen by this finger processor
900. If the variance of the channel estimate hy, is high, then the channel is noisy. hy/N;
is used by the data demodulator 922 to demodulate data. |hy|/N; is used by the
cancellation factor computation unit 924. The pilot filter 914 may include a phase

rotator or phase corrector.



sonme exceptions described bel ow. [00110] The
despreaders 910, 918 receive conpl ex conjugate
wepwsadiaag sequences, pnt¥, e.g., PN sequences #esmisinsd23307

above as Snr(k) with FIG 5, fromthe spreading

sequence generator 414 (FIG %). In one enbodi nent,

t he despreaders 910, 918 first nmultiply (despread) the

déhputsPCeROhtich BRedrent fromthe sanple buffer 908

starting at a tinme offset tmof the nultipath with the
[00116] spr e almen@r@@q enpesdlatipmby aaplyralite of diogarpiasesshes 900 may improve

S5R01E38, BB TBLES B2 ) BUERE TR o st

iaforthatieg e teality) Raéiheses’3 epheneD W fi@e-vAB8nS tanatit ﬁﬁf/ak a’challenge
time offset tmof the nultipath, and then multiply the
togstimpleasliaple shapashtae fprmpationelaghy usst s RYotsbguiseecanceled from
[ e i E .
B rpcehR el TS SRR AR efidtle pbPopdchin fffaes. Using
upeliahid ehamenestmaterahay dead td evpoetaicelldmhaol dagl €8nples. The
fromthe sanpl ebuffer 908 to achieve a desi rei:i1 rate.
cAngeliaign fagion campyRtioRdiend Fadudss of RESVERIS capsellpienkit agichannel
Shighadr SEMRbRsts SiP LRk libMe  dtisyP PIBL-Basbdl dHAnd 0 tinfal.  Thus, the
exanpl e, the despreader 910 rfay upsanple sanples from
¢aneeliptiop | factbutdraputgidd brit 924 anviginizes tasjsiual energy (mnisepnafier pilot
resol utian og finger time offsets, e.g., chipx . The
wgﬁ%ﬁ@£88?“§ #'May deci mate chipx sanples to chipx

[001171 f or aPForcixafiple, tidet HiagdH protessis ODAMNS! pro€éss We?sanhOfREdiZtd signal
eneral, different rates, such as chipxl, chipx2,

In

nilifigrent Hfsets hang detegipdiffseent SR Hpr ghpipnel eastimates.  If one finger

1?:1‘8{::&9&6&&@0@ fa ﬁﬁﬁc&lmg%roi N 'beH'dgﬂl%f)ler 8 fdtuce (scale
I'ke chipx may" | nprove performante and accuracy of

dowp)| e doawibutioat efs thatk €ingtr Pprécesmy’ sb@edodsisudat Usikt efor pilot

but i nmprove efficiency by reducing the conplexity of

intgrietange Ftellalitt- t he processing time. [00113] The

[oo118] Pi | otyf q@{(@%ﬁﬁ'o‘f %fse&ﬂgs &@)néf?l—rgé}gr%cg%nﬂ %?eg{ Hthid@hBer processor

sanples fromthe despreader a pi
A mnkighzatd pitot cihel EEngtht |hm]ﬁi8d_nw, (izn tbeitarns] estimate hy, may be

de-channe] i zed pil ot nbols. Siml.a . the dat .
GE s Sare s aSor Eonpyatotimhbed mayieitC fyy ancetation
flakeMof,neuadden, A162amd ofe. dgha faacuRehb ZMMpPIARILCBE] noisy channel
Cdata, mand (b) outputs dechannelized data synbol s.

Ptingte weil bge frgen puwpestorI0s tb oeconpireas pilotishmpdesi ves at

o] 250 L o 08 o 0 8, B .
Eobatln id12bN, .anbnhé saricBRatidnafabRl cofiputmibe ikt 9d4emay select a high

specific multipath assigned to the finger processor 5.
aneecllaiiga faqiammesuch as 8,79, 1.0, etc. If N, is high, and signal strength |hm] is

also high, then the channel estimate hy, may be somewhat reliable, and the cancellation
factor computation unit 924 may select a moderate cancellation factor o, such as .5, .6,
.7, .8, etc. Values for the cancellation factor o, may depend on how pilot demodulation
is implemented and how a channel estimate is derived. In some cases, the cancellation
factor a, may be selected to be greater than one. For example, a channel’s phase may
be improperly aligned during pilot demodulation, which causes energy to be cancelled.
This channel has an under-estimated signal amplitude or biased channel estimate. Thus,

selecting and using a cancellation factor o, greater than one will add some correction



estimate hm may correspond to a channel coefficient
(anplitude, phase, and delay or tine offset). The
woizbastoodd4Bt er 914 nay use one or nore segnent SPCEUS2005a23307
current segnment "n" and/or past or future segnents, to
provi de a channel estimte h@® In one exanple, the
pilot filter 914 uses four to six segnents to derive a
tafe @k chafdeBltfnatd) TRE Rakduba!véiovk Ryl dpinddl k& ciidhflel that is
nmay use one or nore segnents to provide a future
cohsiam @lveresytei seament witle Gaussigmmwdiect i on of a channel

o020 551 TR FIGAERR B, RO TROS LT o7k B A8 i
fERE RiToV £iltei0N4 18T oD d hRtelREbA actdMs, BH@RAuation:
estimate h outh%g{t by the pilot filter 914 to the
mul t %l Eﬁ“l:xb’%) 1t (Bl lex value with | and Q

0 n 0 . i ri i )

SRPIRER Bl B hal R, EEL AR, OISR Bl by e
chBkhel bftithdrer 96T, NS Roigé (EHMN, edpreeats ths bignaitte-ruiseiratio), and N is
hi gh, then the channel is noisy. hm Nt is used hy tgle
thREverRanG 0 Ed fitho ohenngl erifgify | N EEPTERENE. 2 THRPSS OparRIes used to
#ﬁﬁgte_ atnB?\IIt]C G lb@'iﬁeoé%gfn@ﬁtlt leﬁagtﬁ,%h‘ ba51 0N 09N bf 2048%hips.

e pilot ter 914 may~includé a phase rotator or
[00121] phasdncaratiert @nb&liment, i thg @nGdlatien | fattoo rcofgutasion unit 924 uses

011 I nterferen cancel | ati on a plurality of

bl Bt Blah 4604 Ras e o fpfefpdP el opifpgm a ook

BFEERILUIsNmak §06H—u1|§ B®1d RERIYEpretRErReiddeGiues bafaifles of [hy| /N,

state information. 1n reality, each user's channel is

anidreerrosponding praxdeteiminad gansellatiooHastpsitge to esti mate

reli annel state i r ' r' ' .
[00122] shouleiﬁbgefbg ané gl Eécfm%’lg rr(%ftn%glorgigI e?a\%%l L_}g{i: Bh H‘g?ﬁbfﬁggé Hchgi%temned

dagedliatibh Cactrs gl i B @blei Used Xbageai)iafiN]), ehtieMatiesturated and

Us%iré%dunr el i abl e channel estinmates ma

18y

lead to )
arfclits tatprevider maber Safwsead. anfnl> eedetf selpgw. The right
: : or P
AR ERTEIAI RN p PR RUAGS B BBk cpion
unr el 4o NghpldNgly/ i+ @IbaEAEH channel estimate. Thus,
the cancell ation factor coqggtihation unit 924 . nim zes
t

[00123] 1 es; i Siemer By HERIGISR) VaIY dePET PORUIPHY BRSPS AE gore Information
thad S,E)l\ﬁtlé ®Rd td O%hdufth tHeQfan8RABh Gactdr €e i nger

processors 900 may process the sane received signal at
[00124] di f f €Ftenfirsoifudiaplier H26 waltipbes, dief, fsealentthSkienngt extivagindin by the

%;%&L]it 5%%1%;&@8?%@;2@%&1%;@?{09%3%@ tggtcglgése?l?g% gac{oor computation
RS0 (pEGAlEpHRephehihReigiel Ehiut] erffediedthat finger

rocessor's reconstructed pilot for pilot interference
ﬁm&cowmnfﬂmﬂns] If Nt (variance of noise plus an

[00125] inte rIff HERE d&l%& T 3REL tg %rh I?ljuﬁtilgzitﬂ AceiviRtl gfg%ﬁls@ 'an integer multiple

of the chip duration Tc plus a fraction of chip duration T, i.e., less than one chip

duration Tg, inter-chip interference (ICI) may occur. The finger processor 900 performs
reconstruction filtering to account for pulse-shaping by the transmitter 218 (FIG. 3).
FIG. 14 illustrates an example of ¢ (t) 1400, which is a convolution of an estimated
(pre-computed) transmit pulse @1x(t) in the time domain from the transmit filters 352a,
352b of FIG. 3 and the receive filter function @rx(t) of the receiver 252 (described
above). Specifically, the reconstruction filter table 938, second multiplier 932 and pilot

reconstruction filtering block 930 in FIG. 9 account for multiple lobes, e.g., 1402,



900) is high, and pilot signal strength |hm2 is |ow,

then the channel estimate hm nmay be unreliable. The
woanm@okasi on factor conputation unit 924 may BeTAIS2008/023307

| ow cancel l ation factor am such as 0, .1, .2, .5,

etc. This reduces the anplitdfe of a noisy channe

estimate used by a finger processor 900 to reconstruct

18Dk 8! 1@@@'1@@6AI 9&7633911 el imdttipleStap9Vor ANEktiRdt tr&isﬁﬂtabulse and

strength |'h then" the ¢channel estimate hm

nio$ jypst ababblycelr lsdbcablge 14§>ﬁd(1 eheecn@gndag bapedn velger of the estimated
RRTRULL " 1H B8 S gREL ), B GRS i more

SlghlS 'regfc‘)ﬂétnﬁiddeﬁﬂéthsalnmﬁsz V@itiJu® @ohéi@étingt RNshiaPée of the transmit
channel estimate hm nmay be sonewhat reliable, and the

nedaecand| tae irexeiveatitter ansbrpsoRsiricaen ditiering the r’fﬁiﬂngéll“é‘“& Paot signal
dr(leortaat gur%gﬁrc ghéchttljleo c];t%cctog{n gﬂb ?out%g @c% ved'samBles. /

€ UEes cance ation or amhay
[00126] deperld it bavodinleat, ahenmtul @torehrutidori mmieﬂngmmdc A80l includes a
how a channel estimte Is derived. In s ses, . the

Rodypbate Hritompulee sepense fHier KERYePbichetp™ nase cGHBdngy e from
S0 A i o SATPAE £ RIGLSS BLAPRIRY M may v gen s

phases eck:cﬁmte 0:Y; flﬂter fenatmnc adcoating Thi the cdivemphaseasndrthen perform

nd t t d ' d | .
S A Bl o el e, 1Bl Rl v o
deahsd 99"8%1@@@9(!1&%11&%{‘ Qﬁﬁald\?}h&se@dﬁ BB fset ty, input into the filter

correctionback to the chann estimate. The equati on
thialle A8 selgcts diligp eoeftiricntsrcoaresivading) torangtof iSsditlsiest neRsible phases.

@{PEIBB]?W@ %&ﬁlgyﬁs @ (@F ?%H icie %sf(g%cgkcgg%%? Ihg ns@le%? phase) by

e 4huERS chtiithte/aNd danedllatibe factbot "Ifllb|1’eafnsﬂﬁéhdn0f1hﬂ1iﬁg1bbck 930
a cancellation factor amfrom an equati on:

f[ll(qfﬁ fpezfomens g cqnvphution (qfhg wr%@)motmabﬁpmrfwwr e at chipx8
t

L

Hasc®! Mimplep r(@sgmtqs ohe8 singpied); hftemndecimatiat |oﬁ)8,, thm deddnstruction

i.S the aver ng | en of th I ti

g e T s biapot s g ooy (B85 % prbles nhbs cmppdimpnt may
Ilé@ucemoﬁﬁﬂ )@@(}flﬁ?e gﬁﬁqﬁﬁ@ﬁeﬂeﬁ%ﬂma%ﬂ‘deaS 512, 1024 or

2048 I'ps I n anot her enbodi nent, the

[00127] canc eTlheattecmtrtletmmﬁlltardmia 038 storesuatet obpr4- Oomteritfﬂ’f@ﬁmffwlents

h 9 |
b ptena oo alutigh L 71 ot P b B Bl (rpgransmi

ﬂﬂg&gﬁg{’az ;g@& 6 FIYs 3988 o cgk% &fitdh @%ggyglé.g.e 18% JaROERS) in the

and correspondi ng pre-

1£8816&1 253 bORId. ALt ThS tdfdmit isz )GusekOby theattariaRlters 352a,
of a | ookup table for | hn a pre- determ ned

o lthatermimal 406 oy bamnoﬂne)rteaihnineted bgshefinger processor 900 at the

(2048)(|h 2INt), where X is sajurate rounded t
B StomoLos vl e A ARl G Sep BrHeary o deraed o handtile phone
St ea G T by RS ddaBY. such as 1S-95, CDMA2000, etc. The receive filter

function @rx(t) may ideally be a matched filter (MF) with the transmit filters 352 in

FIG. 3, but a real receive filter may not be matched exactly with the transmit filters 352.
The receive filter function ¢ rx(t) may be set when a base station receiver is made.
[00128] In one configuration, the convolution is sampled at the highest sample rate in the

finger processor 900 (maximum resolution of finger time offsets), e.g., chipx8, such that

the filter table 938 includes a plurality of filter tables, e.g., 8 filter tables, where the i"



col um contains pre-determ ned cancellation factors am
derived froman equation: am= N[|hm 2/ Nt] / [1 +
wOD(oldaAs Nt ] . [00123] The size of the tabl e nRgTAARONS/023307
i f other equations are used or nore information than
|hm{ 2/ Nt is used to conpute Bfe cancellation factor.
[00124] The first multiplier 926 multiplies, i.e.,
| ch Qlutocorrelation

TGP 4T foREQRHARTI cFIA BRI by 46 gRTPUhBds o
fﬁmtibn r¢ @oapumadifsen i,unbdre 9240,t10 2pr oV HeclpEtersteblernay have 2M+1
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Iy t —
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filer tableEmay basant foas- lﬁménp:hmp splams&it icbipx T ¢whérn M =2toi §o and 2M +

PN b F ST ST (BPTRGEDS BEbdHCGH &1 = o2 to 97).
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ustrates an exanpl e of which'is a
pu:onwmrm)(i)(bn of an esti mat ed (pre comput ed) transm t

v P 5SSy P G2 b, A 00
Aot tiw@Nsdchkfikdr Rblek e d pfcpey @ime? 0 sétdRB Of,i Qedigddotoethe finger

Specifically, the reconstruction filter table 938,
psecsosnd 90Q) forplerensiggomaliclpE D Pilplesasmles 9ae itehle for even samples

ok 58 o958 3 s FSRBr 2 AL s or

sﬂyﬂntathﬂIﬁnﬁﬂ FkSt)lmaﬁ:f h,atoetftimm tfman theaﬁrstmtultp)plies @26 arith each filter

not just the center | obe, 140
tap B@aﬁ@mpave@efﬂt%ﬁoqfﬁ@eé@% PFrgb?eaWPrSs}F%Fﬁdt le @BleST LAY second

thinki @ﬁ%ﬂes B?tgﬁfrg e;fEF %H(eﬂt Mtk 114)0 %efHEi‘éﬁﬁs(%%r a?Q:@hpx2) to the pilot

pro e reconstructed pilot sanple
Mldrimuuumdiﬂ&imhgrﬁlaftg%ﬁe shape of the transnit pul se
e recei vg filter and recons{yructl on,f.ilter

and
[00130] ¢ e r c O CRPOLIRFIG; F EPERn ESANRIFT HBRY 0L Be af‘%‘?d)?dgm the pilot
ﬁt‘éﬁ«f*ef’e%e %Etﬁnabir 9b6 $f RMNButh Wi tRE pil6t tdaendtRebY Eiltering block 930
sanpl es. [00126] In one enbodi nent, the pil ot
premdmswmpics @tmhﬁpﬂt Fhentgconsoertiopiiterng bﬂ@els 930 may change a chip
%ﬁéphase {n te inmpul se response filter (FIR), which
A reeP E’er@ mating, e.g., fromchipx8 to chipx2, and

oo131 filt eTdeﬁllétrbhanl’idllﬁaﬂ %@ﬁﬂpq&&deﬂ%ﬁ liy P@se nfdyl diperatemya similar
be given hase decimate a filter function acc

NIk les gq m@llzea A&2 end PPIB%C’PF Pt FIG-eb e¥egPt %srspre%der 936
gxﬁ@ 931‘5 daa%ove A38in . e(gfeglyérg)ﬁ % QBYALH“NON In contrast,

escCrli ecl fe ent
fhosspidaller pBadesFIGA 3 ireveived fthetSptel!ldlmgps,cqucrr(iBOSﬁ(ﬂ‘{QN) for the next

el 3o AR SRt s e Tt Sk E030 B  rceives
} %}B% @écilﬁﬁceggzoﬁﬂﬁletchﬁleﬁtes% ginBRt ‘fri”|a'h§rpr&\9@§sfd $préuatSilot signal

sel ected phase) o

(e.g., complex PN sequence chips) for the current segment n,” not the next segment

“n+1.” Thus, the finger processing 900 of FIG. 9 reconstructs pilot interference of the

(13 2?

current segment “n.” There may be a short delay between reconstructing and
accumulating pilot interference from multiple finger processors for the current segment

“n,” and then subtracting the accumulated reconstructed pilot interference of the current

[19 2

segment “n” from the data samples of the current segment “n.” But this approach

[

(canceling the accumulated reconstructed pilot interference of the current segment “n



the channel estimate and cancellation factor. The
reconstruction filtering block 930 filters (perforns a
woamesmows4g on of ) a spread pil ot signal from spreaasr00s/023307

936 at chipx with the filter coefficients, channe
estimate and cancellation faélor. If the convolution
has 64 sanples (8 groups of 8 sanples), after
FHRE HPEA1 98, )ﬁ]%le§ of Eﬁéecdrfe?lp %ﬁﬂe‘ﬂ?t‘h’qr}nﬁy pERideN@oR Rikble/accurate
930 1s an 8 [ter and only filters 8 sanpl es.
pilet tefeoge nemellrmw leelchqmélycf@wpglelxlttr@c pdriank ehamnplst

[00132] If :’1|t te ; er e gh%%tg %etri??;% ggagﬁrg%%l\geo %gn?l lgx I(%gal{n% 9%?0;11 ﬁlf)cflgé R 1 and

@Qﬁ)ﬂpoﬁélﬁm STh@preh&ft' 956 %ayarébei’woédiﬁpl@ﬂ KN )seqiienaes with four
estimated transmt pulse ftc]éO (fromtransmt filters
mssible gEuts of +Hel@r 35—1 anthet B tr@t@@pqlezeruweandRéw@aider %936 may
S bW
g%ﬁel%gla extﬁa cﬂ s%% esac |s d% %Ef % { &Heﬁtrkgg%lgﬁtteheq{) ragsgsi %ﬂtfenﬁé §y the pilot
r"e¢dnts&ﬁ<310'ﬁ5’ﬁaenn§5»2¢tk®‘30t he term nal 106 may be known or
estimated_by the finger.  proc th base
(00133) St o 1 915 U reqB S AP BBk 3P LT B° A A Gliering, i
! 2
BT RNl 1 e i
R (andele prdeiatt of the fiftenmblehmeftidiente ¥ (()J\Fa)ncvhlatwntfh@or and channel
transmt filters 352 in FIG 3, but a real
. esfimetsr Emwxmpl%@wi%ﬁwnét%éwmfﬂ%r% ok $30magdnelude two 5-

}lé%ltltg 9 %%?gltyg eorrl%ctﬁ ¥l At_tcﬁ é)xfl u nﬁ{ek@ﬁlag%tQ)M By tzﬁﬁ for each

ase st atl n receiver 1s made. "[00128]
filtee. dhio ffﬂ@nnglpmmded Hsbetheqnnﬂmt)telabn&mmctlsn fitemhgbllogk 98Genay reduce
hi ghest ate | e.finger processor 900
ﬁﬁﬁ?%ﬁi@g&@% tl“BﬁntB’%}e’i"P?‘Féer time offsets), e.g.,
[00134] Ch' px he gﬂ'&hret:&"i’srtru%ﬁgn filleligg i 93(9%?%1}1' Rebu@@St 8ne segment of

of filter tables, e.qg., fil'ter tabl es,
waenmetahgmd pﬂotISI@aIStaablhleX%rﬂSDlelgp@ ﬁm@pmldﬁmhmmbt samples. In

z?n% elr glsi}b?)fﬂ]ér?eglf,ft@%tgpﬂp %ﬁlgﬁlnglc‘ﬁlo uhggr?ﬁé Sié)a}( 9%8.; 1&:%05 WSequence
5\}e¥§aﬁfplédaeﬁ |lcRipXBY arftby RsZipidr (bapvedntihé plot radths@activndliteiing block
have 16 bits. In one enbodinent, Mis _selected to

Sb’é) a;udéalff@r 9NPadecionatessiiia chipsS sappled paLthe @ilpes ishustiqn filtering

l%}esl%)%éq tofchlp)éZ \?{éﬂ] %% \Zé}{l:éll’lase g% 3 rs]t-sgnglgf éah{'pgé lffo?x? \Nher Zﬁ%ﬁpendmg on

thE offbet tlﬁl)’ldl“f%MarhplesareSthhﬁ) stbBd, in alie Bﬁfe@@%hl pX8 time
spans_(where M= 2 to 6, _and 2M 8) +
[00135] one  eRlifo iRk FECONSHECHOMIIENE el?Ng‘Elgab%Q QE@’“WB? %Og‘ﬁ%lﬁted pilot

Bt s SR Pd BEg wis
té)ttﬂg%gg gcets o1 9 01‘1’(?%’1 og‘}gc%ﬁ?t ﬁc%nsfﬂfégl %'bllécﬁtr%?)&}ﬁ%fﬁwlude a

img offs r tm assli gne

PHRE GS—‘I'@cﬁtoQ @0 phhser coreemnsiattiiarbnifahe dedppeadep®1dincludes a phase
sanpl es, one table for even sanpl es and one table for
%O%téﬁ&ﬂoé@ensﬁ‘i%s fop reaernaY PEFSSS-i er 932 nul tiples the

?‘f@[hﬁt@rf&%ﬁé@ﬂgaﬂﬁulatlon Buffer

[00136] The pilot interference accumulation buffer 928 stores and accumulates

reconstructed pilots from the pilot reconstruction filtering block 930 at proper time
offsets. As an example, the pilot interference accumulation buffer 928 may be a circular
random access memory (RAM). In one configuration, there may be a single pilot
interference accumulation buffer 928 to store and accumulate reconstructed pilot

samples with different time offsets from a plurality of pilot reconstruction filtering



channel estimate hmcoefficients fromthe first
multiplier 926 with each filter tap (pre-conputed
woizbdemosaasef fi cients) of the two selected filtecT/us2005/023307
tabl es. The second nul tipli er 932 out put s per-segnent
filter tap coefficients (e.g32 at chipx2) to the pilot
reconstruction filtering block 930. [00130] In one
b%@?@'.%@%f‘ﬁ h?faﬁ'@p&f't% r bRRBRLI00TRY sitle BRerf@esRGckBmulation
the pil interference estimator 906 if the output of
buffer plalyolse rlessomemoryc spasa il atleri W@OIM%CCF@W%F%W @é&)odlment

at. c x2 The.r.ecqn t
SETPHED Shickisteke angBndr YuBtels kgl e brdfesi g
[00137] The WHeQiilo@ haareeéiceelcc@3dlafol bﬁﬂféme’maﬁﬁﬁvd the K4 r&olution as
y operate in a simlar manner as the pilo

thmwméqz bufégr 9982 Fanexampledhe pllganterfﬁrew@ccsm%%?@éﬁ%lffﬁh828 may
F t
b%%'f gﬁi%?% ée%glglPPg . tel %é)egatﬁlgcq? 5%5&:'%& (?o)r% t@iﬁlgg?dsn ?ﬁjid%ﬂ WESMént has a
lsiptie @den2 Thips) thehlthe pﬁot ﬁﬁﬁferem:et daeump]aéami bnﬁfels 92]&1 mayestore at
Sm(k+N) for the next segnent, | be e P
IF2F3 segme 1A S OIS EHgRI 3 3amPRYE PRI lgbles, which
atngI &Ht@c?%bﬁ%é ﬂb’ﬁ{%g@nsﬁmtﬁfn ﬁl'f@ld’g%lé&'@%ﬁﬂ&’ﬁﬁ@“%%h of at least
prow es a Spread pilot signal (e.g
%eegmﬁme thhi pidt ﬁMrfarhEecancnmaU@egh@ffﬂr 928 'mayostord @Veﬂap of

next segnent e.fin 0

BEFECUY Pﬁgtc S%Plfgﬁrct ghﬁ ﬁ’liqt PHESFE ‘?’?8 emgfa?? ﬁe&%lff%rg% may be
APWIRMed With oflReERedTRYhd Bilét iflkefetende heyunhdtivpesuffer 928 may use
reconstructing and accunul ating pilot interference

dth@mﬁmpletratss,éueh ayde o5dGedeeh® R the current
seg a e

[00138] reco nlgﬁtefru 1?% |%I§‘?£S A dé)r ghfg,ggrg%}ﬁ ﬁ#np I@tg ﬂle interference
®e@aslation Buffélf 9y ddﬁealﬁkizirﬁo%ﬂb pidst mfer&:i‘mm: astrmme The adder 916
segnent "n." But this ap roacg16 (cancel i n
ig caehiingtr eepces 199 fhira watrpsts e pigtierones i liopfutter conten
S%H&Eeealgses(ﬁgﬁieﬁk mfé;gefe%% ta@&m‘i{ﬁﬁt?onsﬁﬁﬁreﬁzwffrohhﬁle received signal
current segment "n may provi de nore
(f®hi thblsehplebuffat 80§)itb proviide Eidtdreeniat: seenples|tod dtei datg demodulation
especially for highly time-variant channels. [00132]
w4 | ot~ channel i zer 934 may receive conpl ex

[00139] & Cha” ”H{e' &@hpeRitF QElRR1ivh tdF dsuiﬂ,{d ) @Hﬂ@ff@ﬂ%ﬁ@e addWnulation buffer

eader 936 nmay receive conpl e uences wth

rhaw tbe pa@;hswbi dbyvmbkieg thé reqmgmmtempﬂot 1 peengdentofrom the mu1t1path

934 and
BRI B3 300 BRSBTS g 0 i
fate ARY $yR@nDMmENEigREd. OThiig ab® Sdcongitucad il dt tnedyl lmgldn]lepﬂident from

930. [00133] The pilot reconstruction filterin
the @mﬁbp&tb (pssr) 36 Valcimed Tfhmrt:@m%ctai pidot prpgided %bféh%\mteffefence

SR aﬂbﬁl Bﬁff&f 9%]1’39{3; Br sut falc&:g §glle é]ewg ursBsiBaction, from the

sequence duct of tHe
Ifebélt/@'f sitzAll rocided fblycuhe nsasipfe Guffer Mnmbidatg tnsyséon cblme without
and_ channel

considering finger or user time, i.e., without resampling. This eliminates the need for a
resampler, such as the resampler 540 in the finger processor 410 of FIG. 5.

Time Snapshot

[00140] FIG. 11 shows an example of a time snapshot for two finger processors 900
(FIG. 9), which have different multipath time offsets t; and t;. The second finger
processor has a shorter time offset than the first finger processor. As shown by lines

1112 and 1114, the two finger processors perform pilot demodulation, pilot



, estimate. For exanple, the pilot reconstruction

filtering block 930 may include two 5- tap filters,
wO-20@mpwosdeBt ers or 13-tap filters at chipxl. Thece/usens023307

be 2M + 1 taps for each filter. The filtering provided

by the pilot reconstruction BPltering block 930 nay

reduce the effect of ICl (inter-chip interference).
rbQRd3ddti o d Riat e R LRSH FHCE ké?lﬂelfndel dreebmentd] ‘9cK” 93—@ and “n-

may reconstruct one segnent of user-tine al |gned pi | ot
351 ghilk sheatecetviepR2 (BEH |40 tvritas armtxpsagmemé “ahi phazthp spple buffer

G o) SRR e b 7B g, g 116 i FIG. 1

&%ﬁ@&&cs WSS ANREAdiAé of Re@ients aRG "a“H-@FarHPb, er“n 2, “n-1,” “n,”
(bet ween the pilot reconstruction filter ng bl ock 930
“andl,”beie f eﬁegg@ay e taPHESERIS o pIETeRiSpRNE npbegEnanf oPnlt Hgpresents a
RbliRls SSFRAE" SHELEAN L LB OB DLIEK: Sl AR Zepmept” may
Hasle petighengpan noft §12eclibé,sket dxadnpleTh <Eas}an‘pliup§ raxye comespond to 100
stored in_the buffer 928. [00135] The pil ot
Rrecest claskicyelgs fPT Bl bl ock 930 outputs a
[00141] " eCO%Eﬁ' SR REOE5) (liIGf E?B %g? to ’wgl@@h n@{(tr ée%ment ‘n+1” into the
nprising estimated pil  es of tlp
samleglmffhr@ﬁ& bre drimngre rprqyamsessgmcmﬁng Trhé” pmd are Stored in the

SRRSO T 9oL P TR BrBARE by e

tHRIRIRAFRICeRSA. IHAch BHSS prodRATS tiAt aglay offfat shifts the stamng data
conpensates for fr eqluency offsets. Pilot Interference

se\mpiﬁmldamdmg &ua sRplp 00 1) Her Pt demogvlatiprphfgment “n-1
ccuinu t S .

TG 7T il b 5Pty B E° 5P EpBF EREMSHERIe butfer 908, both
firsd &Ry é,el&Gnthﬁgé(r [20€bs&irs Iﬂémp&dilaﬁelpmmfofrsegrﬁentﬁﬁ ]a’nw1th some data

exanple, the pilot interference accunul ation buffer
DoWlgrn{Tone SRRt c i hr 2P 9B 4 %tée%?énmgfm SpgRgnt 0,7 In this

i gur, : I
g, AL B e A oo PR T ST LP P g deodulate pits
fac sepmemt‘a” mhilonsgmentt ae1pid wtlttsxattpﬂhe sampterbuﬂfei 068 datause both
time offsets froma plurali f regonstructiQn. .,
langer eFqcrEIrpLRRYIdgESd &Ptaéampﬁ%f ?we%‘?mrt. Ag 3P segifent 1" (due
tBrt?eS: ﬁﬁgﬁfﬁo&@&rs ‘Aifit BEL&s 1, HhaR])eaRNEBnREC I &b 8Bt been written
y use less nmenory space and other resources
wonptesdmpls tafifee ABDdi nent with nmultiple interference

accu tion . buffers i | tiple r , . .
[001421 901 ThE Hons: 4 5 fipall i d dé‘g eiopalion HepaRe g gpilot is
1¥BYnshavied bh@ careBed ﬁﬁ@id}ddr@ﬁt @gnichega [mécﬁ‘ltﬂasicftf) en eQiBated pilot

For example, the pilot interference accumul ati
inietfeeanco dar Aapxbeceaent finpk2ay dessribed abovej wih. FIG. 5. But a finger

018%3%11 e ?]%esa%ﬁepﬁﬁlg ﬁé 0% Fi(%hlllp%l‘{]gt z?ch EIVE £ %‘ftﬂ SEONER! channel

PRE™5} | eng |nterference
clmawdlrﬁtbe@ter plwtflﬁerfé)rzﬁcdmpcenma (BIC)I@ast 2 segnents,
.e., 512 chi ps/segnent x_ 2 sanples/c =
[00143] sarrpl BIG. 144 Lsﬁa owgdlagram that sunql}aar?zes the rocessocﬁascrglbed e}bove with

FIGs. 9-11 for deriving and accumulating pilot interference for a plurality of multipaths.

In block 1200, multiple finger processors 900 derive channel signal strength estimates
and noise estimates. In block 1202, the finger processors 900 (a) select cancellation
factors based on the channel signal strength estimates and noise estimates and (b)
multiply the channel estimates by the selected cancellation factors. In block 1204, the

finger processors 900 multiply the products of the channel estimates and selected



are generated fromthe pilot reconstruction filtering
bl ock 930. Wth a length of at |east 2 segnents, the
woizbwtoosaas er f erence accurul ati on buffer 928 nmapCsUs2m®s/023307
overlap of previous pilot sanples. The pil ot
i nterference accurul ati on buPfter 928 nay be
i npl emented with other sizes. The pilot interference
ARGHIHERE R BY ? &ford %ﬁe PRYnRL1Oh Rer SABYHR I &t BRck 1206, the
such as 3/2 or“4/3 x the chip rate. [00138] After the
firigBE BrocBEsofe 96D HerfoRN rédonbisittion CiltsingUt pergrait [pdibs samples. In
the 1nterference accunul ation buffer 928 contai ns an
108, pisingle pegusylatiorbulles A28 #iptes roneastafirs Pidpisamples from
f i 9 t t [AC e
e S R 0y S o A o G e ik 1210 e
dcturnniated @edonisendted piloesaaplasnare atbtoactdolufrérerdagR@imflesofor multiple
the received signal egﬂt%rom e.sanpl e buffer 908) to
fhest PaeessPs 5e PR dalf SCRGABAEY t o the dat a

[00144] demodilzatihen;upi fiow Qagrh@0dBRotHdiCeriBOiBY! bY a process to derive
reduction of using a single interference accunul ati on

docrirhelatertepjlob éntexféneracetdr aynumetici 9§ muiepaths dm sthicicfibiering and pilot

.pj | i ndependent from the .nmul ti h ar§lv
BlerBlentbpeRRTHRD ot RO HEE ke BB RE FIGE[ A M ook 1250,
HeRgleafifteraprodessbisPBO0 dRtiGe BhENEY Sdiginl totikBgthl egitedes and noise
Thus, the reconstructed pilot nmay be independent from
asthimaiesd 1 pleck 1263 ¢hg figgeripregessarnB00 () seleelcsneliatien &gtors based
i Lot ' b ok r . [ ffar:
QLU G et [ SHE USRSl 0 BTy o
Glabiiel astibares by ahe tshlected ceainvelthtion giacorspr dui leck H254hthe finger

S s SO hoF et tiand SR G Sl et bion factors o

RESRIR Higot s S{ﬁes? | i fgie$25d)e BRgR hunfil&RBAPIEST 928 stores
such as e resanpler 540 in the fi'nger processor 410

©EorBirGted . pilbt rremBlea pisdrot mpldiples Gihgd Bocdssorsh¥k &gy, at chipx8 or

ST el 1P PR R BRGSO ot ol
Rt 388 SccunichDuffEhe28 8¢ Nd I bIRER260,08€ a6indi@sd feconstructed
shorter tine offset than the first finger processor.

kot Shaples e subnased fidd datecsaiiplet, fot nmltiple fihgargeocessors to perform
rocessors. perform pil ot denodul ation,
t2 ARy ucti on and data denodul ation for a

[00145] S€AUERC &1@f 1§Bg MRRLRe isNpdrformel- #hter AQGmulating, rechhdthRted pilot
the recelver 252 (Flé 45) wites a next segnent "n+1" _
interferancs ampples fufrh enul6pls f{rgeGpra@pssars Y0t ande befovee pubtreling pilot

Wite pointer, The bottomlin 116 in Fl G nkl
lepieBaBR IS by ) PR r R ST GpebigRagbS vopdgnat have to
pdHdtm filte#nd, Thismdy redube the comPlexity Bf dach firiglr poeesIBINIO0.
'n" represents a current segnment. Segnent "n-1"
nts a previous segnent. Segnent "n+1"

[00146] Feprexg n&c%’ua? tgt%f(tpilgteglqgrpetrencgasqghaﬁ Sﬁ@{}e&%hp'f@(yvalue) of a received

reverse link (RL) signal may be expressed as:
K L - )
P)=>.>">" h'(@)c*OInT, —iNT, -7/ ]
k=1 1=1 i
where n represents a segment of the received signal (for example, n may have a sample
rate equal to chip rate x 2);
K is a total number of users or terminals contributing to segment n of the

received signal;



have a tinme span of 512 chips, for exanple. Each

"“chi p" may correspond to 100 processor clock cycles,
woanoemmaapl e. [ 00141] When the receiver 252 (FPGI/U42005/023307

begins to wite a next segnment "n+1" into the sanple

buf fer 908, one or nore previddus segments, e.g., "n-1"

and "n," are stored in the sanple buffer 908 (by a

Pr eVijous a Woial @ueibef af irdillipAnRd caMaibhi@t & tefmdit A 85 Shd Gceived

by the two finger processors. Each finger processor's

sigmab del ay offset t shifts the starting data sanple

and ending data sanple to the right for pilot

demdﬁ%ﬁfsggﬁ%%?el ggﬁent "n-1," as shown in FIG 11.

Thus, 7 WateR Edmp ' FibfeR dfe RATRLS 1™ path;
buffe@qug?ﬁggﬁ a??ﬁégmg%ém%@%%ﬁgﬁ?inger 6?oces§orspa ’

deno ' f = 1 WM _

ComoeL ] B Do oR SR M K2y dhcHBOPS, 8l g nd

piRY ¥RiHnelishtion | dddE It 3. erRQAhE ot chiRehiatish dBe GRERM series of

finger processors ﬁhy not be "able to denodul ate pllotsﬁ1

dnes i1s egme IDNIA" syshinhe saelg ae ADMA+2000; € #)i isteal ® theek™ user’s

sanpl e buffer 908 because both finger processors woul d

qeewdexdN-sequenpd Bs from segment "n" and segment " n+1"

(due taq_the finger 0 Lo set

and sbanbpm QS (07 EPSEE trobltR plisk 37 fionf el 520, 352

i? 378l §) M fereQ0Rr QP WAGinFEGivel D58 hRWEG22)s 8B |2 QI puks filter;
or data denodul ati on because a pilot is reconstructed

RnRcthtabdboet,| thelcdmolitivn may beeattchipag resolution,itt oneembodimast;

to an estimated pilot interference for a next segment
"n+1"Td8 agamplingpeiiathove with FIG 5. But a finger
processor that uses the tineliae of FIG 11 may

achi V& anBPe of samplst Bertidpiidf estimate and better

pilot _4dnterferean @ jti0) PIC) gain. [00143]

FI G ﬁzﬁq%at%dgﬁg%%?%gﬁlgénﬁ%Laéhﬂ{s‘ummri zes the process
[00147] 9€ScrAbad abave. wid B 'l:drg?tg of M FinoBf prd6&ss s MBO PTG, 9) may derive

accunul at1 ng pil ot Rterférence for' a plurality of

amokd] irgrahstauctddrpilt ontérfar2Od, signal (dlpl @lled agdot ipreoleesnse‘seplica” or

900 deyive channel signal strength estinmates and noi se

SSHMAROLXPISSSEdASock 1202, the finger processors 900

(a) selectucancell ation factors based on the channe

si gnap(st=+ nE YT mled. amdl,noi"Se esti mates and (b)

mul ti ply tme ichannel estimtes by the sel ected

e S S L
The 1 BEORd: FLERTHFA O CHBhe SIBearh oAt 385 processor

the finger processors 900 perform recgnstruction
filtefl Ay it 6 complexiN-sequenee gaby dae my Aingprpnecessers and
single accunul ation buffer 928 stores reconstructed
pi | ot £'s ani essinpaieskratiy Aelay pethe i gliRgssr ocessors 900,
e.g., at chipx or chipx2. In block 1210, the
[00148] The total reconstructed pilot interference signal p(rn) may be expressed as a sum

of individual reconstructed pilot interference signals ﬁm(n) derived by each finger

processor 900:

P =Y p"(n)

[00149] Each reconstructed pilot interference signal derived by a finger processor 900

may be expressed as:



accumul ated reconstructed pil ot sanples are subtracted
fromdata sanples for nultiple finger processors to
woeondomosm4slat a denodul ati on. [00144] FIG 12B i sCwUSk@m#023307

di agram of anot her enbodi nent of a process to derive
accunul ated pilot interferené® for a nunber of
mul tipaths, in which filtering and pilot interference
accunul at i Aare _switched in order conpared to FIG
12A. B "(950 D¢hilt - PYE 7 nlyer processors 900
derive chanhel signal strength estimtes and noise
estimates. In block 1252, the fingers processors 900

[00150] ( a) dbtheastimated somplaxorhanacitcoeiciens dd’ roresiancdhenmsiant over one

esti es ,and n |se estimates and (b)

ﬁ%ﬂ?ﬁp%yni %%ﬁhépv é%y flwn M he sel ected

cancek| ati on, tQ I n. bl.ock 54, the finger

pr oce@s@’f)s}goia én‘é (‘EIHECTQV%F%ﬁanneI esti mates and

sel ected cancéllation factors to reconstruct pil ot

sanples. In block 1256, a stnhgle accunul ation buffer

928 stores reconstructed ﬁi’F %ﬁénpl es from mJI ti pI e

finger processors 900, e.g., chi px [

vihese @189818 thesgamglex rr@‘@@ﬁtﬂqt@ftﬂ\fi%r{matqhﬁ% rfﬂW@) WBI@R of the m®

filters the pilot sanples fromthe accymul ation buffer

£838r.bYTHe -estirfatbll Qinpl6Qhaite @effisienk akedmay be provided by the

reconstructed pilot sanples are subtracted from data

msEtpliev26an HiG! 9, pldedf (mgmay pe peaddat sy the fijer fable9fa waultiplier

denodul ation. [00145] In FIG 12B, filtering is

988 pidetrabanedizer 9%e spivadent93aendatioh éQCPG%EWéH% mtéfmg block 930 of

fgg; srf erence sanples fromnultiple finger processors

9} 0”and before subtracting pilot interference fromthe
[00151] dat a BRGdesef pracdssdsi shgem prEaceosnny 909 inathat endiodhasmes. One

to performfiltering. This may reduce the conpl exit Z

vgFiation Al mﬁrp@@esqoﬁh@av@s@&nga@myaw%ﬁ 8pylsp @bame]f M) and T and Q

actual total pilot _interference signal S(é Zra(conp

RN\ SMIENesT p 40 g@@éatvé@m &/@cg@stwm sepples Hagy 1 E?éonstructed :

expressed as: P(n) A *(07;1(5{ ; -1 NTs -Tf lc=l J=

samplesr @) epsr then rmetiplied §rrdnando@ qu@qné@é@iéhe §P@lﬁbﬂx channel

(for exanple, n may have a sanple rate equal to chip

dsBtr@teX 2) :Sifilhudy, ahd Qlrddonttadted safiples @n) brelrilfipiéd By the I and

contributing to segnent n of the received S|gna Lis

of

Qzlfctogfpgln?rg% 9 %acogx? %Fh&nepestﬁr?a% rﬁ D ml"hgrg an opﬁ&%‘f%%se rotation

may be performed on the I and Q ;; m®™(n) samples. Then the I and Q ii mH™ (1)
samples may be multiplied by a selected cancellation factor oy, and accumulated in the
accumulation buffer 928. Thus, the cancellation factor o, may be implemented after
filtering (on the output of filtering block 930) instead of before filtering (FIG. 9).
Multiple Antennas

[00152] FIG. 13A is a block diagram of a receiver 252 (FIG. 2) with a plurality of

antennas 250A-250L, e.g., 12 antennas, and a demodulator 254 with a plurality of
interference accumulation buffers 928A-928L (FIG. 9), e.g., 12 interference
accumulation buffers. Each interference accumulation buffer 928 stores reconstructed
pilots for a different antenna 250.

[00153] FIG. 13B is a block diagram of a receiver 252 (FIG. 2) with a plurality of
antennas 250A-250L, e.g., 12 antennas, and a demodulator 254 with a single



i refers to atinme index; /z (z) is an estimated
conpl ex channel coefficient of the user's 1th path; c
wa 20d6joosms equal to the product of the kth user PeT/US2005/023307
conpl ex PN-sequence p and th;$P'|Ot channel i zati on
code Cp;iot; since the pilot thannelization code
CPilot is a series of ones in sone CDVA systens, such

iaferfeRMAe %@&Qnulﬁtlclfn bufer 238 @HRh ddted Pe%okstﬁl%ﬁerd ﬁlo@@fmls@ihe or all
PN- seq uencegﬁg is a convolution (F 14)

efrthe gntenngsud ?~5QL (lfnrtbm ¢mh>qdemsnt33@dm£5 EtpCﬂWOFSI QQO 1gyonstruct
:ﬁp gnl{)p e}nt]'é&&%ln € fo }1%, antenn t%g% g%rgv 52]?1?1& 1nte§ferer}cb in the

OW pass as S

mmﬁﬁéfﬂnué Ia@éhrﬁiﬂyu&e bﬁﬁfercm&)XThaS eHelfih @R Précedsts 900 reconstruct all
enbodlnent Ts is a_sanpling ﬁerlod N'is a nunber of
Rilfp a5 apether: gpisnna by shiting B peRANCRREs dpndfmeyhe repe additional

@Jss %15 ?t%ht}nf: kggéﬁg&feﬁérfc@ﬁtﬂe@&%ﬁ%&ﬁ&%@%ﬁnﬁ%@mn buffer 928.

ura ger processors
‘Dler fivger @maamirs 9@ comsimnel ahlchlppill @ friont embeesreaitef the gn@hnas 250
a(Lralso calle interfere

I I
%slieﬁ%ﬁf@et)ege%&f e s thep qﬁsﬁﬂenw ' C‘ﬁatm prifer 928.  The

rebObBucted PiloBFate YRAEE aMs?lﬁelﬁ {9k adnd"ﬁ%@& lin Qhe fsidd@Snterference
processors to process mul hm(1) 1s an

asswinpiatien b@ﬁfnp%& Bhiaringl a smglfefmt@rfermcmcomnmlaﬁom buffer 928, this
fingger roces PN-sequence used
YRR R Rk mEMsblkabifeRufiOBT b1t s S der T vt o
[00154] pat h T BNoOintdriteentt tahdeNgeon tdcBRLAS dddeeibédhalein may provide a
- reconstructed pilot interference signal p(ri) my

rotispable dyproyemeni i Rerformance; di FtaFeécéth‘?ﬂ,r%Etl‘étdf%iSWed by each

PR 51 5RE P e R 8 NGRS, 1. 1 s

menen S‘s backgechind hodde, N1 ﬂlbartmmeﬁutaadgin@h atleetnviadls hyayarepresent a
Sr\’k’? pr ocgﬁ-@x ia?rrntggerenc% I%églr s%gr? %y aalllsterngnPn)als_arPd zlls)ecstatlons :
This would then result in a lower signal-to-total-noise-plus-interference ratio (SNR) for
each individual terminal. In fact, it is estimated that in a cdma2000 system (which
supports pilots on the reverse link) operating near capacity, approximately half of the
interference seen at a base station may be due to pilots from transmitting terminals.
Cancellation or reduction of multi-terminal and multi-path pilot interference may
improve the SNR of each individual terminal, which allows each terminal to transmit at
a lower power level and still achieve a desirable decoding performance. Thus, pilot
interference cancellation (PIC) increases the reverse link capacity, which allows higher
data rates from existing terminals, e.g., a 30-35% data rate increase, or allows more
terminals or users, e.g., 10-15% more users, to be added to a wireless communication
system, €.g., a base station service area.

[00155] The techniques described herein for estimating and canceling pilot interference
may be used in various wireless communication systems that transmit a pilot along with
data. For example, these techniques may be used for various CDMA systems (e.g., IS-
95, CDMA2000, CDMA 2000 1xEV-DV, CDMA 2000 1xEV-DO, WCDMA, TD-
SCDMA, TS-CDMA, etc.), Personal Communication Services (PCS) systems (e.g.,

ANSI J-STD-008), and other wireless communication systems. The techniques



[00150] If the estimated conpl ex channel coefficient h

"" Is presuned constant over one segnent, then the
weqguiens above may be rewritten as: " m (i) ZmpCYuiSpons/ 023307

~INTs - tn] i = h nFnm() where Fm(n) is the conpl ex

reconstructed MF (matched fiPBer) sanple of the nD

finger. The estimated conpl ex channel coefficient h m

d@?&hb@ﬁ heFeY ‘nga%%ebﬁ(setdhg e@iﬁlnﬁﬂepin'ded'angea Bilob iftéEerefoe ANhses where
(p) may be provided by the filter table 938,
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process shomn in Fl may process pul se sha

[00156] (t) aber Flagify @rioNs ssRersh @ad pemlapdg@ﬁ@ﬁ araye | b eﬁﬁo&gﬁggedf for the
I
Ijgege%%]ie"éﬁ ::_l e 21?11&66@ Ofhe- %{i% 1nteirﬂf_:li]§1 % Jaﬁ%iﬁgbgjtg&ﬁgques described

are t hen
leesip angnils 6 udel focthefbexard Ihah fimim gethas@stetibn to the terminal. The

Simlarly, the Qreconstructed I F .
PROSSSHIPE DY ferUIRtoR ol deieRBIRES RY e Beictig 9N gigndard being
él:trlggé‘l'ﬂa% an@svtiﬂe‘ﬁ?ér d invgi‘ltlv-m%hnﬁﬂle@ Qfe' 1Bed I’forFﬂqé‘?cﬁ'wraf& & feOdtse link.

orrre on the | and m(n) | es. Then
Edm:xlamgled tl(@ ?ﬂasﬁw@dl)lg’é il zesprnayng)eeqmma pll I 85 layd £dma2000 is

sel e ng atl n fact.o d t

SRl S FBN ForRortss Vi LT RI0eSREETh SR-COrfrond the
AFhiEYalsh With! £WEeEoRS dréd ghish- bﬂhd)%t@la( Athctibe (QUF ik IS-95 and
of filtering block 930) |nstead of fore filterin

‘(dma@DO@)ts equvelen © that slesraeadimgy1with an @VSFagedesingW-CDMA.  In
grak t ? ?s'ga%]; e?‘fo%%@?\éiﬁezéﬁﬁoﬁét& atzt?ﬁ‘f@c%ﬂeﬁls complementary

ural | nnas ant ennas,
tanﬁht@eﬁ@m&mem&matw dtmearamsmmdrluhy of interference
curmul ati on buffers 928A-928L (FI

G
[00157] | nt erFesr A coraaEy ik athe ol liges: %“33‘3@3‘6{1 herkire ety éﬁ% e used to

t lgt
ﬁ%?&g?ﬁg@;}’ %ﬁg%‘(ﬁt&%{ %ﬁﬁgt}%%gfﬁ%eg%%%?ﬁ%{déﬁ a%@ilti%h t@ §r possibly in

tibexc bf,da dgommaonf’ pilotecaisvette5@ allFte@nir)s w tah C@il For example,

uraljity of antennas 50 e.g., .1l2.ant ,
G2 D00 st oreant GeRE SR i SPPREHCQIBE These other
%ﬁﬁéjfﬂd& alilignaiptefdne Wﬁ&geodé@ (i), BiferefScHaRREAE6ME6®RY, which may
l[ots"for some or all of the antennas 250A-250L. In

bdwq@semﬂmonelnﬁuncmm) f Ar@éfr:rept dae paitars g0l HEAdr fge the pilot.
? 2 Brd%ﬁs &nyio rgegsé g{lgtgc ge dﬁs tr%ar&esa%n Ie‘g %ad&ggergﬁl qm.%tt% §ame Walsh
code used to channelize the pilot at the base station, and further correlated (ie.,
multiplied and accumulated) with the same pilot data pattern used at the base station for
the pilot. The transmit diversity pilot and/or auxiliary pilot may be estimated and
canceled in addition to the common pilot.

[00158] Similarly, W-CDMA supports a number of different pilot channels. First, a
common pilot channel (CPICH) may be transmitted on a primary base station antenna.
Second, a diversity CPICH may be generated based on non-zero pilot data and
transmitted on a diversity antenna of the base station. Third, one or more secondary
CPICHs may be transmitted in a restricted part of the cell, and each secondary CPICH is
generated using a non-zero channelization code. Fourth, the base station may further

transmit a dedicated pilot to a specific user using the same channelization code as the



i nterference accunul ati on buffer 928. Then the finger
processors 900 reconstruct all pilots for another
wanvwrmne4by shifting PN sequences (and maybe s®ea®/US2005/023307
addi ti onal processing) and store the pil ot
interference in the interferéfce accunul ation buffer
928. The finger processors 900 continue until al
Rt Olifia CRAMCE OBBHR cARL) thefhilbh §yrRkY1S RRASME MIBFBxed with the data
reconstructed and stored in the interference
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| ] ghed at . syst ti.me and._stored in the sj .
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tHpcRgbepildtt @iahIeNsRl st PubathaneRUhbemad2dso BB ansmitted in a
enbodi ment may reduce nenory requirenents by 6-12
wiraless comgomBAjioTBystyn] ot i nterference cancel |l ation
t echnj,qu i hed r gl ' Ot |

ootson | g ERARRGL. AR S oL B PIRLLAE YR LA e e o
ibpRsnsdit t¥eidubyaspetd dner embadinentst heayr & einsglednemied in hardware,
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sgftrrea FLIRR AR ©T A OBMENRGB (hcefoi 18 2 h%dwaﬁf{%lgn, the demodulator

Clath AT 9644 {6+ pilot interf
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at in a cdma2000 system (which supports pilots on
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PR e e s Ko b dhEiosEh oS AR RHfe deviees

(PEDY] diBdrelect@dnicalitdf dreny @bmbaAu6d thefeobf mul ti -t er mi nal
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[00160] of edéh RnERfOYVATEIAIMBlEMAREEP. Wi SlemenisoRsedaER pilot mterference
etsﬁﬁx i@l‘?‘mei gaJcEﬁ"ﬂ nélatﬁatéld!alﬁ%dla Wb lb@‘iﬁxﬂ}e?ﬁ@lteﬂ with modules
achieve a desirabl e decodi ng perfornance. us, pilot
(12t erbeeders duaetivne) draltsoam) (Hat Grfomcthe dsmsionh desceibed Baein. The
i nk capacity, which allows higher data rates _fram
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witlyn, the pEe@ssirabi oextemel itoe ther gaocepwn.158] whiphh case it can be
t echni.ques, descyi.bed herein for estinmating . .
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[00161] W I el Bi%sS JanEiidi eRHI @ Hysiéas® tiatpilot afnséidretepicktibation and
alon?_mnth data. For exanple, these technjiques may be
epmeellation desaribed heebmmayybet inperpeeateyl in 4 meeiyst ugibinAtsgodulator

R 15BN FORRE P R

Aysd @i, dnd. ©. on) ANBhse st e, AR 8pmeastheratonenunitatenedeyices or units.

communj cation systens. The techni quesdescri bed herein
sy 19561 VEE BB destadvliver Y BealRe eRpch VIthnPRE PE RAiE dntegrated
LR fi@ses where

[00162] The previous description of the disclosed embodiments is provided to enable any
person skilled in the art to make or use the present invention. Various modifications to
these embodiments will be readily apparent to those skilled in the art, and the generic
principles defined herein may be applied to other embodiments without departing from

the spirit or scope of the invention. Thus, the present invention is not intended to be



mul tiple instances (nultipaths) of each of one or nore

transmtted signals are received and processed (e.qg.,
WOyom/eke recei ver or some other denodul at or) pamasaleso23307

in cases where multiple transmtted signals are

recei ved and processed. [00148] For clarity, various

aspects and enbodi nents have been descri bed for the
11‘hﬁ%é%lr§)etﬂe' Qfﬁbbdﬁn*egﬁa%% hdldfm Bhd o td Meeddcerdenc®e widest scope

cancel l ation techni ques described herein may al so be
cosssteritovitlt the prioeiptes dnd navel fieagures fieclbsaskhestint i on to the

term ng by the denodul ator is
[00163] ot or ﬁg5£€$1#h§&géﬁgrcular CDMA st andard bei ng

supported and whether the inventive techni ques are
used for the forward or reverse link. For exanple, the
"despreadi ng" with a spreadi ng sequence in |IS-95 and
cdma2000 is equivalent to the "descranbling” with a
scranbl i ng sequence in WCDMA, and the channelization
with a Wal sh code or a quasi-orthogonal function (QOF)
in 1S-95 and cdna2000 is equivalent to the
"despreadi ng" with an OVSF code in WCDVA. In general

t he processing perfornmed by the denodul ator at the
receiver is conplenentary to that perforned by the
nmodul ator at the transmtter unit. [00157] For the
forward |ink, the techniques described herein may al so
be used to approxi mately cancel other pilots that may
be transmtted in addition to, or possibly in place
of, a "common" pilot-transmtted to all termnals in a
cell. For exanple, cdma2000 supports a "transmt
diversity" pilot and an "auxiliary" pilot. These other
pilots may utilize different Wal sh codes (i.e.,

di fferent channelization codes, which may be
quasi -ort hogonal functions). A different data pattern
may al so be used for the pilot. To process any of
these pilots, the despread sanples are decovered wth
the sane Wal sh code used to channelize the pilot at
the base station, and further correlated (i.e

mul tiplied and accunmul ated) with the same pilot data
pattern used at the base station for the pilot. The
transmt diversity pilot and/or auxiliary pilot may be
estimated and canceled in addition to the conmon
pilot. [00158] Simlarly, WCDVA supports a nunber of
different pilot channels. First, a conmon pil ot

channel (CPICH) nay be transmitted on a prinmary base
station antenna. Second, a diversity CPICH may be
gener ated based on non-zero pilot data and transmtted
on a diversity antenna of the base station. Third, one
or nore secondary CPICHs nay be transmitted in a
restricted part of the cell, and each secondary CPICH
IS




generated using a non-zero channelization code.
Fourth, the base station may further transmt a
wdedicpatoasl pil ot to a specific user using the Bam@s2005/023307

channel i zati on code as theuser's data channel. In this
case, the pilot synbols are t#ilne-nultiplexed with the
data synbols to that user. Accordingly, it wll be

understood by those skilledyizfnidie art that the
techni ques descri bed her elmppl icable for
processing all of the above different types of pil ot
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f{rg%ﬁ%kcoﬁﬂ%lﬁﬁm&h@ésoéacﬁ RfbnaFinSianck) contis@id\@ita and a pilot signal,

processing units that may be used to inplenment various
th@m@wsrmwcénm@mments may be inplenented in
hardvvarec soft\/\ﬁ i flrm/vare or a conbi nation

t her gFO°FaY R %‘%gv\ére desi gn, the denodul at or

(lnCluddaﬁmmheadﬁﬂ&h&ﬁﬁmduhﬁmmﬁﬂﬂuﬂﬁﬁtagdﬂhﬂﬂmakenents
used for pilot interference estimation_and
cancel | B39 &% f&eehaggek srimatq id aspieadPaPt sighelt ‘f’?éo%ﬁ‘tf:%tw ith the

' “hf‘%fs’gﬁm ﬁa&%ttb Rl o (L) i1} Bthe BEQS §1 RGiaHEd: s
may Dbe

errene in oe or nmore application
speci fi detenmag taatcaﬂldcuhamwil eginjadSfaE)he sticgnd signaliigptaice; and

processors _(DSPs)., signal pro in

e oL syl A0 a8 S5 B 8820 with e
Pr QLBnd ergﬁal 1Hlt§1'id?:96 QBRSO hSecdndPiloPbt BE Second signal instance; and
m crocontrol l ers, programmabl e I'ogi c devi ces

ot hera buffet ponfignreshite gccmulaﬂyth@ ®Ftinaedi Bist @R S@@%ﬂd pilots, the
00160], For a oft nt t
ooy Bt S o ey bR T e thred, A5 kBT and. sccond

ARRCRbahd %61&5&1 sidailao dgirpalel b pilbosandelyd bevel v sipman tiecbrocessor
w t h nodul es % gr ocedures, functions, and s

heing cqyélrgﬂmdrtptqs@ mlasAilpEsancelsdaeoraves] %gnamedemoaulate data
Oﬁgflé pag glgggqg&%y be stored in a menory unit (e.g.,

2) and executed by a processor
e.g., controller 260). The nenory unit my be

|an emented withjin the&r?ces or _or extern
processor , Then1GgRIVER UBRSE G14me hn WHETCHL HFLFITE ?91@1“ “comprises a

QEESSCDMA ious neans as it known
gd%@ééfwgglf Tﬁe g)l[/efrsé ts used to inplenent the
pllot i nterference estlnatlon and cancel | ati on

descrj bed herein na cor r at ed a_recejver

unit or a ﬁmﬁﬁvﬁf ﬁpﬁ) 901?%?% ﬁ%‘?fn%lée4 5O ARe g dirst and

deBorfl §1§1‘Iaﬂ‘1ﬁb@&ncé§fr@m firdt dﬁﬁ%g&ﬁlﬂ,relﬂoﬁ&%ﬁlﬁbﬁ fefpektively.
stand al one unit, and so on), a base station, or sone

ot her conmmuni cat| on devices or units. The receiver

unit or deppdul at or

nore Tnteg & LEGeIVeT Wit %/f c?ﬁﬁw&fﬁﬂhh%%r\rﬂe@aosgg&&ﬁgnal instances
ﬁ@@ﬁﬂug&m e8mPéndnticofdi S@labfeth @rhedomaeinsinals provi ded

to enabl e any

5. The receiver unit of claim 1, wherein the buffer is further configured to
accumulate (a) the estimated first pilot according to a first estimated time offset of the
first signal instance and (b) and the estimated second pilot according to a second

estimated time offset of the second signal instance.



person skilled in the art to nmake or use the present
i nvention. Various nodifications to these enbodi nents
woizbde/do®4s eadi | y apparent to those skilled in Po®/UaRi05/023307
and the generic principles defined herein may be
appl i ed to other enbodi ments4%ithout departing from
the spirit or scope of the invention. Thus, the
present inye nltebémeﬂ $nftObf 'c‘l‘ilﬁlnqecfuitﬂerb@bmﬁhﬁlﬁg 4 Gatrlple buffer
enbodi nents shown herein but is to be accorded the
cmmmecd wotpe toowseksesignaliat h suhpleppte iyl te & raWEplsRfe chip rate
E %s di sc] osed herein. WHAT IS CLAI MED | S: CLAI M5
CAEEEM B unit configured to receive a wirel ess
signal conprising at |least first and second signa
I nstances, each signal instance conprising data and
pi | ofl- si gk, reedieerr wibiof elaipnbs WheHEHY the srgmplg rate of the sample

e

channel estinate and a spread pil ot signal associated
wth the first signal tance to .esti.mte

first .
pi | o8- of tlke Teqei et “@itgq"f aim, o wdherein eqeh W?ﬁcﬁé‘ﬁ(ﬁ signab fgymprises
31?1%"95} al%gfehﬁgyﬁ Q&dot RRIGRGORE (SN PRALedddst ance; and

se t con annel estimate and a spread pil ot
signal associated with the second signal instance to

estinate second t .of the second I a X

ond bt (UF EORrPL P PrOe du e PSS iface, the

sh fera§ 11@ﬂ§ié§c§ GO dadd Rith thd st BizRgasgicebend1the first estimated pilot
configured to subtract the accunul ated, estimted

chimesrond el segraand op fhegeesi Yadgwgnahdhg segpiepkeprapriiiag date samples for
stimte ed received signal, the

%}%%8%1}9 roaftg?ﬁeﬁelggﬁ :ég%ﬂlr ed to use the estimated

pi |l ot -cancel ed recei ved signal to denodul ate data of

the first signal instance. 2. The receiver unjt E‘H

clai 01, \iertessivartitphclais b whegeinthe Biogrisekts rtessronfigured

ng|S|on Mul ti ple Access (CDMA) signal. 3. The

Feceiver unit of claim1, being configured to receive

t he fdetgimnudfisencibelesingadf uhaﬁmmgeal ihstamaef i r st and

second renote t al s, resp ct ve 4. The receiver ,

i ¢ Ve Fgarpalfatgdreibh o e b abe 5y Bnsh g GRS g e firs

ﬂd“&te'%‘ﬁﬁﬁt% are mul tipath conponents of a signal from

one rempté termnal. 5. The receiver unit of claiml1,

wher enultiphe theu fifser ciasnéluestimaate @Unﬂlﬁg@ﬁﬂé@llqtl@naﬁa@mﬂ%?@duce a
). the est i rst pilot according to a first

‘&?gbtﬁﬁflé%m{a %@“@?ef 289 of the first signal instance and

(b) 8&;@ thdWeighlel BRhGE] SanRAE apd thetspaad pildi signdl assciated with the

second
first signal instance to estimate the first pilot of the first signal instance.

11. The receiver unit of claim 10, wherein the cancellation factor o is derived
from:

_ [P /N)xN]
[1+ (h /N)x N]

where h is the first channel estimate, N; is the first noise estimate, and N is a

number of samples used to estimate h and N; of the first signal instance.



estimated tinme offset of the second signal instance.6.

The receiver unit of claim1, further conprising a
weoeanploe4dasf f er configured to store the wirel esBCTiUgnmE/023307
at a sanple rate equal to a multiple of a chip rate of

the wirel ess signal. 7. The #éceiver unit of claimé,
wherein the sanple rate of the sanple buffer is equal

to a Siénpl"ﬁler fﬁ:&v&f uhill©f Rt 0 2GR &e %c&l'l‘ﬁlon factor ranges
estimated pilots. 8. The receiver unit of claiml1,
fedmeOeoA.0each spr ead pi l ot signal conprises a pil ot

signal spread by a pseudo-random noi se (PN) seguence.

9. The receiver unit of claiml1, wherein the first

channgh, estHenRkEivet Bfit B @@ch RO FheRiiR cavslaioat dior ranges
with the first signal instance, and the first

fearn Ortaredlugigresterdaar b8pond to a segment of the

recei ved signal, the segnent conprising data sanpl es

for atinme period of the received signal. 10. The

receivar Urtiet reoived anitof clanhelteifartiiddeoprpeisizgsoiodksup table with
further configured to; determne a first n0|s )

sststaf phannebestiphptesrand gioissiegitantes FITSSRARAING kY Gapge Slation factors.
cancel | ation factor a based on the first channel

estimate and the first noise estimate; nultiply the

fir st1xhariite reesivémmatiteofigfaitthk, whareislthapiasessbaist forthemconfigured
t&{eoduce a wei ghted channel estimte; and use the

i ghted channel estimate and the spread pil ot signal

asso%ﬁﬁt? i Wetfitst Bemhbl &ftinfitdBRla doRSbRAGE of & @ﬁﬁshﬂﬁﬁ@lse and a
the first pilot of the first signal instance. 11. T

reesied filier fupgtionpgnd:| ai m 10, wherein the cancel | ati on

fact oreffal 2 d% \f‘((l]‘flgc fné?@(aﬂathe s&aﬁeladrbl %l%l )ass)éf:1|§lled[ J)Vlth the first

sﬁgﬁaﬂ [ﬁi;taﬁce Md (tﬁ atpaeduct btheibtsamsdl Iemihﬁe aad thel\tdnso]atlon of the
nunmber of sanﬁl es used to estimate h and Nt th
tFaneEet ilgraad thezcaive diltep funphien i@ edimase therfimst P}iotaf Shepfirst signal

1%9[ adherein the cancel lation factor ranges from Qo
8 13. The receiver unit of claim 10, wherein the
cancel lation factor ranges fromO to a val ue gr eater

h 1 14. Th f 1
Eoﬁ.gr }@Pn 15: qe6gpe(er[}§ﬁt‘te ‘i’ﬁ;‘ﬁ@%ﬁ% Lwl?erelg t}?e tTans?mt pl&llse 18 c[eflned by a

Code Division Multiple Access (CDMA) standard.

17.  The receiver unit of claim 15, wherein the processor is configured to
downsample a rate of at least one of (a) the convolution of the transmit pulse and the
receive filter function, and (b) the convolution of (i) the spread pilot signal associated
with the first signal instance and (ii) the product of the first channel estimate and the
convolution of the transmit pulse and the receive filter function to match a rate of the

buffer.

18.  The receiver unit of claim 15, wherein the processor is configured to
upsample a rate of at least one of (a) the convolution of the pre-determined transmit
pulse and the receive filter function, and (b) the convolution of (i) the spread pilot signal

associated with the first signal instance and (ii) the product of the first channel estimate



sets of channel estimates and noise estimates
corresponding to cancellation factors. 15. The
woeawicoesunit of claim 1, wherein the processeCcTiU$2005/023307
further configured to: multiply the first channe
estimate by a convol ution of 44 transnit pulse and a
receive filter function; and performa convol uti on of
2h@khd BShvoRIRAGS Rid 1% &t&ﬁﬁka&&ﬁl@ﬁw&& Mdtihe treivkifll&k function
signal 1 nstance and (b) a product of the first channe
te siatehet mteaoidhe hefferonvol uti on of the transnit pul se and
the receive filter function to estimte the first
pilot of the first signal instance. 16. The receiver
unit j@f claidteddiverWRR0ECRIh NS, Whesminthe ﬂid:leé%@r isSconflgured to:
defined by a Code Division NUItlpIe Access
st andleciinatg pampilge of dceserwieluiontofghe @r%[riﬁﬁlmne@xﬁépw pulse and

BB ERE Pl SOCHIT5 O RURSATB R LBl e o
dinige fifkesipeaehstanctj | ter function, and (b) the
convolution of (i) the sgr ead pil ot signal |[ﬂ?om ate

wi t h TPREDHY '?h§tflr§t| ﬁﬁavehq% maiecy dermgted rapRles 6'&%6?“8%““0“ of

tfl@ rol ddtStni G 5 ﬁée%ﬁ%@ﬁgeﬁ/@ Flltgloﬁl‘d&lldﬂ lhpp of the

tr nsmt pul's e receive ter function to

mat crpeaformtaeccnfvotuluen tmtﬁftlﬁ@spreaKBplldfrsegnab essovigteduwith thef first signal

claim15, wherein tfh rocenssor
Gud3 orife RSCE

if3fengATa! the, bip LSERER Pl b feciBaisg sgmples to

QfinRanp fits abEsthd A bibansAtinRul se and the receive
filter function, and (b) the convolution of (i) the

spread pilot si gnal assoc:| ated with the first signal

| nstapge ﬁ'ghet ﬁece prfo QuGh & AR &E]ﬁe]{)ris(fl%%ngﬁglyphase finite

esti i onof "t he pre-

1h{p@[b‘é'i‘b§ ofsd ﬁl&raﬂm)tcbﬁflgme@tcve fil ter function to
match a rate of the buffer. 19. The receiver unlt of
cl ai rdeenatatsamplen of ee pewobiiosy of the gserdpigipgd fmsmit pulse and

tﬂg ‘I‘écgﬁ{ 1§e§q911éf?§)n %fccérﬁlﬁlggg:a b %@?ﬂgedtwhﬁl an esft ated time offset

ermned transm e an e receive
@hﬁ@ﬁhﬁ@gﬁﬂaﬁﬂﬁkﬁg to a phase associated with an
estimated tine offset of the first sjqgnal knsta

rrul t i PRippiy, therfirsls¢happel fsimatespy fetimalsy samg GSefdfic convolution of
g@sﬁéeﬂﬁmfch@ar&ﬁgf’ﬁég dn‘&%@fecﬁ:ﬂ@ fideLretist; Faed

mt pulse a e receive filter function; and
per f oparfeamca naobolittionrofdhe spread prl@faédgrpil Ia@qocglitezgln‘alth the first signal
instanc

t th
(7GR £ ey Meer g e SrPE poHPRE ARG i Beliited samples to
L8608 gir S PIBE §5thé Brst signal instance.

21. The receiver unit of claim 15, further comprising a filter table of pre-
determined filter coefficients that correspond to a plurality of different phases, the
processor being configured to select a phase and corresponding filter coefficients based

on an estimated time offset of the first signal instance.

22.  The receiver unit of claim 1, wherein the processor is further configured
to filter the estimated pilot-canceled received signal by a convolution of a pre-

determined transmit pulse and a receive filter function.



estimate the first pilot of the first signal instance.
20. The receiver unit of claim15, further conprising
wea pwlopplasase finite i npul se response filter (FPRY/US2005/023307
configured to: deci mate sanples of the convolution of
the pre-deternmined transnit f#% se and the receive
filter function according to a phase associated with

an espi maigd [fob&BeOfihi OF C?Iimt e whifepd t18d GRstbssoRSd dBkRgured to

multiply the first channel estimate by deci mated

dsmnpineshofirtt kbawshestimate end ose thedipr ehadaeleashingtedand spread pilot

sirr B sRRaR SR es SRS s subThe P By PR st signa
iR85RE | sabentMityNint Paraflélr ith Sde@alining Ihaneeondnchdnhél estimate and
product of the first channel estinmate an

d the )
ugwe theseepndahenes estmetst andatpscadnpilqtisignal gegostategr with ghe second
first si | . i . I claim
LS AAP Al RS o g TR S e
determined filter coefficients that correspond to a
plurality of different phases, the processor bei.n .
conf i §tr edheoreseiVel pmig OEPFA%@ an Wq@ﬁ? éﬁ%@ﬁ%ﬁeﬁﬁ’rle %p@ﬁlgured to

€ f?l%gtfeip(i"liof‘s%ra :Bﬁﬁﬁﬁx QP sigfal §RdAnTRE £k B ®iAdiba luli@ilededdenanner.
I'Tst “signa nst ance. 22. The receiver unit of claim
1, wherein the processor is further configured to

fil t:e?\r; theAesti nmat e 1£i | ot -cancel.ed recei ved signal by
a corfPol ut’ EAMGHEAPPRSFERFFTREF & r ansnit pul se and a

r eceiMgisé kiati6f codrflpbd 0 récdivelhwirt RSNyl comiptisiaf aCleadt first and
1, wherein the processor is configured to determ

Ul ne
seeandsignal instaaee PachsiignahinstagericqiBRTsiHRdata prd 2 pHefrvignal, the base
timate .and. spread pilot signal associated with the
Sﬁ}%rogtcogllpﬁlﬁlgg' instance to estimate the first pilot of

t he fdéﬁr&&es@ér@ﬁ)ﬁfigﬁﬂaamnce substantially in parall el

with determ ni n%, t he second channel _esti| mﬁé_e and usi ng
the sec@plgBiRgAnBst channehastanats fordhs Bk signpldpstaignal

associ a ¥ ' lspidagt ich®l 8864518 Sith th
t he secgﬁéath\g: jl{l%% E%ﬁmtéﬁisgg%}:%%lgpgisgfnegla @%gt@lagﬁce. 241f. ' ©
Théirst eipaaMiastance to estimate aifivstipilotbEtheifirsttshgnapinsi@ees or i s

configured to estimat ilots fo lurality .of .

S onat - FrisTaiReasereraheii i Fos it Ry e ghstance; and
MBNNer . ZSihe A SRAATERAITR bEiRRatS ¥Rd 8 RpRadPIlbSdipkhl agobia®@ with the
station configured to receive a wrel ess signal

corpong isiggalansthecesd estimate asaepndadlondl de gerondisigebingtarce; and
each signal instance. conprising da n ' .

o1 anell ey SAEREUEE Arn P Sy BaGlldiecond pilors, te
Lﬁﬁ&fsisé}ubéiﬂg t@nfigured to subtract the accumulated, estimated first and second
pilots from the received signal to estimate a pilot-canceled received signal, the processor
being configured to use the estimated pilot-canceled received signal to demodulate data

of the first signal instance.

26.  The communication system of claim 25, wherein the processor is further
configured to:

multiply the first channel estimate by a convolution of a pre-determined transmit
pulse and a receive filter function; and

perform a convolution of (a) a spread pilot signal associated with the first signal

instance and (b) a product of the first channel estimate and the convolution of the pre-



determne a first channel estimate for the first
signal instance; use the first channel estimate and a
wepneadsges| ot signal associated with the firstPergsalos23307
instance to estimate a first pllot of the first signa
i nstance; deternine a second4hannel estimte for the
second signal instance; and use the second channe
&%ﬁﬁ?ﬁﬂ%aﬂ%t%uﬁ%&%ﬁ%@f&&% $il (R CcAGE Cdsa iR i Fstipiiet of the
second signal “instance to estinate a second pilot o
fithiesigt bsdned-gnal i nstance; and a menory configured to
accunul ate the estimated first and second pilots, the
processor being configured to subtract the

accumyl, at erhe esiinficdoh i dystenand Se@or2b, pivheks filiobase station
the received signal to estinmate a EI|Ot cancel ed

qompsisciedl PREiTAIO] apteanys Bidesplgraligep Bufé%?ﬁﬁlil ther mameyy, gag buffer
e B R LB Y6 Sh Al g e b e

afahanameraat. on system of cl ai m 25, mhereln t he

processor is further configured to: multiply the first
channel estimate by a convolution of a pre-determ ned
transyg t ppes %ofi‘ﬂ%n@caﬁ%ﬁ edpé@n] 1dft Shinh WG Wﬁ@renﬁ@ﬁ’e base station
performa convolution of (fa) a spread pilot signa
@msesaqdumltm of ketefinass thes mgm@ry ihagingrec emgl@dbl(f&)r gpnfigured to

rod the first ch est i

B0l s eomasd BpSdl Bemm By fBL fediod,bF doe gyt of the
drhsnbecei ve filter functlon to estimate the first

pilot of the first signal instance. 27. The
conmmuni cati on system of claim 25, wherein the base

stati v 'c% Fa?mﬁicpalnldﬁ a%?)s[éln Q;f a‘aﬁﬁ nf'fﬁswﬁﬁxgnf"t e .base station
pl ural™ y “Surters nenory ei ng
ERMrise | D(edumbera@‘it umram@tsamtihié Iﬁmtberrmfehﬂlfﬁard ot Eheonhemory, X being

Sl gnal i nstances received one e ant en

gRECL AN R AL k?_\?%tt%kb‘f CE IS4 lgsregm SFRITRlgie eesfyggtgd pilots
(EI{ HaPRhsGRIR: F&?ﬁed‘%w (ﬁ'lr%}érx a% At ennas, the menory

ng a sing fter con |gure to accunul ate the
estimated pilots of signal instances received by the

plurality of the anIennas 29. The comruni cati on
syst eifl of LIEFINSENLGRIPESIACT he base station conpri ses

X nu”zp%{eaﬁi fentRB ﬁr\glréfeﬁuw @npidffeesSieast £iRe and second

menory, X being g eater than wherein at | east one
Hgid grstansess each mnaémstamcg@mmﬁnm dateend apileidigialiot s of

sign aalt mle'crllﬁc’st%r 8§[§mru%cnegl a te TSt ct%nnf\ﬁ%stlm m% 16 thgrf‘ r&%ﬂg%gl instance;

a means for deriving a product of the first channel estimate and a convolution of
a pre-determined transmit pulse and a receive filter function;

a means for using the product of the first channel estimate and the convolution to
estimate a first pilot of the first signal instance;

a means for determining a second channel estimate for the second signal
instance;

a means for deriving a product of the second channel estimate and the
convolution of the pre-determined transmit pulse and the receive filter function;

a means for using the product of the second channel estimate and the
convolution to estimate a second pilot of the second signal instance;

a means for accumulating the estimated first and second pilots; and



30. A receiver unit conprising: a neans for receiving

a wreless signal conprising at |least first and second
Wegsa4948st ances, each signal instance conpri BCIESH@EAa23307

and a pilot signal; a means for determning a first

channel estimate for the fird4¥ signal instance; a

nmeans for deriving a product of the first channel

esti nahe, Angr le%%@tYr% k1 QPR éd{’é&fn@a@é@ﬁfﬁ 888l second pilots from
transmt pul se and recelve £ er tunction; a neans
theoreceisedgighdl ¢o perdaumt estimateldepiloi-caicelbdaersiiedestgniatat e

and the convolution to estimate a first pilot of the

first signal instance; a nmeans for determning a

second . chatarthRTbpRkRgf or the second signal

I nstance; a nmeans for deriving a product of the second
chanmeteiwng i verdesarsignaheoropiisieg ait l%@m figt andesecond signal instances,
efer e-.detersrtri r&ed trgnlsrridgta%uld%e.lapgl the receive filter

thhaigna qostapcg campripige deaiand apiet Meldliict of the second
channglter@sdihg @ tigst eRshnehéstieainy/ for thd @Rt §igna sdstaneee a

second pilot of the second signal instance; a neans

for aleEving aProdyct RE tees firvreabamngl; gsiimatgn and @ cgmyolution of a pre-
' ; : t [ he accunul at ed,

de%gé [ W%Pé%ﬂ%?}tgtﬁgg%g&gg%%% fg?e?glthﬂs&f)}rl’om the received

si gnalsirigathel praduet afithe $irstrohtuect] pstirote aad ted @ohvokatien e dstimate a

signal. 31. A [TEt{‘IOd conprising : receiving a wireless

fgﬁtglﬂﬁﬁtoggﬁﬁﬁtﬁﬂ wstapeist first and second signal

| NSt 4PRELHIniRAG Becdhd RRAnneN SRS ot WEN et St dotia A6, a

pilot signal; determning a first channel estimte for

t he fderizingsi gradiict phteancmd aheniel esigmate prdtheconwyplutigreof the pre-
i rst annel esti e and a.gonvolution of a pre

plsrBine e AL ea o een B HE e 1 ¢ or

f unctysaty thel prodaictt dfah@ERaHE thaiel dinfad &id wbasm@llution to estimate

estimate and the convolution to estimate a first pilot

apfecembpilatof thesseemal signab ingHe@ee; det ermi ning a second

channgl I f , igaal.. Lhst ance;

deri v%cﬁ‘él%gfa{ﬁ?%%&? 8%1? &? Egagégg%fig%gﬁﬁé Imésti mat e and

t he cbuadtitgithd acfuniulaed)restishated rfirbtned secamspildis frohnstie received

and the receive filter function; using the product of

signal inedestyg ag gaRard pdet-sracecd FRECVRe Si88Rlvol ution to

estimate a second pilot of the second signal instance;

accurmul ating the estimated first and second pil ots;

and 32. The method of claim 31, wherein receiving the wireless signal comprises

receiving the first and second signal instances from first and second terminals.

33. The method of claim 31, wherein each signal instance has an estimated

time offset due to a transmission path of the signal instance.

34. The method of claim 31, wherein the wireless signal comprises a Code

Division Multiple Access (CDMA) signal.

35.  The method of claim 31, wherein the wireless signal is transmitted from

a terminal to a base station.



subtracting the accunul ated, estimated first and
second pilots fromthe received signal to derive an
webiermassdsl pi | ot - cancel ed recei ved signal. 32. PTNAIS2005/023307
met hod of claim 31, wherein receiving the wirel ess
signal conprises receiving th& first and second signa
i nstances fromfirst and second termnals. 33. The
met hag of ﬂg%&h&f-o Zélgﬁﬁ gg,nwﬁ%ﬂ HiE SRRdless RphaNg rad@sitted from
an estimated tinme offset due to a transm ssion path of
attase gtatiprato a tashimnlce. 34. The net hod of cl ai m 31,
wherein the wireless signal conprises a Code Division
Mul ti ple Access (CDMA) signal. 35. The nethod of claim
31, wher eiThet HRMVIT 6 @RSmSE ANAlthes dohiphisHigt beferidgOtheareceived
termnal to a base station.36. The method of claim 31,
witadeseisignphat agampleasts egugliale maltipleaf{erabin ®&-f r om a base
station to a termnal. 37. The nmethod of claim 31,
further conprising buffering the received wreless
Si gnas. at FEheS@asMbE of alatm Sqy &thefetn detbiuhibingl te dirstachaliep estimate
rate. 38. The nethod of claim 31, wherein determ ning
fonike firytsignahingiaaee @ptifete for the first signal
i nst ' X ' ;
oo oo SRR LR R8RS PR A pRadhy equence pesociated
with the tfitet signabinsmngmialprovide despeeaticamplesi de despr ead

sanpl es; de-channelizing the despread sanples with.a
oi | otdechaRRRIE e SeNEERS. SEMBRIERLVHR. it Lomipdich code to

Iﬁmdégiléﬁghﬁglggﬁd pil ot synbols to provide the first
channel estimte. 39. The nethod of claim31l, wherein

det erfiliemingdghe pidotfsiymbels éhpravide the firstghannebestingge. f j r st
signal instance uses a first segnent of data sanples
fromthe received signal, the first estimted pil ot

COr r esRONATHROmE® ol RE claith 31, sgrsm etefmihaigaths dliktl dhannel estimate
40. The nethod of claim 39, wherein the first segnent

foothe firgtesienahingtasempies s trgsegmentpd daiarspgplesfrany the Teceived signal,

ecel i j her
GG SRt lRy Bl O i
signal instance; deriving a cancellation factor based

on the first channel esti e _and the noi se estinate .
of t HO. ¢ | ('Ehe glpeély% of ﬁiqllgnngé, W%ﬁ@lqn}hq :}Bptf, ﬁg&ic’elnlh gomprises data
s%#nrg% Cfgpgﬂfh%lpeﬁﬁa bﬁ&%@e@veﬁ@?gn%ﬁncel lation factor to

41.  The method of claim 31, further comprising:

determining a noise estimate of the first signal instance;

deriving a cancellation factor based on the first channel estimate and the noise
estimate of the first signal instance; and

multiplying the first channel estimate by the cancellation factor to produce a
weighted channel estimate;

using the weighted channel estimate and a spread pilot signal associated with the

first signal instance to estimate the first pilot of the first signal instance.

42. The method of claim 41, wherein deriving the cancellation factor o uses:

_ _[(h[ /NtxN]
" [1+ (|h|? /Nt)x N]




wei ght ed channel estimate; using the weighted channel
estimate and a spread pilot signal associated with the
woiowtoosi4gnal i nstance to estimate the first prPCOWS2I05/023307
the first signal instance. 42. The nethod of claim4l,
wherein deriving the cancel |l 4%ion factor auses: _ [ (|
h 12 /N) xN [+ (] hI12 /N) x Nwhere his the
firstyhanieihe ??&t' B eMmdts NHE 1ROAGR Q8iliabRkh8d NeRG number
N is a nunber of sanples used to estimate h and Nt for
of kamplies Bsedsd gstahate hsind MNsdor e firstisegnakinbiodcenf cl ai m 31,
further conprising: decimting sanples of the
convol ution of the pre-determ ned transmt pul se and
the rgcei Vihelthéthed of Rt 3 DFudeE @bMiphging0 a phase
associated wth an estimated tine offset of the first
si gnalecimpsingsemplemef theptopvalgtion ef therpre-deteamingd transmit pulse and
stinate. i ed .. f > Iyt i £y 4
TR Y SRR IR B R b PR Rlash AR I ol time ot
dfithe st §ipmd timsbaticeand perform ng a convol ution of a
spread pilot signal and the product of the f

I | C . : | I's :
chanrBpltipingfedirghehanpd egdpnicatvetecimaise é%mPiS‘S é’% {hergqryolution
LISl R i Lanal i . afift. The
A R fer Bl 1 b3 I KRR AR o 2
phas epebfasmihgom camvodstidmaeit 2 dptepdrpilof figetl afd theeprbduct tof the first

i gnal [nstance; usin he sel ected phase.to .retriev .
Brdsietiubae 80 e (EuRRed dimpies B vm e e e il e sienat
ihéthdgr coefficients corresponding to the convol ution
of the pre-determned transmt pulse and the receive
filter function; and nmultiplying the first channel
estinpte the,retrieved filter coefficients. 45. The
net hod" of l?earflﬁlihg“i?%%l rgll’nfuﬂtfé?rncg"L“éfngfoduct of the
fir stseklaafid &lphastbabal ¢h @nddtitdagedanny offst o thetfirstesgriahikeance;
the first pilot of the first signal instance confpr,ise

per f drsmg]@lease},egpgddphgﬁq, ghrqgne\(eapretc}%crgmﬁg]uﬁ]tteroqoe{ H%ents,sthe pre-
Pe@%ﬂm?l%d £, &}yfﬁci@rﬁg c{)ggmﬁﬁﬁﬂﬁgltwtb@ Roftfuddd Pf"t}n%pﬁr@%terrrﬂned
pI 10 t he

Signhal "associ ate i rst signa
tramSindtisidse 240 theTteecinefiltedfuaétian); ahdn 45, wherein the

first channel estimte, .the spread pil ot signal .. .
assodPutiplying the firgfebppnel Fsus‘?ﬁg EV af%%f%@% ?litgh“c?efffféents'

first estimated pilot correspond to a first segnent of

the received signal, the first segnment conprisi n% dat a
sanpl4s f ofheamethod qferlaimd3 lofwhenein nsingi the gredughaf the first channel

estimate and the convolution to estimate the first pilot of the first signal instance

—

(=)

comprises performing a convolution of (a) the product of the channel estimate and the

convolution and (b) a spread pilot signal associated with the first signal instance.

46. The method of claim 45, wherein the first channel estimate, the spread
pilot signal associated with the first signal instance, and the first estimated pilot
correspond to a first segment of the received signal, the first segment comprising data

samples for a time period of the received signal.

47, The method of claim 45, wherein the spread pilot signal associated with
the first signal instance has a phase corresponding to an arrival time of the first signal

instance.



47. The nethod of claim45, wherein the spread pil ot

signal associated with the first signal instance has a
wohes®oeasr esponding to an arrival time of thePETMSR005/023307

signal instance.48. The method of claim31, further

conprising using the estimat&y pi | ot cancel ed received

signal to denodul ate data of the first signa

i nstance. 49. The nethod of claim 48, wherein using

the estimated pilot-canceled received signal to

dermé&l at a"hd abethaf of hbnrh|3rlstfu1$h6gmm9rﬁmga1m1@ the estimated pilot-

ri ses: .despreadin f
Ci‘)‘?q Tecehed)s ai %R@H?agﬁngﬂ f‘%letfﬁg} pr egﬁl ng
sequence for the first signal instance to provide

despread sanpl es; de-channelizing the despread sanple
wi t h49. dafThe ohethad | dfzeleino 4 8¢ sdera® UshEy theeestimated PﬂOt'Canceled

| s nd, de I t he
e e TR b Pt P SR A PUERE el 0
t o puespréirline sndpleatddihdadstinfaesd phiet-dancaled segiredd signal with a
i nstance. 50. The method of claim 31, ere

sprepdingseaugaCe: e the first signmh Mstance & PraKids %Pé?%(ﬂ%aﬁﬁ’leﬁhe
prod Lﬂi? Qﬁneilgﬁ‘iﬁ éhé ﬁés fé}ﬁ @5.'1’1318le§ HithBdfa @t%n&l'i‘z%tlon code to provide

convo |on the product to estinmate the
dhtarsybplst atd of the f| rst signal instance occurs

b | |
RE AVGI YA s M i e e g L
HEIARB &%Ide@h%dam@edtc&@a o0 Mealrst dignd imegicesi ng t he

product to estimate the second pilot of the second
signal inst ance 51. The nmethod of claim 31, wherein

e e 4, SRR R s

t he odu

degiRing! tHe |p@c5blucﬁ6ﬂ thisfing chitepeqiinat ahd ths comelieidniend using the
first pilot of the first signal |nstance oCCurs i

produst @ whEnan thefirppidsteef MarHer signalhing@nes RFFHH a&f%ﬁaémaﬂy in
S r

REIRN G ARRGHin G, [EChEond Shinklel @siuificliaRARE B ot of the
sebandpeindbet estimats hidraties comehgmapadd pisingt thefprodiet se cstinate the
signal_instance. 52. The nethod of claim 31, wherein
Sﬁ@@@ﬁﬁoéPfﬁﬁS?ﬁ@dé§¥?h%E%EF?lrst and second pilots
conprises accunulating (a) the estimated first pil ot
according to a first estinmated tinme offset of the

first5lsi gritle megtodnete claim ?(lb)wlmli@intﬁhied dsterminieg) thee Eisti cchannel

pi.l ot ccordl to,a s n S ti e of
gsHmaten 8‘?1‘6‘“&"5% Qroqulqugﬁlbe Hgg ch ﬁgt{rﬁata tB? b (glitlon and
R Bk Bréthet tdsain4Ad tHeN@rsepilde lmttl@ed fifsk rs%ﬁlalamdtaﬁﬁ.c@dwrs in a time
pil'ots occurs at a pre-determ ned sanple rate,

ch
divisioquaultiplexed manpsir avithadetergtining éher S@é@i%ﬂlﬂ@@@ﬁﬁmm@ deriving the

product of the second channel estimate and the convolution, and using the product to

estimate the second pilot of the second signal instance.

52. The method of claim 31, wherein accumulating the estimated first and
second pilots comprises accumulating (a) the estimated first pilot according to a first
estimated time offset of the first signal instance and (b) and the estimated second pilot

according to a second estimated time offset of the second signal instance.



54. The nethod of claimb53, wherein the sanple rate is
a nultiple of a chip rate. 55. A nethod conprising :
woeowsi0od9dg a W rel ess signal conprising at | eaBCTMISL®E/023307
and second signal instances, each signal instance
conprising data and a pilot 8ignal; deternmining a
first channel estimate for the flrst si gnal i nstance;
usi ngst Ne i dth6d' 8P BRI EHL IviREEn e §fbIhfiRE thefestinfafdd first and
pil ot of the first signal instance; determning a
se@odpiotshaams lat e prd-deteenihot sarhgle sateonbich iigeaal to a sample rate of
I nstanc i ng the second channel estimate to
]§§FFW§W£ gn@econd pil ot of the second signal instance;
accurul ating the estimated first and second pilots;
filtering the accumul ated estinated, first and secon
pi | 0t54. wi Theanctbed of eleiny A3 owherejy e gamplerpisad atm%lﬁgh qf a chip
&ulse and a receive filter function; and subtracting
fie filtered, accumul ated, estimted first and second
pilots fromthe received signal to derive an estinmated
pllot cancel ed received signal. 56. A nethod
conpri S|ngkﬁWﬁE@#WPﬁﬁm%QMAreless signal conprising at
l eaStreéeNlﬁ% 2NELIGS %f%l% §(5rgﬁkg§mé 5180 GRS an@EEordl GAR instances,
nst ance conprising data and a’ pi ot signal ; process
e(aeﬁ signal Gimstaice tomprisihg datpraaddqnlet signadd transnmit pul se
and a  receive fllt&% nctlon ad pil ot

si gndletesadiRs afiLtic ?$¥P¥??%Eh%éﬁﬁﬁﬁn$ LA to

generahfs HRCARSIdhEtded bsBhlaR t6FMhae #ffirkpilétl 66the first signal
signal i'nstance; determning a first channel estinate

lﬁsianqehe first signal instance; multiply the

ggf Ionrféi ! uc%ﬁgg Ic%)g(ti gﬁ?nrH%L%%m {oril%he{ éec&ﬁd ﬁgxqu?ﬁsltanf:e,r st

si gnalsirighé sétend @hﬁﬁl@ﬁéﬂtlﬁi@tﬁ( ) estin2ey dcohd pitotaff thdeecond signal
pre-deterniined transmt pulse and a receive filter
ingfaeaei on and (b) a spread pllot signal associated with

the SEEaNMeahonRlesiIRLATGS i SEARTARE, r econst ruct ed

pi | ot sanp €s € secon I nsf ance;
dete Tﬂilteﬁﬂn@gh@a@:&ﬁmhadecbdimmwéd Eisdtiand secohd |p1lbt$evi§em omrvolution of
si gnal |nstance multiply the r Estruct pi | ot

co

aspifpsletssmiedingsai pulsg ag‘fl ﬁﬁ%ﬂewe fe2 Aetigl: e second

C han ns%'btr@%ﬁfg %lltE).%dd SRl Re® REQAMELR i ardiSdebSRE Sl from the
second i gna

t he I nstance;
received signal to derive an estimated pllot-canceled received signal.

56. A method comprising:

receiving a wireless signal comprising at least first and second signal instances,
each signal instance comprising data and a pilot signal;

process (a) a convolution of a pre-determined transmit pulse and a receive filter
function and (b) a spread pilot signal associated with the first signal instance to generate
reconstructed pilot samples of the first signal instance;

determining a first channel estimate for the first signal instance;

multiply the reconstructed pilot samples by the first channel estimate to derive a

first pilot estimate of the first signal instance;



accumul ating the first and second pilot estimates; and
subtracting the accunulated, first and second pil ot

webiermetds fromthe received signal to derive BAT/US2005/023307
estimated pil ot-cancel ed recesizved si gnal .

processing (a) a convolution of the pre-determined transmit pulse and a receive
filter function and (b) a spread pilot signal associated with the second signal instance to
generate reconstructed pilot samples of the second signal instance;

determining a second channel estimate for the second signal instance;

multiply the reconstructed pilot samples of the second signal instance by the
second channel estimate to derive a second pilot estimate of the second signal instance;

accumulating the first and second pilot estimates; and

subtracting the accumulated, first and second pilot estimates from the received

signal to derive an estimated pilot-canceled received signal.



