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BACKGROUND Field [1001] The present invention relates generally to data
comuni cation, and nore specifically to techniques for polling for |ast
finger on a n ,n a digital comrunication system Background [1002]
In a mﬁreleggygﬁﬁggﬁ#cation system a nodul ated signal tFPaHYMYYEPr om a
transmtter (e.g., a termnal) may reach a receiver (e.g., a base station)
via a nunber of signal paths due to artifacts in the propagation
environment (e.g., building, natural structures, and so on). A received
signal at the receiyVv | nunber  of t] h, cogponents,
each of which coi&i@rﬂmﬁﬁiﬁtﬁéEﬂgmmmmrem
signal path. Since the receiver nmay also receive signals frommultiple
transmtters, the received signal may thus include a nunber of nultipath
conponents for a nunber of transmMBAEGKGROOND For a digital communication
system a rake receiver is often used to process a nunber of nultipath
conponent s i nFiekk received signal for a given "channel". A channel may

refer to, for npl nsnission. fhem a,specific.termnal. The
rake recei verllﬁgir?]mal ﬁ{/‘e' F\ec%gxe‘géngﬁ%%g?é?’r%%ﬂ atlpcq'f% ‘g ﬂ"}?f‘téonaﬁﬂgénoﬁﬁ nber
of denodul at specifiedlbnenttschnifues foarpallipgt R ksl Ghgddod G ahanmeldn cheligial and
"forgers", respectively. Each searcher may be operated to process the

recei ved Si gn%ﬂ“%‘&“%@&?é??t%r strong nultipath components. Each finger may
then be assigned to process a different nultipath conponent of sufficient
strength. By assigning a nunber of fingers to process a nunber of multipath
conponent s f oPagkgso nnel and conbi ni ng denodul ated synbols from all

assi gned finggak no . ShE ' r ' '

col |l ected for toﬁzel chgﬁ?\g{mgegsg | rrp?%gaéfgﬂSgﬁﬁ’raﬁn@ﬁ%ﬁg&g%éiggéa%a@%gggfoﬁ ?LOO4]
Each nul ti pat trarsonfxoife gt a tsmasd)onanteech avecéiver (par, kitasd statiqn) pagaimlen oflel ay
and a particul.ar  ti f arri.val at.the receiver, bot f i,.gh are

det er m ned by g palfs |t°pﬂdJE"f\%’F’45é8c‘ﬁeé’6‘tﬁa op, %EP“#‘%DQt(%e%nw@’é i BBH i th a
respective ti gfnchirdsSeid @) 15 reciob®Eiphal @CthD Yedefver MaY tal indlhdea AfmBdhef

mul ti path conponent assigned to the finger. Each WD 2004/ 112272, i
PCT/ US2004/ 01rylipath components, each of which corresponds to a signal instance received via a

different signal path. Since the receiver may also receive signals from multiple
transmitters, the received signal may thus include a number of multipath components
for a munber of transmitters.

[1003]  For a digital communication system, a rake receiver is often used to process
a number of multipath components in the received signal for a given “channel”. A
channel may refer to, for example, a data transmission from a specific terminal. The
rake receiver normally includes one or more searcher elements and a number of
demodulation elements, which are often referred to as “searchers” and “fingers”,
respectively. Each searcher may be operated to process the received signal to scarch for
strong multipath components. Each finger may then be assigned to process a different
multipath component of sufficient sirength. By assigning a number of fingers to process
a number of multipath components for the channel and combining demodulated
symbols from all assigned fingers, more of the energy in the received signal may be
collected for the channel and improved performance may be achieved.

[1004]  Each multipath component is associated with a particular propagation delay
and a particular time of arrival at the receiver, both of which are determined by the
signal path. Each active finger is then associated with a respective time offset that is

determined by the arrival time of the multipath component assigned to the finger. Each



2 active finger would then process the received signal based on its tine
of fset and provide denodul ated synbols for its assigned nultipath
conponent. The denodul ated synbols fromeach finger are "deskewed" (i.e.
aligned in tin%? and accunul ated with denodul ated synbols from ot her
fingers on MR2Q4NE2Rhannel to provide final denodul at eBCEYRMAN YIS t he
channel . [10051 When nultiple fingers arezassigned to process nultiple
mul ti path conponents for a given channel, it is necessary to wait for the
| ast finger to finish its _processing before the final denodul ated synbol s

for all assi gastive fingrysvouldthen pracesythg sesived sigpaldassdantsitimeetigband prevdde
received sig _ | &ﬁl\;& | I gnal
pat hs are re%@gﬁgﬁsyfgﬁéﬁ?%ﬁ%cdgég%ieeg,rﬁlgﬁpﬁg em@xatﬁl}?é&%h Eg@%g}@%’é% be
stored until fréme ¢aght fifgengae Tdeskemededsed.alipgned lie tin¢)e and aseymiisted | wish
finger is normally, the | rocess fhe latest arriwvin

mul tipath corr% r?élﬁ tafloﬁyﬁtﬁs ﬁoﬁé%ﬁﬁq.%egsvé’ﬁt ﬁlgnéﬁn} ,CE?EWSf ft? r?é?wgi%%ﬂﬁ at ed
synbol s are baghicdukedfs@mbels thiitied ¢hatnedf tine that is longer than the |argest
expected difference between the earliest and latest arriving nul tipath
conponents (WP i s"@?‘r’mﬁﬁ‘lltﬂ’q? eg‘éﬂzfsed“? 02HENEG etodéﬂr%fs%ﬁp\élaglﬁ npyjtipath
buffering thedpigdfénté @FRAUYVEH Qbnsd PN Secbhiry!tBivwail RP M fidebi® fidifiird ast

finger can be assured to have finished i t;mgrocesm ng, and the buffered
final denodul proesssing rhséire therdinal demodidated symbeld foo adlubssigmed dingers owwske ng
stages. [10061 Thj | ani; . M t.hat. finger
nae 1 ni shed FPEeose S BIMRINA Nabes THACRRLEEE gty SR B Bl BBl

t he buff er i ngsigradsd frotnoalt Gipaal pitks atearcgeisdd end deheptockskady os i dembduiatede

system which be |Long f.or . de .Divisiaon | t.i pl e Access ( CDVA)
Syat onb. " SeconBPblssAnaP ShromuL i dast Bty if et 1 die BUF Fesbithp REGioRGR { 1 or
the |argest expgghdl e bﬁe/as@%haﬁﬂa précees heIted? @iz muRiphthadomBendhy Rsyamdient
processing on the final denpodul ated synbols. [10071 There is therefore a

need in the afhanpely Copvamfiprpllysthe dingldemadylatad) symhplg arepuffesedoint £ durgtien phi ne
when the | astyf] : il 0 | | L4
denodul at ed st)l/]Il g% Slisn%gg%eth%x%ggﬂgﬁ I%x p?ggﬁé%‘ésrg%e%%ﬁl\ﬁw Eﬁ%&%‘?‘i llﬁtta‘at:shni ques
are provi ded deviagmuldpatotdmponenie (véhidnis somhmnlystfetred thetséhadatay sprdadh Bihe | ast
finger has finished Jt r.ocessing s hat .t.he denpdul at.ed. sygabol s be
processed by ¥ ﬁﬁkéenﬁn"'gtdﬁﬁgé'ﬁatﬁ‘?ﬁﬁﬁtpgs A @ﬁie%?ﬂﬁw’rtg? it CFF?Pg”E%/s f or
whi ch assured to have finished its processing, and the buffered final demodulated symbols

may then be provided to subsequent processing stages.

[1006] This conventional mechanism for ensuring that the last finger has finished its

processing is not efficient for several reasons. First, the buffering needs to cover the
largest expected delay spread for the system, which may be long for some Code
Division Multiple Access (CDMA) systems. Second, longer processing delay is
incurred by having to wait for the largest expected delay spread to elapse before
| initiating subsequent processing on the final demodulated symbols.

[1007] There is therefore a need in the art for techniques to more quickly and
efficiently determine when the last finger has finished its processing so that the final
demodulated symbols may be expediently processed.

SUMMARY
[1008]  Techniques are provided herein to poll fingers on a channel to determine
when the last finger has finished its processing so that the demodulated symbols may be
processed by subsequent stages. Fingers on the channel refer io fingers for which

demodulated symbols are to be combined to obtain final demodulated symbols (e.g.,



denodul ated synbols are to be conbined to obtain final denodul ated synbol s
(e.g., WD 2004/112272 PCT/ US2004/017160 3 fingers assigned to process a

gi ven data transm ssion). These techniques are especially applicable when
the fi ngers erform rocessi ng i ndependently and/or at different tines.
11009] For 20041333 ér determ nation, as each finger on PREUVEHAHNEISO; s

pol | ed, the polled finger conpares its sgate information with the state
information for the channel to determ ne whether or not it is the |ast
finger on the channel. In an enbodinent, the _polled finger is deened as the
last finger ifmngeryassigaedisl praeess p giysn dpta “Pﬂ%mfﬁl‘?fgernéi?rtP@ﬂquﬁs arggrrscgllyed as
the last fing rhppﬁ. AR I ris

| ater than tﬁﬁepl%ﬂ)rhr?gri}teﬁ as g%ﬁg%or o%w%%) aFiépe%l&nggtrag&/(O)ﬁ&d!Hzg% t?ﬁ%gl have
been pol | ed ali®0Bpbne Fopfast Iﬁag@ cfeten:gmagom g iegelt ogaromt the tchammel fsepdlladt thei nger

b h
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fogI E g)e cEanngétemgnTJpMamdneﬂomdtht ishhe mgﬁggerrmhaﬁmhamal Lm][aﬂ hﬁbqnlﬁzhére,gﬂﬂei ngErOI
an t he eno ate S e t he I.n m e nhar Ke
as being read?ou‘?ﬁlrfﬂ‘%ﬁ%&%g dfa g&ﬁ”ﬁﬁf% : B5hewrEtly he
pol I ed finger chsidéRdalsare Wst Bnée?%e Cth@@ﬁh@éntﬁsﬂﬁﬁgérﬁf(%’ﬁégbﬁéﬂ hggaidlaggs of

whet her or not the polled finger is the |ast finger Vari ous aspects

and enbodi nenthangdhe guseent lastclinges or 63) alldmsensiondhe chﬁnmlrh@mbeend@ﬂ@d gndmsingw,
o oo R gl A NS L ] (LA B i v

advant ages of pr Inventi o nore apparent fro

det ai | ed desc begiremnvesi®pt forth bel ow when taken in conjunction wth the

drawi ngs in i ref ce c rac er ent | CoJ.r ondi ngl y.

hr oughout - andl (kr eithse pefi BB 15 figer e 25 B R o Faation

station and aférethabmhell i8 updated ﬁit&fﬂie stﬁ@ RO atioh | feths §snanﬁngei%é](zﬁha 2

shows a bl ock di agram of a_denodul ator; _[10Q15] FIG shows an exer’rP ary
oA

recei ved si gndpmo 4@?@16@@@”@%%% noHed HpgRr vyt hegparked ps heingready faB and
4C show two eghp, r%cé%gm n ’[ﬁé”sﬂa’cétmﬁ%ﬁtﬁfn ff)PfheapoﬁQ@ﬂH%ér s ul%q]a%%ﬂ'l: e 4D

shows mar ki ng of I na dem) lul at ed symbols wth l'ast
channel state information regardless of whether or not the polled ﬁnger is the last finger.

[1011])  Various aspects and embodiments of the invention are described in further

detail below.

BRIEF DESCRIPTION OF THE DRAWINGS

[1012]  The features, nature, and advantages of the present invention will become
more apparent from the detailed description set forth below when taken in conjunction
with the drawings in which like reference characters identify correspondingly
~ throughout and whetein:
| [1013] FIG. 1 shows a block diagram of a base station and a terminal in a wireless
communication system;
[1014] FIG. 2 shows a block diagram of a demodulator;
[1015]  FIG. 3 shows an exemplary received signal;
[1016] FIG. 4A shows an input buffer;
[1017]  FIGS. 4B and 4C show two embodiments of an output buffer for a channel;
[1018]  FIG. 4D shows marking of final demodulated symbols with last finger flags;
[1019]  FIG. 5 shows the polling of active fingers to determine the last finger on the
channel;

[1020]  FIG. 6 shows a demodulator memory; and



11019] FIG 5 shows the polling of active fingers to determ ne the |ast
finger on the channel; [10201 FIG 6 shows a denodul ator nenory; and WO
2004/ 112272 PCT/ Cs2004/ 017160 4 [1021] FIG 7 shows a flow di agram of a

process to detern ne whether or not the polled finger i he | as i nger on
t he channel WHEMAEED DESCRI PTI ON [ 1022] The word " exerrp?%%gm?@l%}é’éd herein
to nean "serving as an exanple, instance4 or illustration." Any enbodi nent

or design described herein as "exenplary” 1is not necessarily to be

construed as gref.err advant ageous over ot her, enpodi nment or desi gns.
(7025 "The T aUBEI T oEfG st R Y ARGt e hler e GoRarir wskyr BLridBt f o
both uplink fdldEnge i the kst fifigeponteshamel.fromthe termnals to the base

stations and downlink (forward |link) transm ssions fromthe base stations
tothe termnals. For clarity, these techniques are specifically described

for uplink transm ssions. [10 ETFAﬁ.EﬁBP??Ri‘PﬁW di agram of a base

station 104 and a termnal 106 Tna wre S coimmini cati on system(e.g., a

CDVA syst em) . [1022]t he The ok “edmplakMiN aked1Rein 18 thédNSdEing hean dikbiple
processor 114 receives traffic data froma data source 112 and si nal i ng

data from a cHs@ERs pelugmgonTxAgy cabplimericd dlesign describer hesplnas SexgmPlaBdes t he
dat a based on; | | : | at or
isAIEndEssHAY S0 6O %ﬂ%&u@&ﬂ?ﬁﬁé@oﬁggﬁdt%oﬁ@%g opﬁt %Jtlb(@gggﬂ%’

(MOD) 116 then receiveS and process e c ta and 0
provi de nodul ettdssignsiat a. For a CDVA system nodul ator 116 "spreads" or

"covers" the d a | da | th.different, channelization.cqdes to
channel i ze th@ﬁgﬁaf f ‘ii‘ge Pg{ g%lgesr ipé)ﬁl]%%wﬁ‘tgh%ﬂﬁe%,desc ﬁ%fi ET’IFI& m&%tﬁg u8?f?£°rt glfr
respective codglinkl{enesd Knk)ftansmisbidray seaenminmsiol thé bise blafiond andidaeslink
spectral ly spreads, . channelized data with a spreadi ng sequence that is
hque- 1 or ¢ B il denstigons o 4 BushtboRap b miion it s S be
i dentified byteblddes adishécRi@Ny dsRFBafoPGpERAAGEESons) 1025] The nodul at ed
data is then ﬁrow ded to a transmi tter unit (TMIR) 118.and conditioned to

generate an uBO2k nBHey hehowss blagk diagrpm of abasa staiend§4 #ag aiterening 406 in 2

conversion to iR ﬁ&ﬂ]@ﬁms I thefd ' ik 1t 8RLA8 103nd

frequency up‘gg%%s%él on. ‘?‘ e up |nqg%nﬁgg?%%er’gg%s%%%hggm%ﬁ{trangln%@t ed via

an ant enna 129 tanshit (TX) data processor 114 receives traffic data from a data source 112 and
signaling data from a controller 130, TX data processor 114 then formats and codes the

data based on one or more coding schemes to provide coded data. A modulator (MOD)
116 then receives and processes the coded data and pilot data to provide modulated
data. For a CDMA system, modulator 116 “spreads™ or “covers” the coded and pilot
data with different channelization codes to channelize the traffic data, signaling data,
and pilot data onto their respective code channels. For a CDMA system, modulator 116
further spectrally spreads the channelized data with a spreading sequence that is unique
for the terminal. The pilots from different terminals may thus be identified by their
‘ different spreading sequences.

[1025]  The modulated data is then provided to a transmitter unit (TMTR) 118 and
conditioned to generate an uplink modulated signal. The conditioning may include
conversion to one or more analog signals, amplification, filtering, and frequency
upconversion. The uplink modulated signal is then transmitted via an antenna 120 and
over a wireless link to one or more base stations.

[1026] At base station 104, the uplink modulated signals transmitted from a number
of terminals are received by each of one or more antennas 150. Multiple antennas may
be used at the base station to provide spatial diversity against deleterious path effects

such as fading. As an example, for a base station that supports three sectors, two



over a wireless link to one or nore base stations. [1026] At base station
104, the uplink nodul ated signals transmtted froma nunber of termnals
are received by each of one or nore antennas 150. Miltiple antennas may be

used at the ion to provide spatial diversity agaj rious

pat h effect s}p&lgof‘%@hgé fading. As an exanple, for a base E{:@i%@ﬂﬁilﬁgﬁ?

supports three sectors, two ant ennas nay
h _ WO 2004/ 112272 PCTI US2004/ 017160 5

be used for each sector and the base station nay then i ncl ude six ant ennas.

| |, the b t at nb
[Eogs]ne[rﬁe re?ﬁ?@%%e%‘fgﬁ%:ugg g‘%%“ﬁﬁﬁe‘% %gﬁ‘ﬁgh% ngﬁaﬁ er{buc g%’ggztlve
receiver Unltaﬁt&@dR)InJgéﬁeraIEﬂﬁmaie%%bﬁ lbgreq&l 1|tlflﬁiylﬂi§ﬁ1b@ﬂﬁa@fenﬂ§%re si gnal

i nstances (i. mul ti pat h, cqonmponent s each of a nunber of term nals.
Each receiverl G?J. t 1b% rE‘%?H‘@F‘tﬁ‘%’r%r%(Oéﬂ @a"h Pli‘tF‘%Dér %50 provided do aaﬁ‘?ﬂ?%ﬁuency

downconvert s) recbiger RHEINEYR) susgnaba&anfbc&%t r@ ﬁlbmﬁé ohBr AR &

signal to provide a stream of data sa or t recel ved signar. [10281
A denodul at or inBEESI0)e ,mﬂﬂpmnorppme’@)s e&dhe)f@amalbsatpﬁibmnﬂbrﬁmhlrecen@cel ved
signals to pr d B%r%d [ 4 ake
recei ver that R%Eggzp?oceg)éggég r@ mP ti pa#rgq e% gneﬁ?%‘@%?ggg‘%?elv ei ved
signal, as dsigndiahé durthet digitizas anmeoﬁmmhtmpmMeammwﬂamhmpléecodes
the denodul at?d dat a . %{g.é}}eﬁéover the traffic and signaling data transmtted
on the uplink o@ha@ term nal. The processing by denodul at or 154

and RX data pp@egpsoni dafodiato PVBLOTBN $Y Yheh &B@Eespﬁef&&mﬁnﬂzs ARy at or
116 and TX data processor 114, respectlvel 029] Controllers 130 and 160

direct the opEcevedsignls opeovids damesulated iatan @@a@@latcgtléﬂ imgy implemsaics fake| y .
Menory units [ sed b
cont r)cl)l lers 1 gg“’é‘gm"’fé p&gg%égj | vef)mﬁ@n}&glcg{nﬁl Cl ?@%Ecﬁ.ée@é"@e&osg@ ﬁo shozv
all of the pr dtseslsadfc@loumlAset:Biva(RX) @tmmombdrylsprﬂmehcodas the ldembdulateddidta and

the b t | G, 2. k. d f mbodi t of
e e o 51 o B st o S o Bl BA2E B SR SRR IR 02,

finger procesganindl0 Thel processdty Ghedenzaidlatdri mgeranﬂraxeﬁmrpr%&&sdfayb@ is
operated at a hi glh cl ock speed to effectlve{j | npl e nt (%"vi rtual "
fingers, wher EOTRPIFRENIEY @n&q Rerderaied ohe mpdulstor o1 1oy ¢ and TX dla processor 114,

respectively.
[1029]  Controllers 130 and 160 direct the operation at the terminal and the base

station, respectively. Memory units 132 and 162 provide storage for program codes and
data used by controllers 130 and 160, respectively. For simplicity, FIG. 1 does not
show all of the processing units that are normally present at the terminal and the base
station. |
[1030] FIG. 2 shows a block diagram of an embodiment of demodulator 154.
Demodulator 154 implements a rake receiver that includes a finger processor 210 and a
searcher 230. Finger processor 210 may be operated at a high clock speed to effectively
; implement Q “virtual” fingers, where Q may be any integer one or greater.

[1031]  As shown in FIG. 2, the data samples for each received signal are provided
to a respective input buffer 208, which stores the data samples for subsequent
processing by finger processor 210 and searcher 230. Input buffers 208a through 208n
provide the data samples to the finger processor and searcher as they are needed.

[1032]  Searcher 230 searches for strong multipath components in a given received
signal and provides an indication of the strength and timing of each found multipath
component that meets one or more criteria. Typically, searcher 230 searches for the

pilots transmitted by the terminals to find these multipath components.
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[ 1031] As shown in FIG 2, the data sanples for each received signal are
provided to a respective input buffer 208, which stores the data sanples
for subsequent processing by finger processor 210 and searcher 230. Input
buffers 208a t hrough 208n provide the data sanples to the finger processor
and sear che™ Q&9 2ar e needed. [1032] Searcher 230 seaFET{Q?Ogﬁ?”E“Prong

mul ti path conponents in a given received 6signal and provides an indication
of the strength and tim ng of each found nultipath conponent that neets one

or nore criteria, Typically, searcher 230 searches for _the pilots,
transnitted bF"SNe t %wgesm%ﬂﬁmﬂ%% 3579 sedh forhieheay be aspgned

2004/ 112272 PlohirblOD diffeleit fflitigat dbipahert o Sdre (O£ Ma%%dib%bﬁﬁ%gfh(?

fingers, each of which may be assignéd to process a different nu

conmponent of 16 easeden the signal frengih ead Hmingd atiw provided by seewher238H Am t he
signal stren ol PR ' ' o . used
he?ei n, an " g% fi\?lg&' iair?gg‘rgm}iesﬁig%%q% hg{thlgtgﬁ:%%@%ﬁe P ogggpsr%@&etsléﬁgr)%%lﬁfﬁ%ul ar
mul ti path coogpnporott. Hsah activet finger piongpess ifsrasdigsianultipath asmpomeatitonptbideat h
conponent to provj de d ols for that .multipath copponent. The
denodul at ed s@%‘%d“ga%fdrsé’m%gg%ﬂh%ﬂ@ﬁp% frameseyn ﬁge@%‘#’r@ﬁi‘*ﬁﬁﬁ@gp ﬁéﬂnéglﬁ hen
conbi ned to pa@ie diRgérh on fthd @imedBamRBULR RA cobibifealts pfovideltheting 8mMb@lated NOET S

on the same channel are typically those assigned to process a given data
transni ssi on, SYdhokniopiiat elo nHibgrEs protheisame Chennel are tynigallyithese assignsthtone or

mul tiple basePfot:@sk 1200%erl @ta A, h@ireg %@P@éggﬁgﬁn‘eﬁg@nﬂ%} LAESE. @

segnent of data sanples 1s retrieved . one of the 1 nput
buffers and pfromicgedr myltipledmse statidns dor tixidownlinkch al so receives a

correspondi ng ragbl in e nt from do-random.nu r (PN)..

gener at or 22!’1%3 rot 8r%?§ﬁ§§t§‘%g Rp 28 %gﬁ#@mﬁ?lﬁﬁ%ﬂwﬁﬁoéﬁ\%@?he
dat a sanpl es bhodichéf the agpie bhffeys tahd prowided s asieediaknblgr I ertadtbilsfecsiegnent to
provi de descranbl ed sa .Data and _pil ot desp

| es. | readers 214 nd 214b t hen
despread or dew%ngﬁmaﬂwwwgéﬁﬂ wswdprrmeﬁahﬁgmg%@#@rgee%@g f or
the traffic dasasange U@ sehmélt, HASA&MId V8 then RBltipALd He E8MPInPTes| ihaMR
despreader 214b are further filtered and interpolated by a pilot filter 218

to provi de pi bemeatvithihessrespondinpdeserapblingicgmentite provéide deserargbledisampleshe
despread sa s, fir h.t | ' Lovi de
denodul at ed syr?g‘loqng p?%?&?ﬁ%aﬁ%g?[l ?%élﬁlzygrrtg%&r\g%f’ Pe'g!él%%éi@ %0}}!'812@%2%8. |@8§5] An
out put buf f er sadflescwitib cinmaclidation estinel fidrethe ttaffiy rdatal andftho pilat] tespeactigety.s Tha

pilot samples from despreader 214b are further filtered and interpolated by a pilot filter

218 to provide pilot estimates. A data demodulator 216 then demodulates the despread

samples from despreader 214a with the pilot estimates to provide demodulated symbols
for the multipath component being processed.
[1035] An output buffer 240 combines the demodulated symbols from all fingers on
the same channel. Output buffer 240 provides the final demodulated symbols, which
: may be further processed by a channel processor 250 and/or decoded by RX data
processor 156 (not shown in FIG. 2) to recover the transmitted data. Channel processor
250 can communicate with higher protocol layers, sequence hardware operations, select
new fingers from searcher results, remove assigned fingers or add new fingers, and so
on. The design and operation of a rake receiver such as that shown in FIG. 2 is
described in further detail in the U.S. Patent Nos. 5,764,687 and 5,490,165.
[1036]  FIG. 2 shows a time division multiplex (TDM) design for demodulator 154.
For this TDM demodulator design, & single finger processor 210 performs all of the
required finger processing (e.g., descrambling, despreading, data demodulation, and so

on), and the Q fingers are implemented in a TDM manner by the finger processor. For



t he sane channel. Qutput buffer 240 provides the final denodul ated synbol s,
which may be further processed by a channel processor 250 and/or decoded by
RX data processor 156 (not shown in FIG 2) to recover the transmtted
data. Chann 250 can comrunicate with hlgher ocol | aye
sequence haﬁh%zﬂgggg rations, select new fingers frontsg ﬁﬁm“?%gﬂlts
renove assigned fingers or add new fingerd, and so on. The design and
operation of a rake receiver such as that shown in FIG 2 is described in
further detail in.t U S. Pat nt Nos. §g4 687 and 5,490, 165. [1036] FIG
2 shows a t1 mEXSH SR RFRREHFOR 24 cenrmro ? Giviest ProSSRSHGI (R Beer 34D ongo.

this TDM derTDEBt'|0¥T0Rfckq§§1begQhexﬁth‘é't@@.{lﬁdfﬁrdi&@ingofd?%%&oﬁ ﬁ%ﬂotﬁ@rra‘e%moatl of
the required finger processin descranbl i ng, despreadi ng, data

denodul at i on, c¥#§ &9 sogm | Tl&rfa%lﬂﬁgs anplemgaed by the finger prosesserdnaynbesjustcive rranner
by the finger,promssRlie. F{% evﬂagﬁﬁz‘é/b]eéggg Wér%@%é/b%{éc‘ﬁ% ﬁZ\é

finger processor % can Form the requi red ‘processi ng | n one
set of clock i;n;etheéingeﬂa@m tthmertmm‘reemtbﬁeumgtedp for finger 2 in another

set of clock es ers | emented b he fj nger
processor usF’tR&e i@é@ Q/eéllc{&uﬁ@éri %ﬂ ane %rsé’r?cl‘?%ﬁf’ ?’%é@e aﬂeglﬁg
assi gned) or ﬂﬁpﬁeﬁ@thﬂt@ ﬁﬁgetnh wethfdifigeits fage sldtdtawheré@adi Afgr Slof inchides 4 hose
t hat have not been assi glned [ 1037] For ,the TDM denodul at or desi gn, one

finger pr oces 8 rof Fiqsk cyfles ﬁa%gnarfﬁlpf%ﬁar?rﬂ%lhr finger. n bk Q Tiaer weY Pecyrled
A nger | ot St fichabolndek ROSE" .01 O HleiBly Bo chelbd roblOTH uV ke

deS|gnated for a“particular finger. I ngers may be cycl ed through I n

each "finger pgogt:sedr ifieong fingey ¢yic nw@/o{)@ finget elgts). hﬁ@%lgﬁngﬁy stthim woulder
pocesSor 1 S 88T BGRB8 Ay AT

currently ber ﬂgﬂngﬁhﬁmmoedrbﬁerredtoeasfthatgemmwdﬁfmgmr is referred to as t he

tivat ed' ly, d at ted
wh o paral (RS] g Alieal e, SrRalupler Ko S BF dRelpntd Bt of pHaley
fingers is i npLRsRMededgn. aFaqaar(etlg.ggl £ %ﬂﬁgb& is M1érhddhe afslarsea&ae may

then be operated simnmultaneously shows an exenpl ary received
si gnal for onbarldas@u@ztaM@rplaﬁ@mmaymbemﬂr@t@&lt@ﬂegw transmitted by

h t I b I
each ternm na (1Y € §ecsis ggr eacﬂﬁglggsecat&ttl 1 £ @n@bﬁgmﬁﬁrh%teﬁﬂagna

paths. The re d signal statio antenna ma us I nclude a
nunber of nul Theatokbulewdpignaritanshisted by eaddr temping magyr brei needived lﬁahhbase station

via a number of signal paths. The received signal for each base station antenna may

thus include a number of multipath components for one or more terminals. Each
multipath component is associated with a particular amplitude and time of arrival at the
base station. In the example shown in FIG. 3, multipath components (or peaks) 1
through 5 are associated with arrival times of T; through Ts, respectively. The profile
of the multipath components in the received signal is defermined by the wireless
" channel and typically varies over time. For illustration, peaks 1 through 5 may be
assigned to (and processed by) fingers 1 through 5, respectively.
[1040]  FIG. 4A shows an input buffer 208x, which may be one of input buffers
208a through 208n in FIG. 2. The received signal for each base station antenna is
digitized to provide data samples that are stored in an associated input buffer. The
finger processor may then be operated to process a given segment of data samples over
and over for multiple active fingers. For example, data sample segment 412 may be
processed once for finger 1, then again for finger 2, and so on. A pointer IP may be
used to indicate the start of the segment to be processed. The IP pointer may be updated
(advanced to the right) at the start of each finger cycle. Another pointer IW may be



mul ti path conponent is associated with a particular anplitude and tinme of
arrival at the base station. In the exanple shown in FIG 3, nultipath
conponents (or peaks) 1 through 5 are associated with arrival tines of TI
t hrough T5, LWely. The profile of the nmultipath n i n the
recei ved si g\ﬁgl%hﬁé io’lgfer m ned by the wireless channel angwgﬂﬁ’éfgﬁ@ vari es
over time. For illustration, peaks 1 thro@gh 5 may be assigned to (and
processed by) fingers 1 through 5, respectively. [10401 FIG 4A shows an

i nput buffer 20 Wi ch.may he one.of, input ffers, 208a,through 8n in
FG 2 The Bt o b ReefE e oS if e D onte e ey 4 SRR, 138G 1o
provi de data sWrRhea thidite @vanced e thd right BradsmocdAd Stnpldfstrittufid ee.inphite

finger procesg}g{g may then be operated to process a given segnent of data
sanpl es over over for multiple active fingers. For exanple, data sanple

segment 412 npp4Pe  IGS 9B IRSvCRCRntoimdnt BOGTput bulteIM0R $6H dhe lcRdnnkl. NSk 2,
and so on. A pointer IP may be wused to indicate the start of the segnent to

be processed. ofithe fingerp on thie ehanag] precespsel thesame segneahebdpta wmples and gravideat t he
start of each_f] C ﬁnﬁﬁ]ﬂ [ I -IF&;/ ﬂ%gz Wahd ;
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each new data.s le S witten.to fnput . buffer. [10411 FI G .4B shows
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this channel pé@&peRES aldifferem Forida ONE Kame fordhé datsRABIASIcAREinRTQsVEles a
respective segnent of_ denodul ated synbols. Since each finger on the channel

is associ at eft0#l h Forreramnlent datprepgle seement e in kG4 Griwecenisdplen
conponent (as raétvﬂ\g‘ﬁh&efsnﬂ{:ehcﬁw Spgmehl6f a&gme@éyn%@ﬂ,wﬁg&% SR ol OVi ded

by each finge then correspond to a different portion of a frame for

t he data tr anstwitigiabtheBedahion indisaied by gointer Fd,4R¢ sepmen dulated syrabads anpl e
segnent 412 in Fl 4A | t L:ve :fi t e.segment
of Cdenndul at cAmErbaTe) PEAPRRRTZEP St iome AELANE OB By Aol EXPwECOToD

i ndi cat ed by pegnméneof Femotitiieted agnibols fof fogerodiuhat bel asyuminddtad Btartingf atmper 2
may be accunul ated starti at. the |l ocation indica b Lnter, F2, the
segnent of deﬁ%&ﬁ?%@é‘%f@ﬂ%oﬁ"gn%fg”f r 0T hﬁwﬁﬁ%i‘ﬁ'&ﬁsﬁ@fﬁ#&e éiea?“ﬂ?“r'ig at
the locationy el sethied Y MebEtCthrduph SNEspestively, WIREHERY Ssiched Y progdrs FS are

the output buffer pointers Tor fingers 1 through 5, respectively, which are
assi gned to ppewksdghrough 5 inFIG. 3.

[1043]  The storing/accumulation of the demodulated symbols from different active
fingers at different starting locations in the output buffer effectively “deskew” the
demodulated symbols. The deskewing aligns the peaks for the active fingers on the
same channel so that the demodulated symbols from these fingers can be constructively
combined.
[1044]  The output buffer pointers for the active fingers are determined by the arrival
; times of their assigned peaks. In particular, the difference between the output buffer
pointers for any pair of active fingers is determined by the difference in the arrival times
of their assigned peaks. If finger 1 is used as reference, then the following can be
established: F,—F, =T, ~T,, and so on, and ¥, ~F =T, -T,.
[1045] A pointer OW may be used to indicate the next location in the output buffer
to be written to by the first or earliest finger on the channel. The output buffer pointer
for the activated finger is advanced (to the right in FIG. 4B) as the demodulated
symbols are provided to the output buffer. The activated finger would be deemed as the
first finger on the channel if its output buffer pointer is equal to the OW pointer, in



peaks 1 through 5 in FIG 3. [1043] The storinglaccunul ation of the

denodul ated synbols fromdifferent active fingers at different starting

| ocations in the output buffer effectively "deskew' the denodul ated

synbol s. The deskewi ng aligns the peaks for the active fingers on the sane
channel so tW8t20e4He22d2nodul at ed synbol s from t hese fi ngerETamsao0se17160
constructively conbined. [10441 The outpygt buffer pointers for the active
fingers are determned by the arrival tines of their assigned peaks. In
particular, the difference between the output buffer pointers for any pair
of active fi ngdhich dase thet@Wnpaiter iv\alsbrrdvahiceéd endeihe aleinndbibied aymbolatrites sas  of
their assigne eaks. |f finger I s used as.reference, then the follow ng
can be estabflf'@ﬁ@c?%aﬁ%m ,teﬁgwtbﬁjz‘h‘f-s?m ﬁﬁﬂ%ﬂ%%?mgﬁ%ﬁ‘ﬁkbg o, 75 -T,. [1045]
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activated finger wou eened as the first finger ont anne
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currently st oweagui buffdndly the Gat fiager, ildOw6]ld enFkésBio the sktloftBe otiipat bufpst and
out put buffers_may each rated as ciycular buffer. Fqr the ingut
buffer, the IW‘ﬁBiﬁﬁt%}d ‘%ﬁﬁe Bgf%%d%ﬁ?&&ﬁl- ?Q‘et CTROYH TS FEe éwegé‘fl‘g“g es are
witten to therdua@ilsilatifRinnednd woul d then reset to the start of the input
buffer when the end of the buffer is reached. Siml arl for the out put

buffer, the @W4Bbi ntIG. #6\shpws aenrhes cavodigentef quipyh butfer Hdwderanschennsynbol s
are witten t 4 p%]fﬁ fd | Y, reset
to the start (?P}Fﬁsee out %@t@ﬁ%%@tﬁm eg?%rkgéé‘zi}lagg%;lgt%e%%ﬂ?er |gwgr’ gac ed.
The ot her poi d2er sndk20ad\Eacic bdnkadzl wivegspee framo ofi demodwated Isanbaia dorethe
[1047] FIG 4C sho not her, enbadi nment ..of ut .b Qy f.or. one
channel .  For aﬁ?f"é"\ggﬁﬁ%‘&F ﬁtf@%&sgﬁ%ﬂ?n mrgﬁwﬁ%y&'bm3a%e ank stores

i npl ement ed wighd ddmwdulaasaksmbdid Gar Disves Zaie ab@eHe dikeribardie Sofet teakmdalafedane of

denodul ated synbols for the _associated 6hann.e|. (Afra has. a dtﬁration of
10 cosec in WSrpkels for@qeolgqrfkanﬁ ofgan, the OW pointer may be used to indicate the next

location to be written to by the first or earliest finger on the channel. The OW pointer
would be advanced along bank 420a, then jump to the start of bank 420b when the end
of bank 420a is reached, then advanced along bank 420b, and jump back to the start of
bank 420a when the end of bank 420b is reached. The output buffer pointers for the

active fingers are also advanced in similar mammer as their demodulated symbols are

-

written to the output buffer. For clarity, the last finger polling is described below for
this dual-bank output buffer design.

'[1048]  For the TDM demodulator design described above, the finger processor may
be operated to implement a number of fingers. In general, each finger may be assigned
to process any multipath component for any chanmel. Moreover, each finger is
implemented independently and may not be aware of the existence or state of the other
fingers.

[1049]  Sufficient state information is maintained for each active finger to allow it to
(1) perform the required processing and (2) provide the demodulated symbols for
storage and/or accumulation in the proper location of the output buffer. Sufficient state
information is also maintained for each channel to (1) allow the active fingers on the

channel to perform the proper processing and (2) allow channel processor 250 and other



t he denodul ated synbols for a newer frane and the other bank stores the
denodul ated synbols for an older frame. Again, the OWNpointer may be used
to indicate the next Jlocation to be witten to by the first or earliest
finger on t The OW pointer would be advanced bank 420a,
then junp tga’toflzg&@??r" of bank 420b when the end of banlg’%fg'gsgoq“ &% ched,

t hen advanced al ong bank 420b, and junp b#@k to the start of bank 420a when
the end of bank 420b is reached. The output buffer pointers for the active

fingers are al so advanced in simlar nner, as thei.r denodul at ed ols are
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fingers on the sane channel. I nger polling can detect tfor the

| ast finger ontheHastdingemed the channel. The conditions for determining the last finger are
described below. If the activated finger is deemed as the last finger on the channel, then

—

(1) the channel state information is updated with the finger state information, and (2) the
demodulated symbols from the activated finger may also be marked as being ready for
subsequent processing, as described below. The demodulated symbols for the activated
finger are provided to the output buffer for accumulation and may further be marked as
appropriate.

[1052]  Referring back to FIG. 2, finger processor 210 includes a last finger
determination (LFD) unit 220 that determines whether or not the activated finger is the
last finger on the associated channel. The last finger determination is made based on the
activated finger’s state information and the associated channel’s state information, both
of which are stored in a demodulator memory 260. Channel processor 250 may initiate
processing on the demodulated symbols once they are marked as being ready for
processing by the last finger on the channel.

[1053]  FIG. 5 shows the polling of the active fingers to determine the last finger on
a channel. In this implementation, the active fingers are cycled through in sequential

order (e.g., based on their assigned identifiers), and each finger is polled for last finger



m ni mal processing and with mninmal interaction between the active fingers
on the channel. [1051] The last finger polling nmechani sm operates as
follows. As each active finger is inplenented by the finger processor, the
activated or polled finger conpares its state information with the state

i nfor mati on @@sekAS2ehannel to determ ne whether or not pErA§2004/01916b aSE
finger on the channel. The conditions for _determning the | ast finger are
described below. If the activated finger s deened as the last fi nger on the
channel, then (1) the channel state information is updated with the finger
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Cor 1 ast £ noBReaioonuion a3 SpCARernem s PO tert B (GRS Ehes up
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Is the last finger .on the channel and updates the channel state inforpmation,
as descri bedufamatien. ehhe lagt fpeerpriing properes 1 gmilar ppmnee foreagh, ngeg slok phi nes
that it is nofschhgeerlc9dk. finger on the channel. Finger x determnes that it
Is the new |l ast fingef on the channel and therefore updates the channel
state i nfor malli0B¥l acdmpicallygihen thggmoasesinghier amewwherinehfifst peramendes pr Wherger
cycle n detergpi |t I ' ; annel, [1054]
The. processi nierapieet Banhd il bmitiBe bl baB Bl el H ey >

the new last finger on this new channel. After one compleie cycle through all active

fingers, one finger (e.g., finger x in the FIG. 5) will be determined as the “true” last
finger on the channel. For each subsequent finger cycle, this same finger will continue
to be deemed as the last finger on the channel] until either (1) a new finger is assigned on
the channel and is later than the current last finger, or (2) the current last finger is de-
assigned, in which case another finger on the channel will be the new last finger.

[1056]  FIG. 6 shows an embodiment of demodulator memory 260 that includes (1)
a finger state RAM (FSRAM) 270 used to store finger state information for the active
fingers and (2) a channel state RAM (CSRAM) 280 used to store channel state
information for all channels. In an embodiment, each active finger is associated with a
respective finger state register 272 that stores various parameter values for that finger.
In an embodiment, each channel is similarly associated with a respective channel state
register 282 that stores various parameter values for that channel. The finger state
registers for the active fingers and the channel state registers for the channels are stored
in FSRAM 270 and CSRAM 280, respectively. In general, the finger and channe] state
information may be stored in any memory unit.

[1057]  Table 1 lists the fields of an exemplary finger state register used to store
finger state information applicable for last finger polling. In general, the finger state
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abre I - FIngE
Last Finger ID

PAnR hﬁer'fepthggn ger considered as the last finger on the
channel as observed by the associated finger in its last finger slot.

Update Count

An update count for the channel, as observed by the associated

finger in its last finger slot.

[1058]

For the embodiment shown in Table 1, each active finger stores its output

buffer pointer in the form of an output buffer offset and a bank indicator, which are

respectively stored in the Finger Offset and Finger Bank fields. The Channel Number

field indicates the channel to which the active finger is assigned. The activated finger
further stores the identity of the current last finger in the Last Finger ID field. The

current last finger is the finger indicated as being the last finger on the channel by the

channel state register. The activated finger also stores an update count in the Update

Count field. This update count is incremented whenever the channel state register is

updated and may be implemented with one bit, in which case the incrementing equates

to simply toggling the bit. The Last Finger ID and Update Count fields are used to

detect for an “orphan” last finger, which is a finger that was the last finger but has since

been removed from the channel and no longer exists. The use of these various fields for

last finger polling is

described below.



Field Description Finger ID An identifier for the associated finger. Finger
O fset The current offset to the output buffer for the associated finger.
Finger Bank The current bank in the output buffer for the associated finger.
Channel Number The channel for the associated finger. A flag indicating

whet her or n¥P A#M@12&soci ated finger is the last Last FPHQ&SZWF’WW on the
channel . This flag nmay be provided as bott#3 a |ndicator hardware signal and
as state information so that either hardware or software can performthe
next stage of SI nal processing. Finger Valid Poll A bit indi catl ng whet her

or not the | alt05P} ngdablgd lists i figkds o af’é's‘i?f&’inﬁlla@’dchapﬁﬂ fatg Eeaister juged fosdare Fj nger
ID An identif l:l@aﬁ:mél%até ﬂﬁorfrﬁa@igﬁ forClast iR MBSl ARl hSﬂd%P&ﬁte%g]ﬁthefor
channel , as observed by the assocl ate fln |n its orger sl

Updat e Count parhspemekbmay ingludg gther ﬁ@@ﬂﬁ@m tm@sbfbwdufqretnhawumé%awhmhu at ed
finger in 'ts1s|n%§§ho%qg%blél2%rs éﬁ{ﬁ@] For the enbodi nent shown in Table 1,
each active forger storés 1ts ou buffer pointer in the formof an

out put buffer offset and a bank indicator, which are respectively stored in
the Finger O fset and Finger Bank fiel ds The Channel Nunmber field

I ndi cates 't he channel to which assigned. The activated
finger further stores the i den'h f“yf . 1§LP?$%?‘§&Fast finger in the Last

FI nger M f I el & ThAa ol r an At £ A~y et fi1 nanr oAl ~nt ad Ao Ao ng
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the last finder onFidk chanpel by the channdPeseriptionregi ster. The act| vat ed

finger also Stoiﬁ? Qgeﬁﬂgat eAﬁ@téﬂ{iﬁirrbf%%uH;’lﬂ%s?ﬁn unt Treld. This uppate
count is incr '_a.I_LLE%'SLEL_L&_LLpda.LE.d_a1d may

be i npl enment gd Lt tFingen©fler t Tﬁmuﬁﬁutd:hfferaﬁfsettfhﬂhenmmtrﬁatﬁn@r equates t

simply toggli t' bt N as nerluaGUIe ount_frerds arg used
to detect f #ﬁ Efg ‘ﬁh?i ivan G 5 PR O ES | ast
finger but hgs sUpal@@Cdaﬁen Pmy&deédxﬁmethﬁﬂ@h&maﬁhasaﬁﬁgeﬂo Ionger exi st s.

The use of these—vartous—fi ||ngc| g1 S5_OeSCTt bed—pel ow.
WO 2004/ 112272 P@yzgm4/01#¥’6‘aﬂduli%m§ GFQSF@GE“F@%P?%EW@% ds of an
exenpl ary chgnnel state r eg| Seapel iswlid; o store channel state infornmat]on
for last finger polling. Again, the channel state register for

[1060] FIG. 7 shows a flow diagram of an embodiment of a process 700 to

determine whether or not the activated finger is the last finger on the channel. The
activated finger is also referred to as the “polled” finger for the last finger polling.
Process 700 may be implemented by last finger determination unit 220 within finger
processor 210.

[1061]  Initially, the finger state information for the activated finger and the channel
state information for the associated channel are retrieved from FSRAM 270 and
CSRAM 280, respectively (step 712). A determination is then made whether or not the
activated finger is the current last finger on the channel (step 720). The activated finger
is the current last finger if the Finger ID for the activated finger is equal to the Last
Finger ID in the channel state register. If the activated finger is the current last finger,
then the process proceeds to step 730.

[1062]  Otherwise, a determination is next made whether or not the activated finger
is later than the current last finger (step 724). This determination may be made by
comparing the output buffer pointer for the activated finger against the output buffer
pointer for the current last finger. For the output buffer design shown in FIG. 4C where
two banks are used in a wrap-around manner and where symbols are stored from left fo
right as described above, the activated finger is later than the current last finger if either

one of the following two conditions is true:



IR

each channel may include other information that may be used for other

pur poses, which is not shown in Table 2 for sinplicity. Table 2 - Channel
State Register Field Description Last Finger ID An identifier of the
current last _finger. Last Finger Ofset The output buffer offset for the
current |ast WRi2AYEN2272 | a5t Finger Bank The output buffer BSIAIS290M01T16{k
current |last finger. Update Count An updpfe count set by the current |ast
finger. Valid Poll A bit indicating whether or not the last finger poll for
the channel is valid. [1060] FIG 7 shows a flow di agram of an enbodi nment
of a process 700l ghe guipak nefrdender e agtivatedhBnger tand dhe gurtenh dast fingert he

| ast finger on the X i fihgere.is. also ¢ r as the
"pol I ed" finger fop&pﬁgiﬁfg}stpg %%%%%&ﬁﬁ%g@w%?%%ﬁggg%%r %F‘g‘g’/ eelgiﬂrcr’%ﬁlgnent ed
by | ast finger det ewrrnhhst fingerppoitte220 Wit hin finger processor 210. [1061]
Initially, the finger state information for the activated finger and the

channel state inf Q‘h%ﬁﬂgﬁ@bﬁﬂ’e& poitRerd Fo10Mhke Aofbht&d ARER land tRe E@tent BE Hnfdrom
FSRAM 270 and CSRAM 280; respecti vel K (step 712). A determination is then

made whet her or noPoithte different, banke dheractivatedy Engey peisar ip dasthefrightyef then t he
channel (step 720) quJﬁ?laQHﬁig}é Stefinger is the current last finger if the
ate |

Finger ID for the activ ger is equal to the Last Finger IDin the

channel state reqi . ] f tival.ed fi ' &ﬁﬁ rggﬁi st finger,
then the pr ocel“s?g‘%%lfog’g{eag & af%gléogegdyspgﬁﬁﬁf%g?ﬁgﬁTw sé,éhé etgir{" nation is
next made whet[h#3] or Coatlitiohd anersvtht easefin rich the swctiated fitdvais whiting tor thent
| ast finger (step,724). Thi et erm nati.on he ma by. ari.ng . the
out put buffer S%?R@i‘r‘z%‘%“q? ?f@ C(E“ini?g{]@‘ﬁ ’fnigﬁfggtg ﬂ%&&fsﬁ’gtﬁe P%bva%g[%g?r lfbﬂafefrer
poi nter for tRheicpdintents tb BRtleft ohgRI curbtlast Hiag@Woiidr, WHnHRIondES gR THhHOwN in
FIG 4C where two banks are used in a wap-around manner and where synbol s

are stored frdm thedingep Bapk &or thg activaded, fmgey ippbto theelast Finggr Sank imter i s

| ater than th ' b fmegd . |
conditions i s%%j %&r ﬁ%ré Oﬁ./%g%mggﬁﬁ;& O%Ii%rl]@i%%n‘}aﬁ ﬁjﬁk#ﬁ\gesgg?%n@

buf f er poi nt ercgudl by the hast dénger B)ffeed i the gbarmelsthte registstr rent | ast fi nger
[1064] Condition 2 covers the case in which the activated finger is writing to a

different bank than the one written to by the current last finger. This occurs when the
current last finger has wrapped to a new bank. For example, referring back to FIG. 4C,
F3 may be the pointer for the current last finger and F4 may be the pointer for the
activated finger. In this case, the activated finger is later if its pointer is to the right of
the current last finger pointer, which assumes that the maximum difference between the
first and last finger is always less than the length of one bank. Condition 2 is thus True
if (a) the Finger Bank for the activated finger is not equal to the Last Finger Bank in the
channel state register AND (b) the Finger Offset for the activated finger is greater than
" the Last Finger Offset in the channel state register.

[1065] Conditions 1 and 2 may be determined by (1) setiing a first temporary
variable same_bank to True if Finger Bank is equal to Last Finger Offset, (2) setting a
second temporary variable larger_offset to True if Finger Offset is less than or equal to
Last Finger Offset, and (3) setting a third temporary variable later finger as the
exclusive-OR (XOR) of larger offset and same_bank. The activated finger is later than
the current last finger if later_finger is True, in which case the process would proceed to
step 730.

[1066]  If the answer for step 724 is no, then a determination is made whether the
update count is the same since it was last checked by the activated finger (step 724). As



both point to the same bank AND the activated finger pointer is to the left
of the current last finger pointer; or 2. The output buffer pointers for
the activated finger and the current |ast finger point to different banks
AND t he actiyat finger pointer is to the right of the rrent |ast finger
poi nter. Log%@azﬁa%iezrqations are denoted by capitalized M%&éus @f“a!'{l‘s“AND, OR,
and XOR). [1063] Condition 1 covers the cHse in which the activated finger
is witing to the same bank witten to by the current |ast forger. In this

case, the activated finger js later _if its pqQinter is to the left of the
current | ast PP’ﬁéégoﬁoi ’é‘?‘{.atecfﬂ‘l’BT {5 Bfrepepigd t"{?h?EWPFﬁ% Bpfve (&%ﬂert“ll?@atﬁ tger -

Bank for the aginnyadiael r{?’ﬂé}?rﬁ'ﬂﬁ |83 colut Hab Qol @dhodd, B8 onBab khe BUEWRZ .

channel state register AND (b) the Finger Ofset for the activated finger is
| ess than or ﬂ@&%@ﬁn%s%bE%ﬁ Finger Ofset in the channel state register.
[ 1064] Condition 2 covers the case in which the activated finger is witing
to a different bahhere knlx ene finger aspignedda tharhpynel;he current 1ast finger.

This occurs whemt ' .has wrapped to a new bank. For
exanpl e, ref err:hrig %ﬁ”%%gﬁ%ér?ﬁ%?ids%ﬁ&?be the pointer for the current
| ast finger and F4Thagurteet kaktdingen s beerf derassipmed cacemanatied finger. In this
case, the activated finger is later if its pointer is to the right of the
current | ast fFongey ofthiest three sabriacibs, b6 uctivatet] Haiged Wweulddhei cvnsideted e fleriesg
between the fJjrst | ast finger is.al ess, than the |l ength of one
bank. Cond t1 g6 213 tiepS5es st ropcis % AED 23hq Dibcksii e prohs BitieRFdbod
finger is not sggygah. to the Last Finger Bank in the channel state register
AND (b) the Finger Ofset for the activated finger is _greater than the Last
Fi nger OF f set H#67] he Mepafifar petfermed ik grysenerof ﬂreﬂ%@s]co %emf.%ﬁ@ﬂ??&namh may
be determ ned - t'rg%pa7 | gt F-IVAT | SRAE True
I f Finger Banl?ﬂixgﬁ%%l}gﬁé'tlg L stjoFﬁéﬁﬁﬁ?ﬁ?angg@%ggﬁdﬁﬁg a Tés)gg%t% or
tenporary var nabltee ldamgdlated fsymbolsofofrthe dctivated dgmgeOafes atady sfor esbsagnent or

equal to Last_Finger. CXfset d(3). setti.ng. a third or variahl e
laterjinger a¥{Re gé?(%ﬁ's"f'&%q'mw(l g%ﬁ‘mﬁhlg O&maéﬁ‘l?essgt %a eit;%%f'%gﬁ ¢ The
activated WL i nﬁﬁgeﬂiSdétﬁhﬁlﬁecﬁthébB thetlhe lf%gérl’(mﬂhe d(:jtaﬁﬁel ANy ee dufrehtalofirié ﬂébg?ﬂ ihs
True, in iC ase, ocess wou procee o step 730. [1066] If the
answer for st é‘bg‘ﬂﬁl_“{' sgr%ﬁrsf FEHO g’ierﬁ“FfS‘EtiH?h i§ de _t° e‘Eaﬁfé_r‘P ?lLéCt‘VGpdat e
count is the $aOE; e chimbPRavedSden GRAGK &k 1Y A}er AGkinviakRR. f ENE]Ecdndt ep

724). As WO 2004/112272 PCTI US2004/ 017160
embodiment, the current poll is deemed to be valid if the current last finger is not

detected to be missing OR a full finger cycle is completed since the current last finger
was detected to be missing. The current last finger is considered as missing if the
update count has not changed in one full finger cycle AND the activated finger is not
the current last finger.

[1068] In one implementation of the second embodiment, the Finger Valid Poll of
each active finger is initialized to True when the finger is assigned. The current polt is
then considered as valid if (1) the current last finger is not missing AND either (22) the
Valid Poll is Trae OR (2b) the Finger Valid Poll is False. If the current last finger is
detected to be missing by the activated finger, then the Valid Poll of the channel state
register and the Finger Valid Poll of the finger state register for the activated finger are
both set to False. The False value for the Valid Poll will cause the polls for all
subsequent fingers to be considered as not valid. When this same activated finger is
polled again in the next finger cycle, after all other active fingers have been polled, the
False value for the Finger Valid Poll will allow the poll to be considered as valid, and
the Valid Poll is updated accordingly. The Finger Valid Poll and Valid Poll are thus
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15 noted above, the update count is increnmented whenever an active finger
updates the <channel state register. If the update count has not changed,
then one of the following three scenarios may be true: 1. There is only one

finger assi %989005/? 2tzpze channel; 2. The activated fi nger ngéfgéil’%ﬂl'l?? finger;

or 3. The cur?ént A& f orger has been de-assigned or ny of
these three scenarios, the activated findé would be conS| dered as the | ast
finger and the process woul d proceed to step 730. CIherV\/l se, the process

proceeds to Step .7 an of the three
condi ti ons fo}léegltqcéﬁvs?gff%]&?%gﬂc 913 %g}g& E%tfe elﬁscs e %’gg&%%:ﬁnevfra

finger indi Cabmrfdﬁﬂahtfﬁ;lgHSBdeﬁeaetﬂfmheOﬂﬂsﬁng(\het her or not the denodul at ed
synbols for t d, fi nger are subsequen r.oces

det er ni ned. TE@ﬁﬁa \iﬁ?ﬁ gt fing dp‘@é'ﬁt}" %/lei?ga?é‘g‘”f‘ #‘-‘FLY{?W’B“IFE‘?&S B‘?‘éat ed
finger is detegAhdRdvited Bﬁgérh@t mapbe Iﬁdsﬁgﬁrfoﬂiﬁe tabrevatanipel toWldebhigd S3thE ent

poll is deenmed to be valid. In a first enbodinent, the current poll is
deened to be uew ilestifmgen mdate wbte the rhanns] sfate; Teeisten ser thongly éheplaainfingsr | ed

for |ast fi ”9\%@15&9;15% ﬁ%ﬁs‘&” Tn its F’aasé %?Héhmod%‘iﬁ%&f’ rﬁfﬂﬁﬁs dfg} bR e&g{n{t&ﬁ eéé?' | is

deened to be e current st finger 1s tecte m ssi ng
OR a full fi ngﬂlnﬂﬁe@kﬁwm&ﬂbzﬁrsdbsqmﬁp:bbwsmgrrent | ast finger

detected to b The t f f

the Cupdat o oD hadhes Fo8 3l B ShenoB e 5fHter s JufelEd G ReeE ‘fioi#f'ga't ed
finger is not thetfigecsthte @Bdistbrdk tHel argeited fidddd Jdtep msz;nerhum;idaﬁ@g\mamdwaqf t he

second enbodi ment, the Finger Valid Poll o each _acti ve

initialized tFHpgtheyabis of thediinges [D; Enger fffge gnd fﬁ'é’e’éﬁ?’fkeﬁl‘ﬁl Spﬁ‘flqle fiager hen

consi der ed as sial bl infokbe 18 g Lh#Flinge W85 s Y FgSs Bk O, i t her
(2a) the Vvalid I's True fhe Finger Vaiid Poll 1’s False. [f the

current |ast tispegéively.sof @etoéém:@h Sflﬂtﬁ 1sgisiet, d8) mgramenting thecUpdate &dunti ofgtbe, t hen
the'Val 1 Fol L gl i, E3RClag kg I3l Rol ol B HAAET gL Of

t he finger st & eregls ivate f|n er ar al se.
The Fal se val u‘m:-;flbthebineeﬂt/@bilckd%tdnhlmdtdbmhdandf@aimoﬂmvme all  subsequent

fingers to be i der e vali d. en,t sane ctlvatedfln
ol et aumi o TR0 L Rlpl7 48 Beffortoe pegarclis G wikytper o ok e harge) Satd AsBVer o o
been polled, thgdafeal ﬁﬁst mﬁe%ngbhﬁat&wr fvedhk dotRatdd figes ls%bh@aw{m pol |

to be considered as val |
mformanon from the chalmel state register. This updating includes writing the values in

the Last Finger ID and Update Count fields of the channel state register into the Last
Finger ID and Update Count fields, respecﬁvely, of the finger state register. The
Finger Offset and Finger Bank fields of the finger state register are also updated to
account for the writing of demodulated symbols into the output buffer. If the activated
finger is determined to be the last finger, then the Last Finger Indicator and Finger
Valid Poll fields of the finger state register are also updated based on the last ﬂnger‘
indication and the current poll, respectively.

[1072] The last finger and the last finger indication/flag may also be determined as

follows:

this_finger =True IF the activated finger is the current last finger;
later_finger = True IF the output buffer pointer of the activated finger is later than the
output buffer pointer of the current last finger;
. same_update = True IF the update count has not changed since it was last checked by
the activated finger;
last_finger = True IF this_finger OR later_finger OR same_update;
missed_finger = True IF same_update AND (NOT this_finger);



the valid Poll is updated accordingly. The Finger Valid Poll and Valid Poll
are thus WO 2004/ 112272 PCT/ US2004/ 017160 16 used to wait one full forger
cycle so that all active fingers can be polled whenever the current | ast
finger is detected to be mssing. [1069] The last finger indication/flag is
sent al ong Wi nodul at ed synbols for the activat may be
possi bl e for thgagﬁ%ﬁgat ed finger to be deerred as the n?vix;’[f(%sﬁﬁ}f’ﬂo-’rlé‘ér and
to update the channel state register even!'fhough the |ast finger
indication/flag is False. In this case, the denodul ated synbols for the
activated fin il ﬁiﬁ

[1070] After g?fed O,Fh{taﬁseF anne‘%&ggﬁ e regl VLR& quﬁglg%?%"%ﬁﬁ k
informati on from ﬁh’&uﬁm&;ﬁlgestmhé_pué’gm&mémgﬁatatdﬂaglsmiﬂﬁa&bd finger (step

732). This up nc u _ t val ues.of the Finger ID,

Fi nger Off set dlasér{%%ﬁrﬂé léﬁnlgl%‘?g{wé“g ?mi"%ﬁyefmﬂ'state register into the
Last Finger ID, Last Finger Ofset, and Last Finger Bank fields,
respectively, [®073]he Aha-mhelprscteasmg fexgihs tavtivatdd2fingen de exmipletedy thehﬁall

Count of the channel state set n e Valid.Po ield

of the channel®§us %rerlﬁﬁ'f‘é?dei’y%e tﬁ’l*g‘?fear}fa% gLP Qﬁ'ﬁ ‘%ﬁ?th Fybpls, edzintﬁ’ed to

be valid and tdafmi ﬁ&nsérhg)%esautpﬁtlﬁlm} SRR ahd Q4 d) ?egﬁtffﬁﬁﬁﬁﬁdkmrdt&ss of
at ed

whet her or not the channel state register is up In step 740, the
finger state rebgmnst apmbey is hiedater fefermine Fhicheuipul mg%ttewtwlﬂme%Mt i on

fromthe chan gfﬁgé t #J@% %!;QM V¢ ues
In the Last higgérdgﬁeﬁ) nd 1% 3a?8 ts‘uorlft?fg e tglglsogé‘dtﬁg&c ar#r?e lﬂgﬂtgae'?g r(gflgl ster
into the Last thF|omyat bmrauodstdupba@mnﬂ}ﬂu rhhe ﬂebrm‘}ddta;tedr sapeis. i Ték youtpof buffer
Finger ot at o VBgNvEAeed o e AiRae e oo e IR oo A FRCRER At
denodul at ed SYFIBOLS ahd@@ctithd abobvdout buf f er. If the activated finger is

determ ned to be the | ast finge n _the Last Finger_Indicator and Finger
Valid Poll fidif#lof ‘FPnQJQF’Ss?%ﬂc gal%keé?%’%é’ Oé.%l‘:g‘? T 5@ wherelys d@alon t he

last finger iQdicaRhicd3yabsls bRGn&RES Rtk lagpﬂiﬂger ﬂ%’%p%ﬁk Y8 may g@&aler Eﬁﬁ( | ast

finger and the last finger indication/flag be determ ned

fol lows: this 40agef20 mile. #€. tThe dampdvu@tprémbqlmmowdgd bhéhecﬁngeemocesa@t
fi .| at t ted
i nger 15| at dot PREEIGel tilfel el EnRUbEN ik Wilel BeOY 6L ol BEplogl °C

section of the bank, as 1ndlcated by the output buffer pointer for the activated finger.

For example, the pointer F5 may have been advanced to the location shown in FIG. 4D
after a segment 446 of demodulated symbols has been provided to the output buffer, If
the last finger indication/flag is True for the activated finger (i.e., the Last Finger
Indicator is True), then these demodulated symbols are marked as final demodulated
symbols after accumulation in the output buffer. This marking is indicated by the “L”
last finger flags in FIG. 4D. Processing by subsequent stages can commence on all final
demodulated symbols marked with the last finger flags.

[1075] As noted above, there may be instances where the current last finger is
missed (e.g., if this finger is removed). Thus, it may be possible for the output buffer to
have discontinuity in the last finger markings. For example, the demodulated symbols
in section 444 are older than the demodulated symbols in section 446 but have not been
marked because the last finger was missed for these symbols. In this case, if the newer
demodulated symbols in section 442 are marked as final demodulated symbols, then the
older demodulated symbols in section 444 are also marked as final demodulated
symbols (not shown in FIG. 4D). The processing by subsequent stages can then be
performed on all demodulated symbols up to the latest ones with the last finger

markings.



sanme_update = True |F the update count has not changed since it was | ast
checked by the activated finger; lastfinger = True IF thisfinger OR

| ater _finger OR sane-update; mssed finger = True |IF same update AND ( NOT
this_ finger); WD 2004/112272 PCTI US2004/ 017160 17 validpoll = True IF (NOT
m ssedj nger ) wONRliyRhi d pol I in the channel state regi st gepaisSpodob8seR
finger_valid poll in the finger state register is False);

| ast Ji nger _indication = True I F last-fl ng@r AND validj,oll. [1073] After the
processing for the activated finger is conpleted, the followng outputs are

provi ded by t | NQQL.: . pe £ | .S t

channel nunbe ,7%13) ?{ﬁ%"fé‘ﬁ‘%’ba ﬁﬁgﬁcg%i Pgegqeg'?ggl,g%gﬁﬁdpe %ﬁfﬁggeg }ft’zlahs"%gz%%sn%e?

i ndi cati on. THescribguafion&ie uplinbér a COMA edmimomieti@r systee. Wordhis dmplenientatidif, er t o
store/accunul gte the denodulated synbals. The output, buffer i nter i s used
to deternine irﬁlﬁggee%qsﬁ'(?ﬂs B#tﬁeﬁlﬂge%ﬁ{]&ftchﬁﬁef g %@"@FS&E?SQ%’E AP he
denodul at ed syatsa! gointdee IaUepkial, Db FaitiveRkifibey of thelfddeftethal betdterindger

O fset and Finger Bank far the enbaodi ment shown in FIL G 4C and descri bed
above. [1074] bied, onypthepdndicalions sk 2826% SRMBlR fhe afiies el teogesprradiany

final  denmpdul %@M&@d%ﬁtﬁtﬂ@ﬁé@g Wi bufbut Biitter LIRSS diFRRA: d X may
be either bank&fu428a or 420b 1n FI 4C. tl[iPr‘lle d(frrmdul a{le{li’ synbol s rgl\%/t?ded by

the finger precgsewsssed faydifférentfmgers foragitansgationaf @ fraweynod ssed wi t h ot her

denodul ated s S i th roper. secti.on, of ank, as.indicated by the
output butfer Wt orthp R ARG 3Bling e Py O prtFied 31 Ko S SRR andY o1 e
may have been thigsasgieal theosdope of thedhvention hDifferem ilnplemedfationf éfthe tasE figgeent 446

of denodul ated synbol s, has been provided to _the output buffer. |f the |ast
finger indi caPPHREMaGDT moFp gl Tomn diftrpent PREEPTPPaIERsy implergentation | Mok

Finger | ndi caimiplé Sorls pahilelldafiddhiBRs Qesigiestnl iadiotuaymdel fadhe fpané&gaas
final denodul at edp synbol s _after accunulation in the output buffer. This
marki ng i s i n@PEEwesdpshingendetenminatiog gpit fhaphigextefabigdhe fingerss 4D, Processing by
subsequent st ca al 1. i u d with
the last fi ngigﬁ?l ang.h g?%?gig lAngrl\lg e%é%@géseﬁﬁﬁs‘}eﬂ%géab?%ugn@&&her e

t he current | aemmhinicgten systemsi Forcxample .these techiiigesfmaygleer used in €AMAdJYme Thus,

it may be possibl.e for.the out ffer to .have discontinui o the | ast
(i nger mar ki nabieis,poliple et CHAMAY it o BirRBhEER toeie' (b, 'ahs
other wireless communication systems. A CDMA system may implement one or more

standards such as W-CDMA, IS-2000, IS-95 and IS-856. A TDMA system may

implement one or more standards such as GSM. These standards are known in the art.

The techniques described herein may also be used for downlink transmissions as well as
uplink transmissions.

[1079]  The polling techniques described herein may also be used to determine other
parameters. For example, these techniques may be used to determine whether or not a
given channel is valid. Polling may be used to efficiently determine various parameters
when multiple fingers are operated independently.

[1080]  The last finger polling techniques described herein may be implemented by
various means. For example, these techniques may be implemented in hardware,
software, or a combination thereof. For a hardware implementation, the elements used
to perform the last finger polling (e.g., last finger determination unit 220) may be
implemented within one or more application specific integrated circuits (ASICs), digital
signal processors (DSPs), digital signal processing devices (DSPDs), programmable
logic devices (PLDs), field programmable gate arrays (FPGAs), processors, controllers,
micro-controllers, microprocessors, other electronic umits designed to perform the

functions described herein, or a combination thereof. The memory unit (e.g.,



in section 444 are ol der than the denodul ated synbols in section 446 but
have not been narked because the last finger was m ssed for these synbols.
In this case, if the newer denodul ated synbols in section 442 are marked as
final denodul ated synbols, then the ol der denodul ated synbols in section
444 are al sOVRBYREE2Es final denodul ated synbols (not sRORUSRG4/FTGO 4D) .
The processing by subsequent stages can tfgen be perfornmed on all

denodul ated synbols up to the latest ones with the last finger markings. WO
2004/ 112272 PCT/ US2004/ 017160 18 [1076] For clarity, a specific

i npl ement at i odempdduidter therseryR260)esed oitdre thy fingsr dsd ehanngdbstate ifemhation malgde upl i Nk

in a COMA conmuni cat.i st em_ For t relative
positions of F?P!elel:fl? (P?"tﬁ¥?‘f1cfuﬁénegf?§¥l&%omrgle%(§s%asmdﬁg‘gﬁgﬁf T hei r out put
buf f er poi nt e(1981] n @eﬂamhwaf&ﬁnpmhaitaﬂoﬁ, ﬂmslastlﬁnger 96111h@&nzfyl g eerforiiy be
determ ned based on .ot i ndi cati g@g such , n%)l e, the_ offsets of
t he despr eadi ﬁ'&ﬁ wadiles ‘é%" PEUEEYTSS, SlgneHionH S‘?l é) |Tsi‘ﬁ HHOf er

of fsets (if dtlésf:ﬁﬁe%'ﬁeréiﬁ‘t @h&ﬁg{?&ﬁhéfor%ﬁ @%&?Sﬁl%%@%oﬂle kcfcfeﬁrsﬁ&&nfﬂﬂ%ers for

a given section of a frane), and so on. ast finger polling may
al so be per f ofhway beimplemensechwith seftwase modulay Therfofwiers cadeshinay bhetorsddpe of
the i nvention n AL f r may be
nore suitabl emfegr‘J %f"rﬁe e@gﬂﬁ?ﬂ#\?{ﬁger {Briggiésgg? ; aﬁ%’{l c?§§ec{1ﬂe{f%§' P rB%sLdr'w%anpl e,
for a paral | ebomeitedlfdOqt Bits desiopyunitmeybd inghlenetted| withim the provassober gxedrhatd by a
common | ast finger determn bon unit that is.external g(g@tple fin ers

[1078] The | alt B PIRFETSOR T MRIGY B AR THRSP SIS Y 158UR ﬁpréF gug?

Wi rel ess  COMyiYus AldafasSy RidiBin thedirt. exarrpl e, these techniques may be used
in COMA, tinme division nmultiple access (TDVA), frequency division nmultiple

access (FDMA) [1083H @ﬁ@rekuﬁ dpssptionphibmdisdiessd ﬁm§9<§fﬂéﬁ*§ is moeéﬁwwsb egm may
i npl ement one I&ﬁeﬁnﬂfirtﬁlé a§t“&h ke VECIMA i d Q%O %0%5 aﬂ dus- 856.
c ese

A TDVA system errent one or nore standards su
st andards ar eniodlﬁmtmm t¢ iese embodifbmgs walt he regdidys appesnt tob%dsdﬁﬂbdnnﬂmyaral so be

used for downli transm ssion S Ll as | i,n NSM.SSi O 9] The
botling t eonnPite RER SR Seifed Wicn AR p¥ o s SERP TR i,
paraneters. Faépatiifpd® thd pistor opuoftitie savamyonb ETHIS Sille ipeesarttinventioe isruet her

or not a given channel is valid. Pqg|ling show%/herem%sed to efficientl

det er mi ne var pgqpéle%gpr%{gpéquto the embodiments ut 13 to be accorded the wx)éest

scope consistent with the principles and novel features disclosed herein.

[1083) WHAT IS CLAIMED IS:



when nmultiple fingers are operated i ndependently. [1080] The | ast finger
pol l'ing techni ques described herein may be inplenented by various neans.
For exanpl e, these techniques may be inplenented in hardware, software, or
a conbi nati For a hardware inplenentation, the elements used to
performt hequtszﬁb%b?ﬁgzer polling (e.g., last finger det er%cﬁﬁ{%?%ﬂo{?ﬁ%t 220)
may be inplenented within one or nore apfl i cati on specific integrated
circuits (ASICs), digital signal processors (DSPs), digital signal

processi ng devi ces (DSPDs), progr ammbt:is%ﬁ@gi c devices (PLDs), field
programmabl e gate arrays (FPGAs), proc P controllers,

m cro-controllers, mcroprocessors, other electronic units designed to
performthe functions described herein, or a conbination thereof. The
menory unit (e.g.,1WD 28d4vitd BriPIcHeteBRINO 4 131 Fdg0 on i Shateel) derhpristug: menor y
260) used to store_the finger and channel . state information . may be

i mpl enent ed with vAPTEEY Wmvgg%ﬁ?f% ieé.%f?)%zgwn gﬂggﬁ}i‘anﬁfl %(?tagnd so on.
[1081] For a sifbinviibe foraplaakRioffingds of the chagtl; iidrger pol ling may be
performed wth nodul es eé‘%., .procedures, functions, and so on) that

perform the functi bl nipetea (ki) unitaperstivg ool ek of thy plutality ¢fger
pol1ing (€. 9. finkhie dRicRRRS SviblheNGk R lpiled gof R Ynd et iHRLAERAS Bkl 1
sof tware nodul es. 'The software codes y be stored in a nmenor (e.g.,
menory unit 1&a2sedn BleGgite information foythe chrmeland dhdstat infomansion Gr t{&apcgl.e,
controller 16Q). Thi ' " eqent L 1 [ gcessor or
external to %ﬁ%erb%g(ﬁ%@g%gﬁﬁftﬁ@&? ﬁ@é?%%&??é%%{'lfbegqg‘({);‘ﬁ’r%ér%lg}’éa e\feflgh coupl ed
to the processhannelia various nmeans as is known in the art. [1082] The

previ ous description of the disclosed enbodinents is provided to enable any
person skilled in the art to nake or use the present invention. Various

nodi fications to these ERQAHARIERIOM | furth® coBpding: apparent to those skilled
in the art, and the generic principles defined herein may be applied to

ot her enbodi nents #ileasbene fngsnproeessy OPPremettﬁ@nelmnpmtthwlu@ixamf fwpeshe

i nvention. Thus, the present invention is not intended to be limted to the
enbodi nents shown herein but is to be accorded the w dest scope consi stent
with the principle8 andlieolexicefof alim 2.swhtreir the sbidasi onefinger paBeBdr iIWHAT | S

CLAIMED | S: nge%‘gtgvdé/t% ianlp anmeﬁ%_é H%rzaggﬁc{f%]ﬁéér? Qs;ing2 gme division multiplex (TDM),

and wherein each of the plurality of fingers is polled when implemented by the at least

one finger processor.

4. The device of claim 1, wherein the state information for the channel

identifies a finger currently considered as the last finger.

5. The device of claim 4, wherein the polled finger is deemed to be the last
finger if the polled finger is the finger cutrently considered as the last finger.

6. The device of claim 4, wherein the polled finger is deemed to be the last
finger if the polled finger is later than the finger currently considered as the last finger.

7. The device of claim 1, wherein the polled finger is deemed to be the last
finger if remaining ones of the plurality of fingers have been polled and none of the

remaining fingers is deemed as the last finger.



CLAIM5 1. A device operable to determine a |ast finger on a channel,
conprising: a nmenory unit operative to store state information for the
channel and state information for a plurality of fingers on the channel;

and a | ast f] r rmnation (LFD) unit operative to ach of the
plurality of""Bg?"ﬁ’dg’ﬁf determ ne whether or not the poll glrjfuls 03@4)17-@ t he
| ast finger on the channel based on the Ztate information for the channel

and the state information for the polled finger, and indicate whether the
polled finger is determined to he the last finger. on the .chanpel. 2. The
device of claim 1, ®fur %ggﬁ’ﬁﬁ&mg’:%ﬁe‘?ﬁ’ﬁg&%ﬁg’@ﬁwr soaoels
operative to uffiaI®it the BRtehfoiahtidryfopthe bollddinBer if the pblled Heyer eieoied hai M 2,
wherein the at | east one finger processor is operative to I nplenment the
plurality of fheladfissising tine division nultiplex (TDM, and wherein each
of the plurality of fingers is polled when inplenented by the at | east one

finger processor. 4. The device of claim1, wherein the state information
for the channel i 8entiThedvigeof plgm 1.cvherdmthe\L. FEourdi id g aperative td ast

thetast 11 ngepey pegad pfpRiator PR e IRl oo HBIRERUSRTER, oo oS

the | ast fingehannel. The device of claim4, wherein the polled finger is
deened to be the last finger if the polled finger is later than the finger
currently considered as the last finger. 7. The device of claim1l, wherein

the polled finger i§ deerPdbvice oPelaid®, WiRkPdin fHeNF®Y urli is FETRE BhstiveReS of the
plurality of fingers have been polled and none of the remaining fingers is

deermed as t he indicate whethys symiwls progited by fie poldfingsp@e 4¢ady farsmbseguer. The
devi ce of cl ai \rg/perei n the state information for the channel is updated

with the statgp%c%‘dfsgl mation for the polled finger if the polled finger is

deened as the last finger. 9. The device of claim1, wherein the LFD unit

is further operati to,. update.the state.ipnformation for.the polled finger
based on the stat er'nf o MEViss of glpp i'e“?heﬁ‘ﬂ%ﬁ‘:’?éfa.temhmamnfm ¢ channefis
stored in a channel state register, and wherein the channel information for each of the

plurality of fingers is stored in a respective finger state register.

12.  The device of claim 1, further comprising:
an output buffer operative to store demodulated symbols from the plurality of
fingers, wherein demodulated symbols from each of the plurality of fingers are stored

over or accumulated with existing symbols in the output buffer.

13.  The device of claim 12, wherein the demodulated symbols from each of
the plurality of finger are stored or accumulated at a different starting location

determined by an artrival time of a signal instance being processed by the finger.

14.  The device of claim 12, wherein a first finger on the channe] is
determined based on a pointer maintained for the first finger and a poinier maintained
for the output buffer, and wherein demodulated symbols from the first finger are stored
over existing symbols in the output buffer.

15.  The device of claim 12, wherein final modulated symbols are obtained in
the output buffer whenever existing symbols in the output buffer are accumulated with



10. The device of claim1l, wherein the LFD unit is further operative to

i ndi cat e whet her synbols provided by the polled finger are ready for
subsequent processing. 11. The device of claim1l, wherein the state
information for the channel is stored in a channel state register, and
wher ei n t he WRAWHA&122T2nf or mati on for each of the plurali PETER20¥MGEOs i s
stored in a respective finger state regi gper. 12. The device of claim1,
further conprising: an output buffer operative to store denodul ated synbol s
fromthe plurality of forgers, wherein denodul ated synbols fromeach of the

plurality of ¢4 desymibels Srogtithe dastfings, aa@@bﬁmmetheﬂnwdpmélﬂatsﬂ Fympads/nbol s
in the output 2, wherein the denodul ated
synbol s from aelgcaﬁ%a}%? %%Ie]g %ﬁyg?%\é{l&g%& %ger iIre stored or accunul ated at a

different starting Iocation determ ned by an arrival tinme of a signal

[ bei he, f The .dev wh
21Tt Tinger on the ke PLoSOt methie RIEH bRl s Codf it nea

for the firstMultigheAc(CDNMA) Béruiibdtidhaystesl for the output buffer, and
wher ei n denodul ated synbols fromthe first finger are stored over existing

synbols in the output buffer. 15. The device of claim12, wherein final
modul at ed synbol s gre Siahd LSl Ng
synbols in the out%Lt gﬁ{‘e? gﬁ%ﬁ%&iﬂi&@@g&%@ : %%&gg,fafqg %blﬁ]tk

PCT/ US2004/ 01346 Gansgdssibarfroohu b termihabiprthoCBMA mmmhscat@stsydmmger, and wherein
the final denodul ated synbols are marked as being ready for subsequent
processing. 16. The device of claim1l, wherein the device is operable in a
C?del Di vi si60nWhlvuI 18. pl ﬁrhéelﬁass{:$d1m9ﬁ!)6 emmigrthe:aianm csllye“spﬁmsctlazclox?}ﬁnﬁ]kdevi ce

of claiml erein _the channel corresponds to plin ata transm ssion
from a term ndfte FrapspyissiondigRn aldpastiprecess ﬂloggg{hgﬁﬁ)% CORRIRAIPR BB | ai m
16, wherein the channel corresponds to a downlink data transm ssion from at
| east one base station in the CDVA conmunication system _19. The device of
claim 16, wherein the dbwhleciserpiaainakt, shersipgheGD TafFERCaiopsEEA,. | S- 2000,

CC):rDI\/IIAS- 95. 20-i:éplgﬁéﬂt&ﬁr-eﬂm%ﬁob@,09%-95.”‘ ne | ast f.i nger on a channel in a

r—rm_

20. A device operable to determine last finger on a channel in a CDMA
communication system, comprising:

a memory unit operative to store state information for the channel and state
information for a plurality of fingers on the channel,

at least one finger processor operative to implement the plurality of fingers using
time division multiplex (TDM); and

a last finger determination (LFD) unit operative to poll each of the plurality of
fingers whenever the finger is implemented by the at least one finger processor,
determine whether or not the polled finger is the last finger on the channel based on the
state information for the channel and the state information for the polled finger, and

indicate whether the polled finger is determined to be the last finger on the channe}.

21.  An apparatus operable to determine last finger on a channel, comprising:

means for obtaining state information for the channel;

means for obtaining state information for a polled finger, wherein the polled
finger is one of a plurality of fingers on the channel, and wherein the plurality of fingers

are polled to determine the last finger on the channel;



communi cation system conprising: a nenory unit operative to store state
information for the channel and state information for a plurality of
fingers on the channel; at |east one finger processor operative to inplenent
the plurality of fingers using tinme division nmultiplex (TDM; and a | ast
finger detengynmlijp;{LFD) unit operative to poll each 01} Ir}ﬂ@zo%#/b‘ﬁ?éoi ty of
fingers whenever the finger is inplenmented by the at IeasF one ‘T nger
processor, determ ne whether or not theZolied finger is the last finger on
t he channel based on the state information for the channel and the state
information for t lel e L haer I ncki h finger
is determned to E&ge@%é‘&l daétsegﬁlfnl%r%g%krw%%g ! %ﬂ%eﬁ%%lﬁ%ﬁﬁ&%ﬁﬁa%a@ﬁ%%%% g‘?glg

oper abl e t o detamnehibasdloashe dtata ipdormatiomfor wrvheine! asithe statergformatiea fier thor

obt ai ni ng st at 1i ormatjon for the channel; neans for obtaining state
information B e&%‘&?fr finger, wherein the polled finger is one of a
plurality of fingehsaneforihdicaiingwiether B goNddeingeris dberrpined @l belthe 1aét finkarger s
are polled to determne the last finger on the channel; WD 2004/ 112272

PCT/ US2004/ 0191 %@ chamickheans for deterni ning whether or not the polled finger
is the last finger on the channel based on the state information for the
channel and the state information for the polled finger; and neans for

i ndi cati ng whet her22. he Theldppatati ofdaimi 2, Guther cvimpeidingd be the | ast finger on

t he channel. 22. The apparatus .pf .clai.m 2 urt her c i.Si ng: neans for
updating the stat emF??r“’g& ?%’W"ﬁeo tatfﬁgoﬁéﬁlﬁgqr%ﬁ%ﬁig%t@ets gei nf or mat i on
for the poll efhfdrmaged for theigotlepfihger if the prdied fingerdedevrttd as tHelsst fingdr. fi nger.

23. The apparatus of claim 21, further conprising: neans for updating the
state information for the polled finger based on the state information for

the channel. 24. The apRRiRpsstu®bf Ghidi a0 fukihef donigtRingCONPri si ng: means for
i ndi cati ng whet her synbol s provided by the polled finger are ready for

subsequent pr ocessingins fompdating the efe inferanagion &uithe radled fingirbgsed on the state
information for the channel.

24.  The apparatus of claim 21, further comprising:
means for indicating whether symbols provided by the polled finger are ready

for subsequent processing.

25.  Anintegrated circuit comprising;
at least one finger processor operative to implement a plurality of fingers using
time &ivision multiplex (TDM); and
a last finger determination (LFD) unit operative to poll each of the plurality of
fingers, determine whether or not the polled finger is last finger on a channel based on
~ state information for the channel and state information for the polled finger, and indicate

whether the polled finger is determined to be the last finger on the channel.
26.  The integrated circuit of claim 25, further comprising:
a memory unit operative to store the state information for the channe} and state

information for the plurality of fingers.

27. A base station in a wireless communication system, comprising:



at | east one finger processor operative to inplenent a plurality of fingers
using time division multiplex (TDM; and a |last finger determ nation (LFD)
unit operative to poll each of the plurality of fingers, determ ne whether
or not the polled finger is last finger on a channel based on state

i nfor mati on YO?*¥d2%hannel and state information for thPFHREYHYer, and
indicate whether the polled finger is deggermned to be the last forger on
the channel. 26. The integrated circuit of claim25, further conprising: a
menory unit operative to store the state infqormation for_the channel and
state i nformati on®flest Ppecfingerprasessar oppratiysigdmplement a plusghityof fingers.on in a

Wi reless comMypiofial LR oBite pRAALIF B RideN if Bperiift %%éée}égai}f%reﬁﬁﬁﬁidﬁmoélf 017160
24 at | east one finger procCessor operative to inplenent a plurality of
fingers, wherceiponsatfor athannel; gidurality of fingers is operable to process a

different nultipath nt .for . I fd R

determ nati on (EFDflaﬁﬁiR@ggéga |a§lgn?1(‘)1§ﬁpglﬁzpte %o'g%agi@%p%%ll:e%%l} ?Jt‘rtg‘?ﬁu?ahgf of
fingers, det effpee, deteehinewhethenatnot the pphitd fihef isrige fing® ohad ssbéiagdr on an
associ ated channeJ, based gn.state ipformation for the associated channel
and state inf Sﬁwﬁi l?fﬁgdfscﬁ’rs"ﬁ? WZ"‘B’&P?%E’I %eﬁ@@c}ategﬁgaqqt? ale fpfrmation fo5e

pol I ed finger thepotied BhgerN@d iddicdaewhdiBertiRsfolled FRFR s MlerfltRd 35 5Ot Msed
channel. 28. Atermnal in a wreless conmunication system conprising; at
| east one fi ndagermndhessseriatethehaprdlye to inpl ement a plurality of fingers,
wherein each of the plurality of fingers is operable to process a different
mul tipath conponent for a channel; and a |ast finger determ nation (LFD)
unit operative to P&l | Aademind it siwirglessrcahntunicafion fyistege cempribidger m ne whet her
or not the polled finger is last finger on an socj at.ed.. channel based on
state infor Ironatti on FQP%FH%B %&gg’bﬁﬁoﬁ"tﬁﬁ Bﬁrﬁﬁ N ‘%ﬁ%@?‘aﬁ@%ﬁcﬂl}%ﬁrﬁ’n for the
pol | ed finger whath edeH of tik plumdity bEfindefseis ppdrhteltd prog@ed a fisferbat @tiNipaad to be

the last finger on the associ ated channgﬁ 29. A nmethod of determ ning |ast
finger on a ciampeent for gchyopel gids  communi cation system conpri sing:

obtaining state i nf@Ride?Betb:Mindtid8 (CRB RS operative to poll each of the plurality of

fingers, determine whether or not the polled finger is last finger on an associated

channel based on state information for the associated channel and state information for
the polled finger, and indicate whether the polled finger is determined to be the last

finger on the associated channel.

29. A method of determining last finger on a channel in a wireless
communication system, comprising:

obtaining state information for the channel,

obtaining state information for a polled finger, wherein the polled finger is one
of a plurality of fingers on the channel, and wherein the plurality of fingers are polled to
determine the last finger on the channel;

determining whether or not the polled finger is the last finger on the channel]
based on the state information for the channel and the state information for the polled
finger; and

indicating whether the polled finger is determined to be the last finger on the

channel.

30.  The method of claim 29, further comprising:



obtaining state information for a polled finger, wherein the polled finger
is one of a plurality of fingers on the channel, and wherein the plurality
of fingers are polled to determne the last finger on the channel;

determ ni ng her..qQr not the polled finger is the last_finger on the
channel bagﬁgﬁ%ﬂﬁVﬁﬁ state information for the channel QGHUgWQ“@WHTe
information for the polled finger; and i24dicating whether the polled finger
is determned to be the last finger on the channel. 30. The nmethod of claim

29, further conprisi.ng: 2004/ 112272 PCT/,US2004/017160. 25 updati t he
state infornation‘ﬁgggﬁﬂ%g%%ﬁﬁﬁévn%f?'°ﬁ g chapne gﬂ@ﬁ%%%ﬂﬁp?%ﬂmggp?rﬁgg pol | ed
finger if thepqietifiagerfif thepolldatirperiddenié dslilee le@Fingér nger . 31. The net hod of
claim?29, further conprising: updating the state information for the polled

finger based on the state information for the channel.
31.  The method of claim 29, further comprising:

updating the state information for the polled finger based on the state

information for the channel.



