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SPACI NG ENVI RONVENT BACKGROUND OF THE | NVENTION Fiel d of the Invention

[ 00011 Thwopresmhs i nvention relates generally to Code Di wcgiuso2/hest i pl e
Access comuni cations. Particularly, the present invention relates to tine
tracking received signals in a non-negligible nultipath spacing
environnment. Description of the Related Art [0002] Code Division Multiple
Access (CDMA) communi cations systens use base stations coupled to
directional antennas that are typically located in the center of a cell
and broadcast into sectors of the cell. The cells are |located in mjor
nmetropolitan areas, along highways, and along train tracks to all ow
consuners to AdIMETRACKING N étNQUnﬂE&HdGE%UFeMUIaVHM'ﬁ&SII@@DW FIG 1
illustrates a block di agram of a tENVERONMENDase station. The wuser data
is input to a nodulator (101) that perforns the CDVA nodul ation prior to
transm ssion on the single antenna (105). The CDVA nodul ati on technique is
well known in the art. [0004] The base station transmts a pilot channel
that is received by a nobi [ ' |, conprised of
synbol s, contains no inf or#rgpi]%h.ﬁ% %@F%léimﬁﬁ%ses t he pil ot
channel as a reference signal for tine, frequency, phase, and signal
strength. [0005] Mbbile stations are conprised of RAKE receivers. A
convent i onalFiel@afithe bnventien operates on received signals with correlators
known as "fi hS". i.n he .kn of e .eoeffiglents of
each desi re(! rru]ti pat Hl{%ec%ﬁ%eggé?}Ye%Y\ﬂtoﬁgg%A?Egeﬁ%g%!yvér e@%ﬁgﬁ ghsfq%y%déﬁ%gnes
finger outpwesy €idlinilatidnaCRarticalgilgmhefprésehy Mivemtion¥ddes RCking @fackihig
illustrated in FIG 2. . For purpaoses of clarity, only one finger of the
recei ver i s reIshiEd.sigmls ip @menviegligibleyyyltpath srassig EFPUZGDY 00682

Description of the Related Art

[0002] Code Division Multiple Access (CDMA) communications systems use
base stations coupled to directional antennas that are typically located in the center of
a cell and broadcast into sectors of the cell. The cells are located in major
metropolitan areas, along highways, and along train tracks to allow consumers to
communicate both at home and while traveling.

[0003] FIG. 1 illustrates a block diagram of a typical CDMA base station. The
user data is input to a modulator (101) that performs the CDMA modulation prior to
transmission on the single antenna (105). The CDMA modulation technique is well
known in the art.

[0004] The base station transmits a pilot channel that is received by a mobile
station. The pilot channel, comprised of symbols, contains no information. The
mobile station uses the pilot channel as a reference signal for time, frequency, phase,
and signal strength.

{0005] Mobile stations are comprised of RAKE receivers. A conventional
RAKE receiver operates on received signals with correlators known as “fingers”.
Using the knowledge of complex channel coefficients of each desired multipath
component, the RAKE receiver coherently combines finger outputs.

[0006] A block diagram of a typical RAKE receiver is illustrated in FIG. 2.

For purposes of clarity, only one finger of the receiver is shown. The receiver is



2 conprised of an antenna (201) that receives the signal for conversion
fromthe received radio frequency-to-baseband frequency (205). The base
band dat awoazaébyital data stream [0007] An initial timeTdsbayest, is
chosen (210) and the digital data streamis despread by nultiplying (215)
it wth the original spreading sequence conbined with a Walsh code. This
is referred to as cd(n). [0008] The despread signal is correlated by
summing (220) it over a synbol tine (64 chips). The conpl ex signal output
fromthe correlator is nmultiplied (225) 2with an estimate of the pil ot
signal, P, in order to rotate the phase of the input signal. This step
out put s t hecdmpuoded af @d ata¢rma (200D Hat Iracqyegsathieedigndlt for tcopvetsiondindmt thon at

time t, the digital .data stream.i so de ed hal f hip prior to
1 "and hal T rebeti gocip deugicy o Spisband ey ) s bandgfals Gl
woul d be beghiatsgesamp! € the waveform at the peak during the on- tine
sanpl e. However, since this cannot always be acconplished, an early sanple

is taken afdki nat elAn iniid timecdalgy, i isechipesno2d0) ard the-digited detingiteemaind a
| ate sanple s taken r.oxi ely..half a.chip tine after the.on-ti

sampl o T oofbPraa et muRRRnE (I & wier Ty opfRitl sPesiE sfareSiaorintl wf3, e
digital datg wslkk 8 ThisSs Pférkddrblag8,(0)240 and 245) with a conbination of

t he sane spreadi ng sequence used in the denodul ati ondEat h and the pil ot

Wal sh code. [6008% i s r dherdesnteadsiged it perglated hysummiga P20)at evarcr syented ed

250 d 25 h i f i i . d
62 . L0011 P (e i) TR LR SlaraR kol DR il priel RMABHled f22) "
di fference @l WeRAMaREANOPRORIMESP, i'nhr&é}ﬁo dbthieQhE PR&e lof teGhPut sigdhgl.

initial estimate for 't was accurat e. the difference i1 s other 1han
zero, this dhismtep autputpthe demodulatedalatar acki ng | oop (275) to generate a new

i estimte. finger tracks.jts assigned siqgnal path.usi the t.inme
tracki ng. Lo 7s) "Bgh epFbvith e fiieedifiars diesale iEtal Afte LERRAE "t o
time. [0012]s, amoaRRYRr 1dEES em?gﬁko; & §ia€halPey {iiRp ARePE GHBRIEtd bdRrAE aCki ng
if the single base station antenna of FIG | is used. However; if the base
st ati on usemaatemnge tditwerndd by besaso sdrhpis ttheatvereform &t Be @ak tlurmeg theamki ng
beconmes nore conplex _in a non- . . .

time sample. However, since this cannot always be accomplished, an early sample is

taken approximately half a chip time before the on-time sample and a late sample is

taken approximately half a chip time after the on-time sample.

[0010] After the £0.5 chip delay blocks (230 and 235), the delayed digital data

streams are multiplied (240 and 245) with a combination of the same spreading

sequence used in the demodulation path and the pilot Walsh code. This is referred to

as cp(n). These signals are correlated (250 and 255) and the magnitude of each signal

is then squared (260 and 265).

[0011] The squared magnitudes are subtracted (270) to find the difference

between the two energies. If the difference is zero, the initial estimate for T was

accurate. If the difference is other than zero, this error is input to a time tracking loop

(275) to generate a new T estimate. Each finger tracks its assigned signal path using

the time tracking loop (275) by controlling the finger’s location with respect to time.

[0012] The above-described receiver performs adequate time tracking if the

single base station antenna of FIG.1 is used. However, if the base station uses antenna

diversity, as illustrated in FIG. 3, time tracking becomes more complex in a non-

negligible multipath spacing environment.



negligible nmultipath spacing environment. WO 02/061963 PCT/ US02/ 00682 3
[0013] FIG 3 illustrates a typical prior art base station where the nmain
data si gwealo2ios19smput to a nultipl exer (301) before bei ngpPardishzome2 (305
and 310). The nmultiplexer (301) switches the data between two or nore
nodul ati on paths (305 and 310). Each nodul ation path (305 and 310) is
coupled to a separate antenna (315 and 320). [0014] The antennas are
typi cal ly geographically separated such that the received signal at the
nobi | e station has approxinately the sank tine delay with independent

fading characteristics. The nost comon nethods for nultiplexing data at
the base st d0Bh are d16hdgHnsirates abPifal POPY att dpse statien Bhareethyimain data

Panam Ced ST i 06 ELh ABBEKer(RTT Bhborc U BE Sy SEATHR: 2nd AP BRI

transmtted weeh ran enna enna is
transm tti ngnétipliekére(36 n) switkiea til @wabemhat twe oamdrdmetulafion pethsed0s hat a
signal . For exanpl e, rst synmbol of main data signal is transmtted
on the first 19}1{%%&10@1%@@@4@ SPrizad 3.1@ ltSrcaHglﬁil {9 A deRrate @Rienag (Hi@nd

ant enna, ane_l,, third synbol is transmtted on the first antenna. In this
manner, if t%e'rmbi | e station | oses data fromone of the antennas, it only
| oses every [0@14I1|er sy rithel araemhaararertypilcaldaorgeegmphinalﬂy)lsbparetedasmohahateﬂte for

the loss. [001 pace Tine i ng schene nsmts so i nformation
bbout * each TEETIEALy B dhe FRSHE A S APPHOGIEIEH e ShSk S Jokt "o

nobi | e st at ijgqe \éﬁde‘nt fé?ﬁn% Ehat R RGiks. Wh%hno'ﬁ cbBavh B fok 'ﬁﬁ;l@ﬂbﬁﬂ@@ﬁtaat al l
ti mes and, theref ore continue to receive uninterrupted data. [0017]

A probl em ot thedagtheation m&ﬂheg@maéﬂ‘rmmst Digessity and Sa@ethnmsrpeeaﬂmack on the

signals fro h bas St&, on Lransmt antennas,  an t paci ng
Fronal e e omVBID ofS g Gridibahl BARMhY FARGERNShenfi il He RS icBP
spacing is ldatsbethédh the@anghitmﬁbennﬂ@m thei each Qﬂb'xh{al i9grafSaHtinOs dﬁffdr@mel ver
that can tinme track in a non-negligible nmulti-path environnment having

ant enna di véhtsignal SatAyersnbert of e meipedeta egnglobarsgxampte, grigstesymbonobthei on
enconpasses n?alﬂﬁgtgg%ntapirs tﬁ]})glﬁﬁ{edtolnqﬁe fifs{"g}ftk&ga, a second symbol is transmitted on

the second antenna, and a third symbol is transmitted on the first antenna. In this
manner, if the mobile station loses data from one of the antennas, it only loses every
other symbol and an error correction routine can correct for the loss.

[0016] The Space Time Spreading scheme transmits some information about
each data symbol on both antennas. This scheme assumes that the mobile station will
be in contact with at least one of the antennas at all times and, therefore, will continue
to receive uninterrupted data.

[0017] A problem occurs when a mobile station’s receiver has to time track on
the signals from both base station transmit antennas, and the multipath spacing from
one or both of these antennas is non-negligible (e.g., multipath spacing is less than 1.5
chips). There is a resulting need for a receiver that can time track in a non-negligible

multi-path environment having antenna diversity.
SUMMARY OF THE INVENTION

[0018] The present invention encompasses a method for offset time tracking
in a non-negligible multipath spacing environment in which an antenna diversity

system is operating. The antenna diversity system comprises a plurality of antennas



in a non-negligible nmultipath spacing environnment in which an antenna
diversity systemis operating. The antenna diversity system conprises a

pl ur al i t ywofo2astennas WO 02/ 061963 PCT/ US02/ 00682 4 t hat eathishremssmits a
signal to a nobile station. In one enbodinent, the transmtted signals are
different functions of the sane data. In an alternate enbodi nent, the
transmtted signals are alternating portions of a nmain signal. [0019] The
time tracking is acconplished by generating updated tinme offsets in
response to an average time error signal4or by allow ng the denodul ating
elements to independently tinme track the signals fromeach antenna. The
enbodi ment UBaceacki &pesbiés »igpletonemobile satigrrlsi ang emhodimen, Bedransmittadi tti ng

U549, 02 LT, R PR TRELIE sy FLAGLS TR ™ O

plurality ofraakghrlsignakeary getridtmpoRtondase nididticasl. s diversity antennas. A
time error signal is then calculated fromeach of the denpdul ated signal's
pi | ot signall801%hat arkhedunptrackipg isprccowmplisheddiyf generating updyed Howmitses ¢ he

of fset. Bas iﬁ rugﬁs{éggtah %eragé Pﬂlre eHto@ SRS or azﬁ%@xfilzggxgtdeﬂ%dﬁfaﬁﬂé cRhRARl 1S

gener at ed. tinme set iIs en cul wth a trme tracking

| oop i n resporisdependdntly thvietegk the signelsrfeom Slagin ahtenhd ORtik] ethbodimehhesed

enbodi nent, the yeceived siﬁjnal s are denodul at ed usi,ng)(ga‘1 different. of fset
e

for each redéPest oF grbfther) the giversifysantenngs rarg s transmiftidgensjag pace Time

demodul at i ngyel AR OAEERANESN Y DiveREl. the received signals with two
separate tine tracking lNoops. BRI EF DESCRI PTI ON OF THE DRAW NGS [ 0022]

FIG 1 showd0®®ck di dgromm efibadimgpi, ¢hd metlicsk demodulates bised ionrongi afifises
si ngl e ant enna. 02 -l G, 2 shows .bl ock djiagram of a t.ypical prior, art
bt 6 o at 18 of Seanyait g efeR R PG Tidon® FHBBT PRRIAT e
a bl ock di agindRdr stzrialRithét calsfedfrail cabh BF th dembemard siindBs pildt¥ignaR025]
FIG 4 shows a block di agram of the preferred enbodi ment receiver of
that are sampled prior to the offset and subsequent to the offset. Based on the time
error signals, an average time error signal is generated. An updated time offset is then
calculated with a time tracking loop in response to the average time error signal.
[0021] In another embodiment, the received signals are demodulated using a
different offset for each received signal. In this case, each of the receiver’s

demodulating elements independently track the received signals with two separate

time tracking loops.

BRIEF DESCRIPTION OF THE DRAWINGS

[0022] FIG. 1 shows block diagram of a typical prior art base station with a
single antenna.

[0023] FIG. 2 shows block diagram of a typical prior art mobile station
receiver with a single receiving path.

[0024] FIG. 3 shows a block diagram of a typical base station with antenna
diversity. |
[0025] FIG. 4 shows a block diagram of the preferred embodiment receiver of

the present invention
[0026] FIG. 5 shows a block diagram of an alternate embodiment receiver of

the present invention.



the present invention [0026] FIG 5 shows a bl ock diagramof an alternate
enbodi nent receiver of the present invention. WO 02/061963 PCT/ US02/ 00682
5 [00271 wb@2/06198hows a bl ock di agram of anot her alt er nat ecantsozibosent
receiver of the present invention. [00281 FIG 7 shows a bl ock diagram of a
nmobil e station in accordance with the present invention. [00291 FIG 8
shows a table of the pilot structure of WCDVA with correspondi ng synbol
nunbers. DETAI LED DESCRI PTI ON OF THE PREFERRED EMBODI MENT [ 00301 The
present invention provides a nobile statton with the ability to tinme track
received signals in an area where the base stations transmt using antenna
diversity. T00%1is acdd@pl6 sheus Byblerk iagremoetiangthehalternsitn gmbofgaentof t he
RAKE receiver.fingers based on. an average timng error or allow ng the
denodul at i néeceéweéf’rgﬁ‘te?rwmt‘ H8%ei ver to independently time track the
signal s fromesgh ant gnga7 shéW3i bldck@iagrail dfusinbbilestafiob lrogdcottiangs aiehof a
receiver of the present invention. This enbodi nent works best in a Space
Ti me Spr eadititfgpresppt MYARRAT: since it uses the same estimate for t in all

t he fingers. ple th r Lite ign I t L , they
are differ erwd% t hat %él&}f ]?s';r%g]r)ﬁ& sagrtéﬁalgiéjlég%}ééé1 Slgﬁ§g}s?1%g?g %@&IQD%‘Q} gthdata
during the wrodedpahdiap spnbolatsnbers.or der to keep the signals frominterfering
wi th each other during transm ssion. [00321 For purposes of clarity, the
receiver of FIG 4 is subsequently described with only two fingers.
Al'ternate enbodpini B DEYCRIPIEON OF THE PREFERISS) EMBHHMERST €rring to
FIG 4, the receiver 1s conprised of an antenna (400) that receives the
transmtted signals fromthe multiple base station antennas. A radio

L;te gu © 2 tC ?,/ e;g@(%%? eband The ?)\r/ees[arsltl inven 1‘(")95 odigespaerglggﬁensﬁgic}nowgl? ﬂl%ra%glﬁy % g}ngl tal

track received signals in an area where the base stations transmit using antenna
diversity. This is accomplished by either choosing the timing offset of the RAKE
receiver fingers based on an average timing error or allowing the demodulating
elements of the receiver to independently time track the signals from each antenna

[0031] FIG. 4 illustrates a block diagram of a receiver of the present
invention. This embodiment works best in a Space Time Spreading environment since
it uses the same estimate for T in all the fingers. While the transmitted signals are
substantially similar, they are different in that different spreading sequences are used
on the data during the modulation process in order to keep the signals from interfering

with each other during transmission.

[0032] For purposes of clarity, the receiver of FIG. 4 is subsequently
described with only two fingers. Alternate embodiments use other quantities of
fingers.

[0033] Referring to FIG. 4, the receiver is comprised of an antenna (400) that

receives the transmitted signals from the multiple base station antennas. A radio
frequency-to-baseband conversion (405) is performed to generate a digital data
stream.

[0034] The digital data stream is input to two fingers (460 and 470). Each
finger is comprised of a demodulation path (465 and 475) in which the digital data
stream from the radio frequency-to-baseband converter (405) is demodulated at the

same time offset, T (410 and 411).



100341 The digital data streamis input to two fingers (460 and 470). Each
finger is conprised of a denodul ation path (465 and 475) in which the

di gi tal dapazostoseam fromthe radi o frequency-to- basebandpcarusez/vms2 (405)
is denodul ated at the sane tine offset, ti (410 and 411). WD 02/061963
PCT/ US02/ 00682 6 [0035] The first finger's r offset denodul ati on path
(465) is conprised of a despreader (415) that nmultiplies the digital data
streamwi th a data despreadi ng sequence conprised of the original data
spreadi ng sequence and a Wal sh code. Thi® sequence is referred to as

cdl (n). [0036] The despread signal is then correlated by sunm nghé}420) it
over a synije03si ne (ﬂ“medhslpﬁl)ger’ﬂfeoffwrp‘b@wds]iagwaIpathdﬁé\él isf qogprishe of a

| at 420 | t t f th | ot. |,
S o erderarendst A0 iab Bafcst e, il e SRepiniingd ghd o Smpling, op°
produces t h%eﬂﬁﬂ%j H&Iﬂ%ﬁ&d%{tﬂe 61t1%19i11f &4 sﬂfeadlgg’ggduehéb B 2w dh ddehThize

denodul ati on of fset tine digital data streamis also
denodul at ed sadluem:éseckrrédtoaﬁ):nﬂ{yl) (466) and (t + 0.5) (467) in order to

generate a accurate T fromthe Qt  si | . @assoO th the

digital dat EB(S ream TAjelesBiERd s g&_)gh? Q‘ﬁa q° Ea%f(‘qlééf)susé]ﬁﬁ 34% r 06’8{; for med
i n order tosgBer ahR @2 Qﬁf)@r The WdatplénaignhB outpatl filotn thaedrdlatol QFHB] isThe
0.5 chip delay blocks (416 and 421) generate signal s that can be expressed

as x(n) and nafltiplied @2Peeith wekstimathef the piloepgrs eht, sn bider to roeatd thd phaseTifese
digital data streans are multiplied (417 and 42@3 Wi th a conbination of the
ori ginal spheeumplex BpyuBged. Hnsjst@mrogumstthmrg tdaiqéd«'(t@agoffset:bi (n)) The

despread si are then te and 42

expressionqu@ﬁx(n) An é’ﬁf"’(l )Wl ﬁl gﬂ%ﬁmomatcg %‘ﬁ) m 'fh d{jﬁg rg?\taof t he
sumis chos %&eéﬂqbaisb%m%amatea AlRegepalo. 9 d(as@ me(xduoast)l(@m)qﬁ dréig gum

The magni tude of each signal is then square 19 and 424). [0039] The
squar ed nmagrgeherdeesa amc&ewbﬂmamct dbng 412eﬁp110bsr’gnarldasao¢1au¢é weith dre digitghdata A,

bet ween the two energies, the difference is ze the initial estimte

for T was &HEMPathe carly (f‘ﬁ@ A bt (4 Desamp s ane pentoried B Opder &9 gBRerdlf ghal A
is used to Q%?E@Bﬁtﬁatx@uﬁ%’d-{oﬁﬁ&dfmte as descri bed subsequently.

[0038] The £0.5 chip delay blocks (416 and 421) generate signals that can be
expressed as x(n) and z(n), respectively, where n represents the time index. These
digital data streams are multiplied (417 and 422) with a combination of the original
spreading sequence and the pilot Walsh code (e.g., cp1(n)). The despread signals are

then correlated (418 and 423) to generate the expressions sum(x(n) * cp1(n)) and

sum(z(n) * cp1(n)). The duration of the sum is chosen such that c;; is orthogonal over

the duration of the sum. The magnitude of each signal is then squared (419 and 424).
[0039] The squared magnitudes are subtracted (426) to find a time error
signal, A, between the two energies. If the difference is zero, the initial estimate for T
was accurate. If the difference is other than zero, error signal A is used to generate a
new T estimate as described subsequently.

[0040] The second finger’s T offset demodulation path (475) is comprised of a
despreader (451) that multiplies the digital data stream with a data despreading
sequence comprised of the original data spreading sequence and a Walsh code. This
sequence is referred to as cg(n).

[0041] The despread signal is then correlated by summing (452) it over a
symbol time (64 chips). The complex signal output from the correlator (452) is



[ 0040] The second finger's r offset denodul ation path (475) is conprised of
a despreader (451) that nmultiplies the digital data streamwith a data
despreadiwg 020ergaence conpri sed of the original data spreadrngoyegsence and
a Wal sh code. This sequence is referred to as cd2(n). [0041] The despread
signal is then correlated by summ ng (452) it over a synbol tine (64
chips). The conplex signal output fromthe correlator (452) is WO 02/061963
PCT/ US02/ 00682 7 multiplied (453) with an estinate of the pilot signal, PZ
, in order to rotate the phase of the cbnplex input signal. The output of
this step produces the denodul ated data at the sane offset t as the first
finger (460m{lGH6A](453) witli ah tstimate bhhélpﬂomb@gmdeaﬁn ondento rofatstht phasewft , t he
digital data streamis al so denodul ated at of fsets (t - 0.5 (477) and ('t
+ 0.5) (476)hd cvmpldempuosiglgaén”ﬂmam@pla ofithiestee prodaces the defthedwdated datg 4f7thg and

| ate (476) sanpl are order to generate an error signal that
is used to ??%R?éett[%é&{‘rsgﬁ (Jsébém p del ay bl ocks (431 and 435) generate
the sane si gm afrdlfe?twﬁﬂ ﬂﬁeaelﬁ&ﬁl@and#ﬂ SCHFSRAALRY the diRBSEdSAONAl S
are x(n) an (2n) respe tively. These delayed digital data streams are

nul tiplied (#8ananalséd6nodulatedat offivtes fat O (4)77) dnldg(tor DJi) 16416)sproedatitng
sequence and the pilot Wal sh code The despread ignal s are

correl ated @aW3algRINQIFACCRFIGE ﬁ@\eeﬂaélyﬁf‘ly)éﬁﬂrl% éﬁ?)@ssag’lﬁ’*ﬁs)@( perforged ip)y )
and sun(z(n) rderg(p%%n@}%ean %’?EP‘%{]'S e&f&%]%ﬂ'%” is chosen such that cp2 is

ort hogonal “over ura e magni tude of each signal is

then squar eqogs3p4 and Thé%))s cﬂlggéﬂ%bfd%ﬁs B4 HnA A 3B RETetAE B s§ﬁ1% sﬁ?msra@ﬁ ed

(439) to find the difference etween the two energies.
di fference itle ﬁest &pgcl‘rﬁéwh discadsed abavenThesearignaluars x(akauk @(tnérespf:ctm&y

di fference i r t error _si ener at ew

st mto. [ 0958 eyt A AR sxihre BN SO T pEED MO ioh
signal B f r @ﬁe & nal%@ﬁ&amgfsembe aAd the @Aloe waaﬂgﬂcdde (e%r;ebf,gﬁp Bie ae/sgfeaee
error signal inding a weighted sum This is acco i shed hti ng
each error §;g@ﬁ]@|ar@|§9@%gteﬁd4é ap¢h 43Y) to generate the expressxons sum(x(n) * Cpa n%

and sum(z(n) * cp2(n)). The duration of the sum is chosen such that ¢, is orthogonal

over the duration of the sum. The magnitude of each signal is then squared (434 and
438).

[0044] The squared magnitudes are subtracted (439) to find the difference, B,
between the two energies. If the difference is zero, the initial estimate for T was
accurate. If the difference is other than zero, error signal B is used to generate a new ©
estimate.

[0045] Error signal A from the first finger (460) and error signal B from the
second finger (470) are used to generate an average error signal by finding a weighted
sum. This is accomplished by weighting each error signal depending on their
respective energy levels and then summing the weighted errors (440).

[0046] As an example, error signal A is weighted by o, and error signal B is
weighted by o,. If the received energies of the pilot signals from each antenna are
equal, the preferred values of o; and o, are both _. If the energy of one pilot signal is
less than the other, the error signal with the lowest energy value is weighted with a
smaller value. In one embodiment, if the energy of the path tracked by the first finger
is less than the energy of the path tracked by the second finger, o; will be set less than

o, so that the tracking shifts more towards the offset determined by the second finger.



respective energy |levels and then sunm ng the weighted errors (440). [0046]
As an exanple, error signal Ais weighted by a, and error signal Bis

wei ght ed Wp 2861963 t he recei ved energies of the pilot sigmarashz/esseach
antenna are equal, the preferred values of al and a2 are both -. If the
energy of one pilot signal is Iless than the other, the error signal with
the | owest energy value is weighted with a smaller value. In one

enbodi ment, if the energy of the path tracked by the first finger is |less
than the energy of the path tracked by the second finger, al will be set

| ess than a2 so that the tracking shifts nore towards the offset

det er ni ned 1#9047he secdibd averaged erro(43P) 0% P B tPTTiMeST2okaes BRPE44DOAE The

averaged error (440) is in to a time tracking |.oop. (445%). The ti

¥ acking | odihe radsthe i BP%) ekerdigst Pekidieh ", 1 BRPIs e 8er Fifeghirlequent
denodul at i oepbdhilgolet the ad ahd BeHliAGoLhe D6t RidaPt Signal . [0048] The

out puts of the denodul ati on paths (465 and 475) perfornmed at offset t are

input to a d6A48] denul tTihgl canurts O£ 48 dermpdulatiarapaths (445 exdA7§upsformedbnbi nes

e o1 gnal, CERT Ehe NSOk LR REIAR 60 BB SRR IEISS)) ang
cd2(n) are diddfuiRdd tHdadidnal RSRI B dVAIISRSUBNEGRS pathh 160 dh1esthAse stdki on
had to cover the data with different sequences prior to transm ssion in

order to keepginabdatagetis frominterfering, the fingers of the receiver
have to use e dif en e ' rder t de .\t odat or
v u (Q@i ! fh? fhe atbo§e-8€s|§§8§c? ?IJBEO renggtr 8%{&);%8 gggna arllee dlft%?‘en?fl%tg and

subst anti al I[ m | ar "t easons, ences cpi

cp2(n) are @kﬁﬁe:ﬂiiﬁ%h veAdes. BRROGhe bade stitidn hatsior edves tie Bdtacktiddideenn of a
receiver in which the fingers.  time track the paths independently. This
enbodi ment \WeRAUEHCEHERHON 19 BRNSBHEAIOM iherler torkerr theasignds frome iptsEferiag.dfbfon' s

antennas ar LE L j of: b t i LS done
" an Ot nogBER Bkt e efb i B RUTLARD hehesrlR o ORtedint s TN
recei ver i s datampor setshtaftiap samtlanreasdrisPtie pilatdespreading asqudnees ¢ am3 mndt ed
signals fromthe |tiple.pase station antennas. A radio ‘
frequency-tGPZE)‘Q@é%aﬁ?id JH@F-si on (505) is performed to generate a digital

data [0050] FIG. 5 illustrates a block diagram of a receiver in which the fingers
time track the paths independently. This embodiment works best in an environment
where each of the base station’s antennas are transmitting alternating portions of a
data signal as is done in an Orthogonal Transmit Diversity system.
[0051] Referring to FIG. 5, the receiver is comprised of an antenna (500) that
receives the transmitted signals from the multiple base station antennas. A radio
frequency-to-baseband conversion (505) is performed to generate a digital data
stream.
[0052] The digital data stream is input to two fingers (560 and 570). Each
finger is comprised of a demodulation path (565 and 575) in which the digital data
stream from the radio frequency-to-baseband converter (505) is demodulated to a
useable data signal. Since each finger (560 and 570) is allowed to independently time
track its assigned signal path, the initial offsets are chosen as T, for the first finger
(560) and 1, for the second finger (570).
[0053] The first finger’s t, offset demodulation path (565) is comprised of a
despreader (515) that multiplies the digital data stream with a data despreading
sequence comprised of the original data spreading sequence and a Walsh code. This

sequence is referred to as cqi(n).



stream [0052] The digital data streamis input to tw fingers (560 and
570). Each finger is conprised of a denodul ation path (565 and 575) in

whi ch t hewoiogiot®b3 data stream fromthe radi o frequency-t @Chasebenss
converter (505) is denpdulated to a useable data signal. Since each finger
(560 and 570) is allowed to independently tinme track its assigned signal
path, the initial offsets are chosen as T, for the first finger (560) and
T2 for the second finger (570). [0053] The first finger's r, offset

denodul ation path (565) is conprised of &% despreader (515) that nultiplies
the digital data streamw th a data_ despreadi sequence conprised of the
origi nal datl805%4r eadi ﬂ@les@qn@ﬁéélﬁﬁh lsat}\MI@ﬁfe&g@fb Y‘Fﬁﬁgnlnge(ég&n’ééwﬁé a

Conal C1's: ¢ AZREEEIME) TeXgriobRind SulmElii e ¢BatE G b i S5 oo
conpl ex si g%* QIEEBE??E P Md gﬂ?ot%?%fa?l ﬁlt, & ofcﬁ?% rdtitetHE tphPaJe' Stdné égxﬁglexw' th

an estimte o ot si in order to rotate the phase

conpl ex i npput SigeiRThis BRipprédiees theddtoaslaicalatieoddtai.ed data at of f set
"t,. [00551 In parallel wth the denodul ation at offset tine 'r,, the

di gi tal dat 4005 r eam ils paralis! dathothgl demeadiudations stsffsst ting, 7., tige Bigitabdatp and
("t, + 0.5) (567). rder to ac a m t h i | ot
signal assod Eﬁrﬂds ﬁe?lﬂéulaﬁeg a?ﬁf}e { 350 @gﬁ % %zﬁ)&/%?%@é’)orgﬂp Iajte
(567) sanpl Sendlaft P& 40 aiBEkateN T e thd gug@gxgﬁata%s@aatearm 5 @iyl h@t is
used to tra [00561 After the 0.5 chip delay blocks (516 and 521),

t he del ayed sdegnt "Elhe etalya(566Y arellae (26¢) smipﬂespire pckf«ﬁm'ﬁcﬂ iarvadd& 2@ pendrath aa

conbi nati on of the ogagql nal P Eiel-dl ng sequence and the pilot Walsh code.
This is ref &MebsSRY thatTxpied g rackihe despr ead SI gnal s are correlated (518

and 523) angquﬂﬁ rmgmAfHaq(?h 'f'O g%ﬁféec?lagqﬁ(l)clés ei?] gg%gel e%lgdl%lglrl]tqﬁtgzll)'

[ 00571 The ed enérgy nagnltu re su

di fference, shearhshiepnltiphied (Sw7 and5Q2)ewith laf cdrﬂftﬁnﬁid‘nf 6ff theagigital 3pfeadinghe
initial estimate for t, was accurate. |f the difference is other than
zero, error SSAUFASES arxd the pﬂg%}}/aﬂs@ code. This 1s referred to as c,(n). The despread signals

are correlated (518 and 523) and the magnitude of each signal is then squared (519
and 524).

[0057] The squared energy magnitudes are subtracted (526) to find the
difference, A, between the two energies. If the difference is zero, the initial estimate
for T, was accurate. If the difference is other than zero, error signal A is used to
generate a new T, estimate.

[0058] Error signal A is input to a time tracking loop (527) that performs a
closed loop tracking process that is well known in the art and not discussed further.
The output of the time tracking loop (527) is the new estimate for T, 7

[0059] The second finger’s T, offset demodulation path (575) is comprised of
a despreader (551) that multiplies the digital data stream with a data despreading
sequence comprised of the original data spreading sequence and a Walsh code. This
sequence is referred to as cg(n).

[0060] The despread signal is then correlated by summing (552) it over a
symbol time. The complex signal output from the correlator (552) is multiplied (553)

with an estimate of the pilot signal, 132 , in order to rotate the phase of the complex

input signal. The output of this step produces the demodulated data at an offset of T,.



generate a new ti, estimate. [00581 Error signal Ais input to a tine
tracking loop (527) that perforns a closed |oop tracking process that is
wel |  knowwoion/o6tee3 art and not di scussed further. The out pat/usb2/odes2 ti ne
tracking loop (527) is the new estimate for 'r,, r [00591 The second
finger's i2 offset denodul ation path (575) is conprised of a despreader
(551) that nmultiplies the digital data streamw th a data despreadi ng
sequence conprised of the original data spreadi ng sequence and a Wl sh
code. This sequence is referred to as d@2(n). [00601 The despread signal
is then correlated by summ ng (552) it over a synbol tine. The conpl ex
si gnal out pd#0Gliom t hén ct?@ralb(i;at\tlthr tl(@BEZl)OdUéatmnl ati offsee dingeo %3 )the digital data

complex. 1 ottt Sefitsd shotrnd car D EImsieed DB TR RstitrPed
data at an %gé‘%{e £imoké- acgéﬁlgzml AL ggt/ ﬁé@%/ S0l %grléf({(Sﬁf)Qxﬁlllaté tsRprall el

wth the de ulation at set tinme | gl tal streami s al so
denodul at ed samplef hsgiesfofmed in ddd&)to (gEHe?éteaﬂ(én()ﬂ.ﬁgﬂal(ﬁheﬁ)s dsed @9 track order to
generate a nore accurate r fromthe pilot signal. The early (577) and late

(576) sanpll8862ir e periftarthett.h chipdishaytbboaks (2} land iiﬁ),éh@ éfPlamdgh%lFal datat i s
dtot 0. hi del k 535
the del ayed Srgns are aaipred (rimd 370 wih & it 45 syl soiing ™)

conbi nat i on sequenbeasy thg Ipﬁlai Washesdde.Mhis &a¢Rerdeo agldpzcd)emt H&@preddlsihacode.
This is referred to as ﬁg % . The despread signals are correlated (533
and 537) andre pereleighi(3iendop3Dand the gregnitpds er@ﬁh§tazila} scthem squarggdh§3438) .

[ 0063] The sdgﬁggﬁj\onagm tudes are subtracted (539) to find the difference,
B, between € two energies. If the difference is zero, the initial
estimate forf0063] was Thecyuatemaphitides ath fubanetnd €5393 tofinéthd diffarenes,d, error

| B dt t 12 est t [0064] E | B
nput to ;Stq‘éﬁieepr%eﬂﬁﬁée%?wgﬁaeé%drft‘ﬁaqn?%éé PP GBS T Pdki ng
process t hatac&ffat‘é’e f*thM?i@Pedc id ﬂfrgtz%? 344 6r s‘i’ it SR &Red W #Jﬁ@faie a IQ\Q

out put of the |rretraC|ng oop westlmate
T, estimate.

[0064] Error signal B is input to a time tracking loop (540) that performs a
closed loop tracking process that is well known in the art and not discussed further.
The output of the time tracking loop (540) is the new estimate for T, -
[0065] The outputs of the demodulation paths (565 and 575) of each finger
(560 and 570) are input to a data demultiplexer (555). Since the data was transmitted
in an alternate fashion from the diversity antennas, the demultiplexer (555) alternates
between each demodulation path (565 and 575) in order to reconstruct the transmitted
data. If the data was transmitted such that every other symbol was transmitted from a
different antenna, then the demultiplexer (555) alternates between the demodulation
paths (565 and 575) every other symbol. The output of the data demultiplexer is the
reconstructed user data.

[0066] In the above-described embodiment of FIG. 5, cq;(n) and cg4z(n) are
different data despreading sequences and the pilot despreading sequences, cp1(n) and
cp2(n), are also dissimilar. The reason for this is described above with reference to the
embodiment of FIG. 4.

[0067] FIG. 6 illustrates a block diagram of another alternate embodiment

receiver of the present invention. This receiver, in one implementation, may be used



[ 0065] The out puts of the denodul ation paths (565 and 575) of each finger
(560 and 570) are input to a data demultiplexer (555). Since the data was
transm t two o2iopi9an al ternate fashion fromthe diversity amcarrsagposshe
dernul ti pl exer (555) alternates between each denodul ati on path (565 and
575) in order to reconstruct the transmtted data. If the data was
transmtted such that every other synbol was transmtted froma different
antenna, then the demultiplexer (555) alternates between the denodul ation
paths (565 and 575) every other synbol. lthe output of the data

denmul tiplexer is the reconstructed user data. %0066 In the

above- descr iibadwidebbatidne PMaf(WEBMA) epvifqmnenindbe J¥CPMArdandard iemsHt dat a
d di d,the .pi ' ' d
oty o S KPR TRt AR e oo Rl TR BRG AR SR BRI, |

reference taldohBe uesddsliotetmeltipkd Gcceds ehOR6onthertts Geqirink | the ttiraé esicRinll ock
di agram of another alternate enbodi nent receiver of the present invention.
Thi s recei v@rovided Bhbe prasetigyiiPRon, may be used WO 02/ 061963

PCT/ US02/ Oo‘i%sl] 11 1 nvahild 4 e%%ﬁix@l}]/ﬁf FHEDMMS Y i QAR Wit R H‘%@gﬁ

standard is known in the art I's not discusse urt her.
recei ver il lthestembbdichenn oF Fl&. 6 sharys sahs of e haddarenamt fiemwate, sugh & thecess

environnments requjring the tinme trackin rovi ded t he present
i nventi on. P@%S‘”]JGWF ators @nd AR HEALS: g?f“%r:@th%%gx erft PN B EGeR b wi t h

two fingersploddie 18MRAUIEE 1Rl wd Bgds 160 §5d 300 Aty tesdhar duRiex@nd

firmware, such as the despreaders, totators, and accumul ators, between the
two fingers.Additigmblybblosker2t laad 435|aaotysthd 56ma rssgmd 2(f Thhentyndiffarenger s

(460 and 47 carry the.sane signal . JAdditionally | ocks, 421 and 435
carry the sZFEVEERHefvotingers I?ﬁéegpdﬁﬁtﬁ%ﬁ?oé?é‘ﬁ% m(geé?r %ﬂgﬁﬁeslm'fi ngers is
the pilot Whggy)code usest WTDRRPSseAdHA L, | bRl &), 885 & spéddd4lGBiatibishi1veACDVA
standard, cpl and Cp2 have a special relationship over the correlation
duration of tEicorrehatios durijos olféﬁ)%l@hlaﬁéﬁhlqorei@%s&w sseEpsggst asep2(n) = cpi (n)
for n =0 to 255; and cp2(n) = -cpi(n) for n = 256 to 511.

cp2(n) = cpi(n) for n =0 to 255; and

Cp2(n) = -cp1(n) for n =256 to 511.

[0070] In order to generate the sums illustrated in the discussion of FIG. 4, a
single adder may be used that accumulates over consecutive 256-chip intervals. This

adder would form the following sums:

suml = sum(x(n) * cpi(n)) for n =0 to 255; and

sum?2 = sum(x(n) * cp1(n) for n =256 to 511.

[0071] The embodiment of FIG. 6 implements this reduced hardware version
of FIG. 4. Referring to FIG. 6, the receiver is comprised of a demodulation path (601)
in which the digital data stream from the radio frequency-to-baseband converter is
demodulated at the same time offset, 7. The demodulation path (601) of FIG. 6 is
substantially similar to the demodulation path (465) illustrated in FIG. 4. Therefore,
refer to the above discussion for the operation of the demodulation path (601) of FIG.
6.



[0070] In order to generate the suns illustrated in the discussion of FIG
4, a single adder may be used that accunul ates over consecutive 256-chip

i nt er val swobhiei9éadder would formthe foll owi ng suns: sumpPCE/somiosgn) *
cpl(n)) for n = 0 to 255; and sun2 = sum(x(n) * cpt(n) for n = 256 to 511.
[0071] The enbodiment of FIG 6 inplenents this reduced hardware version

of FIG 4. Referring to FIG 6, the receiver is conprised of a denodul ati on
path (601) in which the digital data streamfromthe radio
frequency-to-baseband converter is denddul ated at the sane tine offset, z.
The denodul ation path (601) of FIG 6 is substantially simlar to the
derpdul at i orl0§&Ih ( 463N patallgswithtkgidémodulationat offyetrtirhe fathe reastvsr of B1G he

b di ' t ti f th duyl.at h (6Q1) of. FI G
600 021 06 Zoshoskaressds AiBsb s Befin gy aitsdts Chattal [ ahe e el Bt aci on
at offset ti i : L Qi : a
Streamat of fesg el RlEioBiah Ao AFRANER) Bokkdl i YT il
gener at e a rdatastizemuThd eartyl (605)andtlhte (610)chmplegasd peafosmed at @demtotgenérhe

digital data stream, The earl 05) and late (610) sanples are perforned
in order toaﬁmfalsaal%l%ﬁe&lr‘g?é‘gw that is used to track T. [0073] The

early (605) | ate ( i { ] code
cpl (n) (610 @%1615) ) %?&’%’sg%zgﬁdsﬁ’g%lp ﬁgﬁgﬁi%%&a&g{)ﬁ?%g@hﬁéd over
a 256- chi p codt esigl(61hand AEY). Thegenaralst &e ahrencaccpmulacdfd G20 any 16B6) ofer@am each
sumer (62 nd.625). [007 The synbols are then input .to del ay bl ocks
(630 and 63%5%t & “%%fé{ﬁ)li @ Orfdihetos% g ap QUi of 0ge ﬁé{{l’gf’bffalﬂb%ﬁk’o%‘mmer

subtracted famidepel ves, depending on the state of the control signals
a, and a2. ((,ontrol signals al and a2 are generated by the nobile station's
controll er (IB&BY that The spmbolsi dye thenubpwdaaietayybloeks (63 @ ndh 635)t thatingble7 .

A L T X
FIG 8. [00%bte bf fhe dn&bDYEnAs haBhE® aRICon8] Pichslk ashhdia) bifeCzedbra¥dPihes i s
vel ! mobile station’s controller (660) that is described subsequently in reference to FIG. 7.
The process the controller (660) uses to determine the state of the control signals
depends on the pilot structure and symbol number as illustrated in FIG. 8.
[0075] FIG. 8 shows a table of the pilot structure of WCDMA as is well
known in the art. The top line of the table is the pilot structure as transmitted from a
diversity antenna while the second line is the pilot structure as transmitted from the
primary antenna. The symbol number corresponds to a particular group of pilot
symbols, (A, A) or (-A, A).
[0076] Using the symbol numbers of FIG. 8, the controller (660) generates the

control signals a; and a; as follows:

Symbol No. | a; | a,
0&1 1 |-1
2&3 -1]1
4&5 1 [-1
6&7 -111
[0077) Referring again to FIG. 6, the above control signals are used in

generating the y; and y, sums by multiplying (632, 634, 637, and 639) either the



known in the art. The top line of the table is the pilot structure as
transmtted froma diversity antenna while the second line is the pilot
structurewadsansntted fromthe primary antenna. The syaivalSonosker
corresponds to a particular group of pilot synbols, (A A or (-A A.
[0076] Using the synmbol nunbers of FIG 8, the controller (660) generates
the control signals a, and a2 as follows: Synbol No.a,a2 0& | 1-1 2&3-11
4851-1 6&7-11 [0077] Referring again to FIG 6, the above control signals
are used in generating the yi and y2 sdds by nultiplying (632, 634, 637,
and 639) either the WO 02/ 061963 PCT/ US02/ 00682 13 synbol or the del ayed
synbol by " kymbpl orthe debiyed symbanbngl’ e8%1;1 dgfores8mmiagnd6316383, 63 and

exanpl e, dur symbol "0" yl. = su Fosunt, re M, and sun. ar

i|1ustrated 628%\%9/ ARG r‘%ﬁ‘@gﬁﬁ@fﬂl 0 Oy‘,"ﬁfﬂ%swsﬂ-w}%eﬂ%ﬁ‘.‘mrﬁﬂééﬁlmghe
signals y, andiiMsraéEatoleNARe dnindsyahbdl 8 6h=puidlt-egunad. s (640 and 645).
This sanmpl i n&qyrecovers the original synbol. [0079] The nagnitude of the

recovered sY¥dls ar e ThResignglsuaraad ye 861 then gempled g b2-shiphateswly (p40I1andnd y2

signals are Blm 7 i . e the A signal. The negatives
of the Iate6§, 'an% Sy%pg%%ﬁegf’gérg?% %%"n%ggﬁ%@%) in order to generate the B
signal . As ije0m9pe enbquk mighitade offthSrecbvetcigyMbaRdrStieh ggadred @68 - 6yt to a

wei ght ed average bl ock (680). The output of the weighted average (680) is
then input befre the earlpy apdiyksigepls arssumessh (619) BrdsT to gerrante tha & signal-
updated T, h.l.. [ NS 5 | ses of
the present TheecLr W16 o) A0 37 e BRE R (s er ARAe or
signal s to dbsignal. As metheueebafimenndiigFIét.r4rthe A tand MBitségrabdb adi impnt & ase

e DT O DL 8 (GHERTHE Gulhe SPGe Thh SIS (o8 B2
to the time tracking loop (685) in order to generate the updated t, 7°.
[0080] While the above-described methods and apparatuses of the present
invention use delays of £ 0.5 chip time and weighting of error signals to obtain a
measure of timing error, alternate embodiments use other processes to obtain a
measure of the timing error. Additionally, alternate embodiments may be used to
allow the demodulating elements to independently time track the signals from each
antenna.
[0081] FIG. 7 illustrates a block diagram of a mobile station incorporating the
time tracking processes and apparatuses of the present invention. The mobile station
is comprised of a transmitter (702) and receiver (701) that are coupled to an antenna
(703). The transmitter modulates the aural signals from a microphone (705) for
transmission. In some cases, depending on the type of communication device, the
transmitter (702) or other device may digitize the aural signal from the microphone
(705) as part of the modulation process. The antenna (703) then radiates the signal to
a base station.
[0082] The receiver (701) is comprised of the time tracking processes and
apparatuses described above. The receiver is responsible for receiving, tracking, and
demodulating signals received over the antenna (703). In some communication
devices, the receiver may be responsible for converting received digital signals into

their analog equivalent for radiation by the speaker (706).



all ow the denodul ating el enents to i ndependently time track the signals
fromeach antenna. [0081] FIG 7 illustrates a bl ock diagramof a nobile
station iwoaorpemati ng the tinme tracking processes and apparatSozewsnf the
present invention. The nobile station is conprised of a transmtter (702)
and receiver (701) that are coupled to an antenna (703). The transmtter
nodul ates the aural signals froma mcrophone (705) for transmssion. In
sonme cases, depending on the type of comrunication device, the transmtter
(702) or other device may digitize the ddral signal fromthe m crophone
(705) as part of the nodul ation process. The antenna (703) then radiates
the signal t6083% base Teapmomniqaiodpvithis coatrelledhy ¢ poryssps(788hgchsed of

the time trackin rocessges an u i ..kh ecei ver
o responsi BRETRERraEar otip oprliRE R TATER rERSEER R B andi ol Ve
over the antgdfanstmifF)(602) und QR veR 160N ifeidtiods Fod@Xaapls, tht eocesoemegbemray be
responsi bl e for convertlng received digital signals into their anal og

¥
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equi val ent fused toampritqrdhe Bpgars forqpsenk dracking gnd tagxeeniegbe seachormd Boger00682

14 [0083] ngsigxgmgi %ﬁmr‘?ﬂ device is controlled by a processor (704) such
as a mcroprocessor 8r-8ther controlli ng devi ce. The processor is coupled

to anfl cont 1[odst] t he tA anRphiyt(667) {llkkypad 608 aet varpld{ddlthe fprsvetdon(604)For
exanpl e, the processor. pay be wused to nonito he f] rs. for proper
tracki ng andot ¢isplRyRgiBloatiaL gRtersd byt Hser | Rgihr keyrad Gﬁgkfﬁor SFﬂgPliet ﬁ’ﬁs
[0084] A di ; gﬂ%@ : (604)
for displ ay?ﬁ%@%# g{r?t%? ?ggplﬁéﬁ%é%&g&@gxgﬁtgtg}( on t(ﬁg%g?{pggdl%%?, Figlre
exanpl e, t hdisplse(60Thypné stibsequertthyl tpisomted toriadrase siatigntussgkthy geahsB®B) t hat

is displ ayeg (?ﬁ the display (607) and subsequently transmtted to a base
station usi 8 he transmtter (602). [0085] In the preferred enbodi nent,

the comuni gaggsIn deviigehd preferfdaMinbsdimbit, #e ERfinahRhERNAAEd RCOCPMAL i NY
the time tracking of the present invention. Alternate enbodinents include

personal di gellalar asdiptsiephore Wpqonperating the simeotacking of the present invention.

Alternate embodiments include personal digital assistants with communication
capabilities and computers with communication capabilities.

[0086] As discussed above, the embodiment of FIG. 4 works best in a Space
Time Spreading system and the embodiment of FIG. 5 works best in an Orthogonal
Transmit Diversity system. However, these embodiments are not restricted to just
those antenna diversity schemes. In other words, the embodiment of FIG. 4 can
operate in an Orthogonal Transmit Diversity system and the embodiment of FIG. 5
can operated in a Space Time Spreading system. Additionally, each embodiment will
operate with any other type of transmit or receive antenna diversity scheme.

[0087] In summary, the processes and apparatuses of the present invention
provide a mobile station with the ability to time track received signals in an area
where the base stations transmit using antenna diversity. Depending on how a base
station transmits the user data on multiple antennas, the mobile receiver can use either
an average timing error, to track the timing offset, or independent error estimates from
each demodulating element to independently time track the signals from each antenna.

What is claimed is:



capabilities and conputers with conmunication capabilities. [0086] As

di scussed above, the enbodinent of FIG 4 works best in a Space Tine

Spr eadi ngwsyeterwsand t he enbodi nent of FIG 5 works best ipaTarsotnisRpgonal
Transmt Diversity system However, these enbodi nents are not restricted to
just those antenna diversity schenes. In other words, the enbodi nent of
FIG 4 can operate in an Othogonal Transmt Diversity systemand the
enbodi ment of FIG 5 can operated in a Space Tinme Spreadi ng system

Addi tional |y, each enbodinent will opedate with any other type of transmt
or receive antenna diversity schene. 3008a In summary, the processes and
apparatuses of the present invention CbAdMSle a nobile station with the
ability to time track received signals in an area where the base stations
transmt using antenna diversity. Depending on how a base station
transnmits the user datia on Atikthodlfer et iR Irackihg ilebohdepREblevRiltifAR USE
either an average timng error, to track the timng offset, or independent
error esfi naPNg eHIONBEBHENGRMPATING AN ARLENA SISy Sy tade BEri@icAna JiversHE t r ack

t he signals . ant . IS Claj | ¢

beT Usaa 00 8eS ol R pitPuyity O Bhichitas daBh Hflorh fing 0o aé‘%%‘gﬁ?%a"athe

non- negl #gi bhethodddmmidg: 2 spaci ng environment enconpassi ng an antenna
diversity system the antenna diversjty system conpri Si a plurality of
antennas each transni (9eMIGUAIRAB GatRP Hiesplyrrbity Of W_&’dulﬁt?fgg‘%ﬁs(%?fgﬁir‘i’%?ng;
dermodul agi ng; eAckal of BRurdliyrcH! ddy (Q_E%x@g&ii'd asteﬁQeﬁdeg,nﬁ’ﬂ@ abRREHtP D il L1 Me
offset, a plurality of data despreadi hg sequences, and a plurality of pilot
estimates, estohates,gach sigealihaging adlifférenkedata despreademgpeqeuice gf the pheakty off t he

lurality of, 8 dat di Ad a different pilot estimate of
Phe. ol ur 81 1 49feSphed e eGhrmckr a8 SGREERLAP! Rytuecs Rl Ryl st © ©

tracking errgtimgegnal s, one for each of the plurality of denodul ated
signals, in response to a pilot despreading sequence for each 12 of the
pluralitl) of denpdul atgederstingmplkprality of time tracking error signals, one for each of the

plurality of demodulated signals, in response to a pilot despreading sequence for each

12 of the plurality of demodulated signals;

generating an average time tracking error signal in response to the
14  plurality of time tracking error signals; and

generating an updated offset in response to the average time tracking

16  error signal.

2. The method of claim 1, wherein the plurality of modulated

2 signals are substantially similar.

3. The method of claim 1, wherein the time tracking error signals
2 are generated from pilot signal samples performed a predetermined time prior to the

time offset and a predetermined time subsequent to the time offset.

4. The method of claim 3, wherein the predetermined time prior to
2 the time offset and the predetermined time subsequent to the time offset are

substantially equal to one-half chip time.



generating an average tine tracking error signal in response to the 14
plurality of time tracking error signals; and generating an updated offset
in resporwe oleo6be average tinme tracking 16 error signal . PRT/USaz00s8t hod of
claiml1, wherein the plurality of nodulated 2 signals are substantially
simlar. 3. The nethod of claim1l, wherein the tine tracking error signals
2 are generated frompilot signal sanples perfornmed a predetermned tine
prior to the tine offset and a predeternmined tinme subsequent to the tine
offset. 4. The nethod of claim3, wherein the predetermined time prior to

2 the tine offset and the predeterm ned (gl e subsequent to the tinme offset
are substantially equal to one-half chip tinme. W 02/061963 PCT/ US02/ 00682

16 5. The nethod of clsai m Iphef MEHAAM ofCOBRAT B MBthEPEHMPlSAgt EnbiRiny theal ity
of denodul ated signals into a single data signal. 6. The nethod of claimb5,
wher ei n 2he pdurelityoff demnthilaied gignals infd @single dasmsignalpl exi ng the plurality of
denodul ated signals. 7. The nethod of claim 1, wherein the updated offset
is generated 2 by a tinme tracking | oop. 8. The nmethod of claim1, wherein

the antenna diversity gyst eMmeirfethad 6f JISGES5 Wehedélh e deplbVemsbihgSNab@®n 9. A
met hod for offset time tracking in a non-negligible multipath 2 spacing

envi ronndnt demadtinierdrg thg phraliiiod dermodnloted signglssyst em the antenna diversity
system conprising a plurality of antennas each transmtting a nodul ated
signal, the 4 nmethod conprising: generating a first denodul ated signal in
response to a first nodul athd mé@hed ghehinot, wiheeiplthie apdated affsenizdichedared
signals, a first offset, a first data despreading sequence, and a first

pi ot esi miWe time Ya¢kdidloPRg a second denodul ated signal in response to a
second

8. The method of claim 1, wherein the antenna diversity system is

2 areceive antenna diversity system.

9. A method for offset time tracking in a non-negligible multipath
2 spacing environment encompassing an antenna diversity system, the antenna diversity
system comprising a plurality of antennas each transmitting a modulated signal, the
4  method comprising:
generating a first demodulated signal in response to a first modulated
6 signal of the plurality of modulated signals, a first offset, a first data despreading
sequence, and a first pilot estimate;
8 generating a second demodulated signal in response to a second
modulated signal of the plurality of modulated signals, the first offset, a second data
10  despreading sequence, and a second pilot estimate;
generating a first error signal for the first demodulated signal in
12 response to a pilot signal sampling prior to the first offset, a pilot signal sampling
subsequent to the first offset, and a first pilot despreading sequence;
14 generating a second error signal for the second demodulated signal in
response to a pilot signal sampling prior to the first offset, a pilot signal sampling
16  subsequent to the first offset, and a second pilot despreading sequence;
generating an average error signal in response to a weighted sum

18  between the first and second error signals; and



nodul at ed signal of the plurality of nodul ated signals, the first offset, a
second data 10 despreadi ng sequence, and a second pilot estinmate;
gener at i rgoaz2hsmss error signal for the first denodul at edpsirgrsat/ooes2 12
response to a pilot signal sanpling prior to the first offset, a pilot
signal sanmpling subsequent to the first offset, and a first pilot
despreadi ng sequence; 14 generating a second error signal for the second
denodul ated signal in response to a pilot signal sanpling prior to the
first offset, a pilot signal sanpling 16 subsequent to the first offset,
and a second pil ot despreadi ng sequence;ygenerating an average error signal
in response to a weighted sum 18 between the first and second error

signal s; and WO 02/06 Qée?atﬁgdntﬁ%(eg%@% iﬂ}l_%sg%k%rté“tﬂer‘(g/e?a%e‘éﬂgﬁéiﬁ&lpffSet in

response to the average error signal. met hod of Claim9, further
conprising conbining the first 2 denodul ated signal and the second

dermodul at ed signal int i ngl e, dat a .si .11, The.net hod of ¢l aim 10,
Wherein the {1 st andibne SbEnROGOEeRtT  bihes thRmGins togupgiedfc Pt y
sim | ar. 512 geBguigRel RRHa0ndth@éd@oAd debil fENsiERA ihtb aSingddath ligngiecond 2

nodul ated signals are alternating portions of ‘a main data signal. 13. The
nmet hod of claim9, wherein the step of generating the updated offset

conpri ses perform ng ti tracki rocess W.th.a ti tracki ng |l ogp on
the average time er ro?lsi gﬁQFm tﬁf’g%{g‘:lﬁ’& a§d W(%W%Pati’?nr%,“ %cg?}é% gectng first

error si gnalmcithtdédeenals &€ eedthntiblPsintilagnal are wei ghted according to their
respective energy |evels such that the error signal having the | owest
energy |level receives the | owest weighting. 15. The nmethod of claim9,

wherein the pilot sigqal Smlﬂ]&ﬂogrdfoélai{%rlbo vh? eih | the tirSf B&ftthea og?e

pil ot signal sanpling Subsequent to the st offset are perforne

one- hal f 2chinodulatel sigriaty arahBerpatingy pdroonishd afhaia tdatafsighel. and subsequent to
the 4 first offset. 16. The method of claim9, wherein the updated offset
is used in

13. The method of claim 9, wherein the step of generating the
2 updated offset comprises performing a time tracking process with a time tracking loop

on the average time error signal.

14.  The method of claim 9, wherein the first error signal and the
2 second error signal are weighted according to their respective energy levels such that

the error signal having the lowest energy level receives the lowest weighting.

15.  The method of claim 9, wherein the pilot signal sampling prior
2 to the first offset and the pilot signal sampling subsequent to the first offset are
performed at one-half chip time intervals prior to the first offset and subsequent to the

4  first offset.

16.  The method of claim 9, wherein the updated offset is used in

2 demodulating further modulated signals received subsequent to the first modulated

signal.

17. A method for offset time tracking in a non-negligible multipath

2 spacing environment encompassing an antenna diversity system, the antenna diversity



2 denodul ating further nodul ated signals received subsequent to the first
nodul ated signal. 17. A nethod for offset tine tracking in a

non- negl iwokeeyed ti path 2 spaci ng envi ronment enconpassiPag/Ea2/essenna

di versity system the antenna diversity WO 02/ 061963 PCT/ US02/ 00682 18
system conprising a plurality of antennas each transmtting a nodul ated
signal, the 4 nethod conprising: denodulating a first nodul ated signal of
the plurality of nodulated 6 signals into a first denodul ated signal in
response to a first offset, a first data despreadi ng sequence, and a first
pilot estimate; 8 denodul ating a secondgodul ated signal of the plurality
of nodul ated signals into a second denodul ated signal in response to a

second of f ;%%stelﬂ c%grg,?fgﬂl‘gﬁffgltﬁraw oﬁwﬁ&%c@agg rARGHRRL nﬁmla@eﬁigtﬁelgmgi | ot

estimate; generati error signal for the tirst deno i gnal
in 12 réspamnskod @ngaisplg: ng of a pilot signal, associated with the first

br edet ermi ned i e suBeBqaEAing 8 Hemoqutarod SetaraBe Plijahured PG ERSecond
error signalidn@fs ¢ aSBGP I mdanReld ﬁ%ﬁ&i % #3bnseo 4 Girkesranse e aagp! i ng

of a pilot signal, associated with the first nodul ated si gnal, a
pr edet er m neldspréatengseiquence candracfirsiepilot @stondteet and a predetermined tine

subsequept to 18 the ,secqnd.of fset: .gen tin first, updated of fset in
respons_eglto the first M &8??%? S"zc_t?hgi &Fa?edaﬂg“égé’rﬁé*}eawl“ﬁg‘%af%gﬂa%ﬁpdat ed
off set in I ppeRSAolabetdil Eatathtdd @ﬁﬁﬂfb&g&ﬁefﬁd @B&ond bfset Theecond dad of
claim17, further conprising conbi nlé‘]{qoét he first 2 denodul ated signal and

the secdfd desmsending sauericgfaxd assoemskrilofesdmBtined signal that is _
ig?smg L?'n' %/hgqglt ‘ég' g?ﬁ%r%ﬁ%é %ﬁ%&‘?'e@ro‘i’%@naﬁ'fgp%e fird deEaiTRER e i @1 M
12 response to sampling of a pilot signal, associated with the first modulated signal, a
predetermined time prior to the first offset and a predetérmined time subsequent to the
14  first offset;
generating a second error signal for the second demodulated signal in
16  response to sampling of a pilot signal, associated with the first modulated signal, a
predetermined time prior to the second offset and a predetermined time subsequent to
18  the second offset;
generating a first updated offset in response to the first time error
20  signal; and

generating a second updated offset in response to the second time error

22 signal.

18.  The method of claim 17, further comprising combining the first
2 demodulated signal and the second demodulated signal to form a combined signal that

is substantially equivalent to the main data signal.

19. The method of claim 18, wherein the step of combining

2 comprises demultiplexing the first and the second demodulated signals.

20. The method of claim 17, wherein the first and the second

2 modulated signals are alternating portions of a main data signal.



2 conprises denultiplexing the first and the second denodul ated signal s.

20. The nethod of claim 17, wherein the first and the second 2 nodul ated
signal s awe alosmenati ng portions of a main data signal. WRCOA/NVHLGES

PCT/ US02/ 00682 19 21. The method of claim 17, wherein the first updated
offset is 2 generated with a first time tracking |oop and the second
updated offset is generated wth a second tinme tracking |oop. 22. The

met hod of claim 17, further conprising denodulating 2 further received
signals using the first updated offset and the second updated offset. 23. A
met hod for offset time tracking in a nofgnegligible nultipath 2 spacing
envi ronnent enconpassi ng an antenna diversity system the antenna diversity

system conprising a phyral ith¥ REhedeNTam SROANLERNGR filst RPdAcaRdLaied
signal, the 4 nethod conprising: denodulating a first nodul ated signal of

t he plur2l i iggnerhtedonith atfiest tinde Sackiag booprand the feqontl updated wifsteid gehemtd i n
response to a. first offset; dul ati ng a second nodul ated signal of the

.de
plurality of'ifhitacap Hmega%lf‘@glg{%?' into a second denpdul ated signal in

response to a second offset; determning a first energy magni tude of the
first denodul ated signal a 10 predeternined tine prior to the first
of fset; determ ning a2@ecoddicemethgd afagjaim Ude foftherheompriging demodulasingd

i I d d ti he fi ff ' i
2 first o SpRuTaRerRoinehes PR RAEMR rBet dRghbriopt LhdafBREC ™ o2

di fference between the first and the second energy magni tudes; determ ning
a third energy magni tude of the second denodul ated 16 signal_ a )
predetermned tinme pri2dr td mgthoddenefdses timedrackingtinpmopmsgligiblegnyltinatner gy

e e o TR RS R SR By
second denpdydtahedngirgingla plaral2P of esteomseatlo transhitfirey @ moelubmdédvagmals the t hird
and Fourgh o S comatgs 1o
demodulating a first modulated signal of the plurality of modulated
6 signals into a first demodulated signal in response to a first offset;
demodulating a second modulated signal of the plurality of modulated
8  signals into a second demodulated signal in response to a second offset;
determining a first energy magnitude of the first demodulated signal a
10  predetermined time prior to the first offset;
determining a second energy magnitude of the first demodulated signal
12 apredetermined time subsequent to the first offset;
generating a first error signal for the first demodulated signal in
14  response to a difference between the first and the second energy magnitudes;
determining a third energy magnitude of the second demodulated
16  signal a predetermined time prior to the second offset;
determining a fourth energy magnitude of the second demodulated
18  signal a predetermined time subsequent to the second offset;
generating a second error signal for the second demodulated signal in
20  response to a difference between the third and fourth energy magnitudes;

generating a first updated offset in response to the first error signal;

22 and



generating a first updated offset in response to the first error signal; 22
and WD 02/ 061963 PCT/ US02/ 00682 20 generating a second updated offset in
response wo wbeissecond error 24 signal. 24. The nethod of pciraisoe/2@s2 wher ei n
the predetermned tine prior 2 to the first offset is half a chip time and
the predeterm ned tinme subsequent to the first offset is half a chip tine.
25. The nmethod of claim 23, further conprising conbining the first 2 and
second denodul ated signals into a single data signal by denultiplexing the
first and second denodul ated subset signals through a data denultipl exer.
26. An offset tinme tracking apparatus thgt tracks a tine offset ina 2
non-negligible nultipath spaci ng environment enconpassi ng an ant enna
diversity system the ARLGRAR d0ic¢Eh ubdated TR FOFRpoNY e Rbed bddr Of
antennas each 4 transmtting a nodul ated signal, the apparatus conprising:
a tim n@dof fssgral.t hat provi des an indication of the nodul ated signal 6

| ocation; a first denodul ator, coupled to the timng offset, that generates
a first 8 denodulated signal in response to the timng offset and the

nodul ated signal; a segond mrm@tub@bpmanﬁquwﬁé}ehpthéfpeedetdﬁnn&dqfrﬁéﬁxti@r t hat
generates a 10 second denodul ated signal in response to the offset and the

nodul at ed sitgid firshefdyes ishalf yehp tiae) ang the predeternained Hipesubgeuend éo therfust
signal for ”}Fse{f.srhgltfac%&}t(ijlggl)du' ated signal, the neans for generating
coupled to the rmng orfset,; means for generating a second energy

magni tude error signal for the 14 second denodul ated signal, the neans for
generating coupled to the timng offset; neans for generating an average

t, [
energy magni tude error?3si gnidic methagot daigy 3 dustheriopmprisingcoginiag s dster r or
: s . : . . - .
signal s; sand,,g skbdf &eﬁxﬁjﬂlﬁldg&éj LR it QURLRe ?ﬂg:slkglgﬁfgflgmf I&Sr%z{h@tﬂd-ﬂg an

average 18 energy magnitude efror signal® S an ated of f set
i n response and stdvad demodulated subset signals through a data demultiplexer.

26.  An offset time tracking apparatus that tracks a time offset in a
2 non-negligible multipath spacing environment encompassing an antenna diversity
system, the antenna diversity system comprising a plurality of antennas each
4  transmitting a modulated signal, the apparatus comprising:
a timing offset that provides an indication of the modulated signal
6 location;
a first demodulator, coupled to the timing offset, that generates a first
8 demodulated signal in response to the timing offset and the modulated signal;
a second demodulator, coupled to the timing offset, that generates a
10 second demodulated signal in response to the offset and the modulated signal;
means for generating a first energy magnitude error signal for the first
12 demodulated signal, the means for generating coupled to the timing offset,;
means for generating a second energy magnitude error signal for the
14 second demodulated signal, the means for generating coupled to the timing offset;
means for generating an average energy magnitude error signal in
16  response to the first and second error signals; and
a time tracking loop, coupled to the means for generating an average
18  energy magnitude error signal, that generates an updated offset in response to the

average energy magnitude error signal.



average energy magnitude error signal. W 02/061963 PCT/ US02/ 00682 21 27.
The apparatus of claim26, further conprising a radio 2

f r equencywomloeeband converter, coupled to both the firstrcanozemend
denodul ators, for converting the nodul ated signal to a baseband frequency.
28. The apparatus of claim 26, further conprising neans for 2 weighting
the first and the second energy nagnitude error signals in response to
their respective magnitudes. 29. An offset tinme tracking apparatus that
tracks a time offset in a 2 non-negligible nmultipath spacing environnent
enconpassi ng an antenna diversity systeny the antenna diversity system
conprising a plurality of antennas each 4 transmtting a nodul ated signal

the apparatus conprisipng: aHel hfparhiudi 58 Mifs o, tdthePr@YfIRIn@N iridbcat i on
of the first nodulated 6 signal |ocation; a second timng offset that
provi des2an frequéersattodnsabfand henwsicnreduplgd ho Hothahe dirss iagd s¢cond dlgmiodulatags,f i r st

denodul ator,. coupled to the .first dulated signal and the first 10 timng
of fset, tha org@ﬁg?lipgihe ?‘?Urlgtfdﬁlgﬂggﬁlaé’?%e a (?Bﬁ%qeﬁnc%i second denodul at or,
coupled to the second nodul ated signal and the 12 second timng offset,

t hat generates a second denodul ated signal; neans for generating a first
error signal for the 28rst Thentrparaue@t daim2gn{prthemeomprsiag fragansefsr at i ng

cl
coupl ed to 2 fir L m ff r e i + 16
reans. fof gegiirehe bTaRE R sehily ARy eyl brrof RSPl RA0R thef
si gnal , the respactdvefmagngedst ati ng coupled to the second timng of fset and

the second 18 nodul ated signal; a first time tracking | oop coupled to the

nmeans for generating the first 20 error signal, the first tinme tracking

| oop generating an upggt ed Ay et kind t?&kﬁ{gf aiyz)tﬁaatnﬁ%at frackd 386nd Bffsct YRaEqUENt

denodul ation of the first nodul ated signa
2 non-negligible multipath spacing environment encompassing an antenna diversity

system, the antenna diversity system comprising a plurality of antennas each
4  transmitting a modulated signal, the apparatus comprising:
a first timing offset that provides an indication of the first modulated
6 signal location;
a second timing offset that provides an indication of the second
8  modulated signal location;
a first demodulator, coupled to the first modulated signal and the first
10  timing offset, that generates a first demodulated signal;
a second demodulator, coupled to the second modulated signal and the
12 second timing offset, that generates a second demodulated signal;
means for generating a first error signal for the first demodulated
14  signal, the means for generating coupled to the first timing offset and the first
modulated signal;
16 means for generating a second error signal for the second demodulated
signal, the means for generating coupled to the second timing offset and the second
18  modulated signal;
a first time tracking loop coupled to the means for generating the first
20 error signal, the first time tracking loop generating an updated first timing offset that

is used for subsequent demodulation of the first modulated signal; and



WO 02/ 061963 PCT/ US02/ 00682 22 22 a second time tracking |oop coupled to
the nmeans for generating the second error signal, the second tine tracking
| oop genewatozspgoan updat ed second 24 timng offset that i fCcoasd2/bmws2
subsequent denodul ati on of the second nodul ated signal. 30. The apparatus
of claim?29, further conprising a data 2 denultiplexer coupled to the
first and the second denodul ated signals, the data demnultiplexer conbining
the first and the second denodul ated signals. 31. The apparatus of claim
29, wherein the neans for generating 2 the first error signal further
conprises: neans for determ ning a priornjyenergy |level of the first

denodul ated 4 signal a predetermined tinme prior to the first timng

of f set; ans for deterg.ni i 6
dermaui 2ed si gnal 8. oresai e (EARARIGR cRRAE & leEinsaor PRradche

of f set; and secorinardrogigiaintiiensengnd tieeptrackinghabpt penesatbgeap epdatedeegnd| evel s

to 8 generate the first error _signal. 32.. The apparatus of claim 29,
wher ei n e HRAROTSH thed i uag SEHEnS dEBR uléﬁgw?éﬁ@ segonl mpduated

conpri ses: FRAAE for determning a prior energy level of the second
denodul ated 4 signal a predetermined time prior to the second tim ng
of fset; neans for determ ning a subsequent energy |evel of the second 6

denodul at ed signal a I%ede rmned tinme sqbse%n o the second ti.m ng
of fset; and neans for condifi ABPEARSHPF oF a1 h Eriiig s sMRHEEnar 821 evel s

to 8 geper emultifesd Cpledr toOthesfi@nahd tBS sedohdaddimbtivl Red kbR thee@Maver, a
nmet hod for offset time tracking 2 in a non-negligible nmultipath spacing

envi ronment demulinierssporpbiaimedhe Ershandithgspennd\depyodalaiediemels. PCT/ US02/ 00682
23 system the antenna diversity systemconprising a plurality of antennas
each

31.  The apparatus of claim 29, wherein the means for generating

2 the first error signal further comprises:

means for determining a prior energy level of the first demodulated
4  signal a predetermined time prior to the first timing offset;

means for determining a subsequent energy level of the first
6  demodulated signal a predetermined time subsequent to the first timing offset; and

means for combining the prior and the subsequent energy levels to

8  generate the first error signal.

32.  The apparatus of claim 29, wherein the means for generating
2 the second error signal further comprises:

means for determining a prior energy level of the second demodulated
4  signal a predetermined time prior to the second timing offset;

means for determining a subsequent energy level of the second
6 demodulated signal a predetermined time subsequent to the second timing offset; and

means for combining the prior and the subsequent energy levels to

8  generate the second error signal.

33. In a mobile station receiver, a method for offset time tracking

2 in a non-negligible multipath spacing environment encompassing an antenna diversity



4 transmtting a nodul ated signal, the nethod conprising: denodul ati ng each
of the plurality of signals based on a tine offset, a 6 plurality of data
despr eadiwg 2peueences, and a plurality of pilot estimatespcaash/eicgnal
having a different data despreadi ng sequence of the plurality of data
despreading 8 sequences and a different pilot estimate of the plurality of
pilot estimates; generating a plurality of time tracking error signals, one
for each of the 10 plurality of denodul ated signals, in response to a

pi | ot despreadi ng sequence for each of the plurality of denodul ated
signals; 12 generating an average tinme bgacking error signal in response to
the plurality of tinme tracking error signals; and 14 generating an updated

offset in " S30ERS Sl Oanw?ﬁaaa'i%@gg %yjsf@?n tc?@?{ﬂsﬁ% ae;{lﬁparutysi&nﬁhen&ééedcﬂ a

nmobil e station réceiver, a nethod for of time tracking 2 1n
non- negl #gi htaasmirtiig paiotulaedscigngl, revnethodresthpesicgnpassi ng an ant enna

di it t th t di j t ' i Si | it f
ant ennas’ cach 4 tr andRMORNAGE AT BETIG R P B A GHA AT EE PP s ng.
denodul agi n%lﬁﬁi@f&%ﬁ%%@&ﬁﬂg §écﬁ_@ﬁ‘ées,|0§n_dt4‘ﬁupiliw &t pilot eOfimared eha ﬁgnaIG

signals into a first denodulated signal in response to a first offset, a
first data hdemgradidfenentsiatpidespesadingisequengesef {hiel plurabity ofrdate; degpreading

denodul ati ng a secon ul at ed, si.gnal t he plurality. .of nodul ated

i gnal s Pt dedheBEEand sqe e S ERihal e Rl dTBubt Sl ong “or  ser, a
second data 10 despr @aflirithSLEMEINNER of NG tACKAE @ABr fhdN, 0fs ForBatieof the
generating a first error signal for the first denpdulated signal in 12

r espons @0t o phuraktyof gempdylaisd signalsi rigsponsestogepilat slgsripading seauenceder eashul at ed
signal, a e ] i [y p the first offset and a predeterm ned
Rt élgxrawgcﬁ%fﬁfop&la%d s%nf'ifs

ti me subsequen I'Tst Ssét; generating a second error signa
for thelgecond denpdulgahedtisg gnalvetage tibfic trackiogerot cigmin rdasgonse @ thel ot
signal, associated with the first nodul 3t ed signal, a WO 02/061963

PCT/ US02/ 00 ®durality of time tracking error signals; an
14 generating an updated offset in response to the average time tracking

error signal.

34. In a mobile station receiver, a method for offset time tracking
2 in a non-negligible multipath spacing environment encompassing an antenna diversity
system, the antenna diversity system comprising a plurality of antennas each
4  transmitting a modulated signal, the method comprising:
demodulating a first modulated signal of the plurality of modulated
6 signals into a first demodulated signal in response to a first offset, a first data
despreading sequence, and a first pilot estimate;
8 demodulating a second modulated signal of the plurality of modulated
signals into a second demodulated signal in response to a second offset, a second data
10  despreading sequence, and a second pilot estimate;
generating a first error signal for the first demodulated signal in
12 response to sampling of a pilot signal, associated with the first modulated signal, a
predetermined time prior to the first offset and a predetermined time subsequent to the
14  first offset;
generating a second error signal for the second demodulated signal in

16  response to sampling of a pilot signal, associated with the first modulated signal, a



predetermned tine prior to the second offset and a predetermned tine
subsequent to 18 the second offset; generating a first updated offset in
response wo oehe19birst tine error 20 signal; and generati ngCa/ssevorns2 updat ed
offset in response to the second time error 22 signal. 35. A nethod for
offset time tracking in a non-negligible nultipath 2 spacing environnent
enconpassi ng an antenna diversity system the antenna diversity system
conprising a plurality of antennas each transmitting a nodul ated signal,
the 4 nmethod conprising: denodul ating each of the plurality of nodul ated
signals into a plurality 6 of denodul athgd signals, each signal being
denodul ated in response to an offset, a data despreadi ng sequence, and a
pi | ot estiMBredetGmPRAGIAL b B the cBhd bifsfang b pPdeRNRISmOABséen@Ch OF
the plurality of denodul ated signals, each in'response to sanpling of a
pi | ot silgnalthessond affeed; wi th 10 each nodul ated signal a predetermned tine
prior to the offset and a predeferm ned, tjine.subsequent to.the offset; and
12 generating a pl ura|gep§,ragpg &pﬁ%?f é‘BH%tF‘Iié’ﬁsgt, I KSROR troetgﬁgfﬁétegfnﬁ TEh of
the plunglitsyemaf; ahme error signals. 36. The nethod of claim1, wherein the
antenna diversity systemis 2 a receive antenna diversity system 37. A
met hod for of fset ti nieneragig hgecond apdased ofdsst ingiespansertnt thie segdad ttnesysati ng
envi ronngnt gen%i)npassi ng an antenna diversity system the antenna diversity
system rrprsl‘(%nl ng a plurality of antennas each transmtting a nodul ated
signal 4 having an associated pilot signal, the nethod conprising: WO
02/ 061963 PCT/ US02/ 00682 25 denodul ating a nodul ated signal_ of the
plurality of nodul at ed3si grfamsthod farnelfset Gmedracking g pmopmeghigigle multipath
g ielsg{ eg?ggg lsﬁ?&le@r%ﬁronﬂ{Eﬁt EheBhiph&idd ah Afterh lifer &St dyIRIC the AlendR dRRRQG at ed
system comprising a plurality of antennas each transmitting a modulated signal, the

4  method comprising:
demodulating each of the plurality of modulated signals into a plurality
6  of demodulated signals, each signal being demodulated in response to an offset, a data
despreading sequence, and a pilot estimate;
8 ' generating a plurality of error signals, one for each of the plurality of
demodulated signals, each in response to sampling of a pilot signal associated with
10  each modulated signal a predetermined time prior to the offset and a predetermined
time subsequent to the offset; and
12 generating a plurality of updated offsets, each in response to each of

the plurality of time error signals.

36. The method of claim 1, wherein the antenna diversity system is

2 areceive antenna diversity system.

37. A method for offset time tracking in a non-negligible multipath
2 spacing environment encompassing an antenna diversity system, the antenna diversity
system comprising a plurality of antennas each transmitting a modulated signal

4  having an associated pilot signal, the method comprising:



8 generating an early tinme tracking error signal in response to a pil ot
despreadi ng sequence for the associated pilot signal, an accunul ati on of

t he pil otwolQ/sisgnal over a predeterm ned interval, and aPprrsb2/pesz al ity
of sumsignals that are generated in response to a synbol position in the
associ ated pilot signal; 12 generating a late tinme tracking error signal in
response to the pilot despreading sequence for the associated pil ot

signal, an accurulation of the pilot 14 signal over the predeterm ned
interval, and a second plurality of sumsignals that are generated in
response to the synbol position in the agsociated pilot signal; 16
generating an average time tracking error signal in response to the early
and late tinme tracki ngefblfhiss 8 aidalaté@lgdd ogq&eﬁla;amgomow%a%fgngfsf set
in response to the average time tracking “error signal”. 38. A nethod for

of f set t bne basedodd agmiepftact o dataalgbprgading senuiendepandha plalr@lpta@f pyotegstimatasment
enconpassin an ant.enna d ver |ty system the antenna diversity system
conpri si ng 6PG%QPF§§P8P ﬂﬁ? nnas each transmitting a nodul ated signal 4
having ap associ at ed peh&htiss ahdhsly tthee tRENAE cHOMBIgnal I0icspOREMAd Piliotd
denodul ated signal in response to a nodul ated signal of 6 the plurality of
modul at ed sidgsripadingseavenexfor the datariated piletatizrrl, v qeemedatiomat she wﬂq}r ality

of pi | 0os analy 651 IBteRie i SONGIALINEED. £AT bR RISATh Sl rel e
9 § n3Y a sanpling p

denodul f ésponse assocl a S|gnal
prior to th%eﬁﬁrﬁt&&ﬁn ﬁ@pbnaemJa@;tmbcﬂ(i;osiasptrealdiamcﬁmtﬁla)cagnﬂ;currul atl ng the
early despread signal over a predetermned chip .12 interval to generate a

first sy&bol; gener at iBfBETANRG Pslﬁtes%lﬁfft@tc ‘tnlgeeré‘ﬁrﬂlgﬂac!légrS?%PQ&S%F‘bﬂ%fI Pi®¥at s
made up of élé%)rts;g% %g% néé’motlheaaQQC ééid?h teggxfxdlr% aéé{.{mﬂlmonv@gg 963

PCT/ US02/ 00 rating a secon the ear despread signa
t hat i s ldnadeignpl ovks tief prethagefmined mwﬂohnchmdecmnd@@a‘a]mymfcshm hignadethayad fir st
synbol ; ) e . o
generated in response to the symbol position in the associated pilot signal;
16 generating an average time tracking error signal in response to the
early and late time tracking error signals; and
18 generating an updated offset in response to the average time tracking

error signal.

38. A method for offset time tracking in a non-negligible multipath
2 spacing environment encompassing an antenna diversity system, the antenna diversity
system comprising a plurality of antennas each transmitting a modulated signal
4  having an associated pilot signal, the method comprising:
generating a demodulated signal in response to a modulated signal of
6 the plurality of modulated signals, an offset, a data despreading sequence, and a
plurality of pilot signal estimates;
8 generating an early despread signal for the demodulated signal in
response to a sampling of an associated pilot signal prior to the offset and a pilot
10  despreading sequence;
accumulating the early despread signal over a predetermined chip
12  interval to generate a first symbol;
generating a first sum for the early despread signal that is made up of

14  the first symbol and a delayed first symbol;



generating a first error signal in response to a sanpling of the first and
18 second suns for the early despread signal; generating a | ate despread

si gnal fowotdhmethesrodul ated signal in 20 response to a samoltiusg2/odest he
associ ated pilot signal subsequent to the offset and the pilot despreading
sequence; 22 accunul ating the | ate despread signal over the predeterm ned
chip interval to generate a second synbol; 24 generating a first sumfor
the | ate despread signal that is made up of the first synbol and a del ayed
first synbol; 26 generating a second sumfor the | ate despread signal that
is made up of the first synbol and a negative of the delayed first synbol;
28 generating a second error signal in response to a sanpling of the first

and second suns for thenlatify §e8¥n8amSio AR sarlPUIFRE SlchNUAh s AYREIPE
error signal in response to a weighted sum befween the first and second

error silgnalof thedfimst Senbopd amd anégagvenf tpdataged Hfsk spnbaln response to the
average error signal.

chip 2 interval is 2§§g@ﬂg%§?%%%Eggﬁggwgbﬁé%b§%k3$ggh&%§?éaﬁgggﬁ%%%ﬁ;n]ned
sanmpl i nggof sténdisums foraReleary §RprAdsigHars for the early and late signals is
performed at 512 chip éegér?l{nga | aS late despread signal for the demodulated signal in
20 response to a sampling of the associated pilot signal subsequent to the offset and the
pilot despreading sequence;
22 accumulating the late despread signal over the predetermined chip
interval to generate a second symbol;
24 generating a first sum for the late despread signal that is made up of the
first symbol and a delayed first symbol,;
26 generating a second sum for the late despread signal that is made up of
the first symbol and a negative of the delayed first symbol,;
28 generating a second error signal in response to a sampling of the first
and second sums for the late despread signal;
30 generating an average error signal in response to a weighted sum

between the first and second error signals; and

32 generating an updated offset in response to the average error signal.

39.  The method of claim 38, wherein the predetermined chip
2 interval is 256 chips.

40.  The method of claim 38, wherein the sampling of the first and

2 second sums for the early and late signals is performed at 512 chip intervals.



