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priority to U S. Provisional Application No.

60/ 454,378, filed on March 12, 2003. Feld [1001] The

present invention relates to wireless comrmunication

systens generally and specifically, to nmethods and

apparatus for estimating a pilot signal in a code
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Ina wreless ra tion system
many users conmuni %anigfm@'ﬁ@ S chan%el. The
use of code division nultiple access (CDMA) nodul ati on
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Relatefl Apjdicationsers are present. O her nultiple access

0 j catjon system techni
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fﬂedgdermfz%ggss (FDMA) are known in the art. However,

he spread spectrum nodul ati on techni que of CDVA has
S|gn|f|cant advant ages over these nodul ation
E"ldtechniques for nmultiple access comunication systens.
1e [ 1003] The CDMVA techni que has many advantages. An
[IOOIQXGWWh@ eV vEMEInEFldtSs to @& Idsd REminttiniéafion Rebtembluenerally and
4,901, 307, entitled "Spread Spectrum Mul tiple Access

specifesh i @athOdﬁ arm, apparatussion gstisadting) 4 pitot signiteinr2eeqdej diyision multiple
accesgeggsc? ers", issued Feb. 13, 1990, assigned to the

SSi gnee of the present invention, and incorporated

herein by reference. An exenplary CDVA systemis

further described in U S. Pat. No. 5,103,459, entitled
Backgrgunidsy And Met hod For Generating Signal Waveforms In
CDiA d
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1004] In ach t he abo atents, the use.of
techniGBER P kse(vsral SecBigER 107 BCHBRITEL cOmPUcaions, i ghich a large

numbst 8P @stdn® uskr$ £k PeREnt. CRABORLIY pleacBedsTMMNMi@HiBA System techniques,
conmuni cati on system

such as time division multiple access (TDMA) and frequency division multiple access

(FDMA) are known in the art. However, the spread spectrum modulation technique of
CDMA has significant advantages over these modulation techniques for multiple access
communication systems.

[1003] The CDMA technique has many advantages. An exemplary CDMA system is
described in U.S. Pat. No. 4,901,307, entitled "Spread Spectrum Multiple Access
Communication System Using Satellite Or Terrestrial Repeaters”, issued Feb. 13, 1990,
assigned to the assignee of the present invention, and incorporated herein by reference. An
exemplary CDMA system is further described in U.S. Pat. No. 5,103,459, entitled "System
And Method For Generating Signal Waveforms In A CDMA. Cellular Telephone System",
issued Apr. 7, 1992, assigned to the assignee of the present invention, and incorporated herein
by reference.

[1004] In each of the above patents, the use of a forward-link (base station to mobile

station) pilot signal is disclosed. Commonly in a CDMA wireless communication system,
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During initial systemacquisition, the nobile station
searches through PICT offsets to |ocate a base

such st &ait deScsibeqb il BIA/ZILYAA95, eqelor sighags achedcordtratsenitting a constant

t th d t abl h
TR S TR T
signdld) qthectﬁ?ﬁ)@ Eﬂgﬁﬂ% itfpidhlR- coVeted Wb thelilR4o GB4lste EHQISJ,HI@Q During initial

I"e Derrodul at or chitecture For A S r ead ectrum
systenu Iaatqupileon Ah@emﬂ@cstﬁmnﬁéaﬁh@ﬁnth&kﬂieﬁhl offisgls u@docmma bgse station's

pllotlsgg%'gah ?@Sl 9 ﬁ‘gﬁ Ita%gltg?cg bF Zfl%%ﬂ nearl nltt rb%%nqhg e%gxtﬁve a stable phase and

magiifd8 Skfdretentdr Yoohbieht @e@@ﬂ@lﬁ@én odnch 3e£§) that dedceided in U.S. Pat. No.
radi ot el e hone communi cati on systens_ have been

5,764p%hcutHe Mwhﬂ@hDﬁmoéW@FogeAmhﬁﬁcte% BT o sipipacbSpeqsum Multiple
AcoBFEuRABALERY Sl S8Rk, 051098 St MEMRLRcs e prescn

inveistioat hm.hint:b@nmd lserem biraekerenee.Li nk Pi | ot Chan neI
he base i on uses.fo

[100 qE :R:ﬁClE%qlt haintr rg@ner?.hcgb a(%gW1ﬁe¥?ﬁ% rqdé%tg{ep Qe 8?{@1}18%3“011 systems

havetRER é)%’iﬁﬁe& & VhEHYa réREeNANEImEHIR fiftlon"Basidé SIXBBA)Spilot channel is
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[1006ked Pilohsienplsrean beoaiiecied by noks, fadieg ag faggors. As a result, a
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BRIEF DESCRIPTION OF THE DRAWINGS

[1008] FIG. 1 is a diagram of a spread spectrum communication system that supports a
number of users.
[1009] FIG. 2 is a block diagram of a base station and a mobile station in a
communications system.
[1010] FIG. 3 is a block diagram illustrating the downlink and the uplink between the base
station and the mobile station.
[1011]  FIG. 4 is a block diagram of the channels in an embodiment of the downlink.
[1012] FIG. 5 illustrates a block diagram of certain components in an embodiment of a

mobile station.



[1011] FIG 4 is a block diagramof the channels in an
enbodi nent of the downlink. [1012] FIG 5 illustrates
w@2ko8l6dli agram of certain conponents in an ePGDUS2084007681

of a nobile station. W 2004/ 082166 PCT/ US2004/ 007681
3 [1013] FIG 6 is a flow diagram of an enbodi nent of

a nethod for estimating the ?)i ot wusing a swtched

double IR (Infinite Inmpul se Response) filter. [1014]

FIG 7 is a block diagramillustrating the inputs to

[1012ind BIGp6itis afﬂomvrdisagmnh of an esthiodanénd of compibné for, ettty the pilot
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an exenplary method for estimating the pilot using a
estingiioh chrepormtibl e IR filter. [1017] FI G 10 is a block
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[1018"DOGIGENG $s 2 Wickaliddiem\vTpilot sstinaspct sere fthd fikering is broken down

enbodi ments are presented in drawi ngs, the draw ngs
into gy banfR cCABPERYHY-i |y drawn to scal e unl ess

specifically indicated. [1019] The foll ow ng

di scussi on devel ops the exenplary enbodi nents of a

data-driven pil ot IEI‘AHBEDrDESCRiIP'EIONi scussing a

trumw rel.ess co an .system
1003 SR B U™ S STUPRRTA R Bl gy o e
instahBE oPARRL B oS P ELly HbRRmMBR RséllRA hefRii a8 eXehpRF! 1s&1@dnecessanly
using nore than one filter, where each filter is_tuned
to bé @Dnsirlpdras‘.l prefeared eubdbhangedus mrpﬁh@m@b@maws While the various

aspe‘(;ta o?gl.e t Of %b}igl & gefiﬁhlg?ar\];vl g h(%r\ﬁglﬂ%g a%eﬁllx(ﬁtniegélsaﬂly drawn
to sciRamids §1%ciﬂUzlll§UhﬁhbdtédJSt rations and mat hemat i cal
derivations for a Prediction Error Method (PEM

[10181 | otThestollawing d1s¢ps§wnt daplogs MR eEFaOPlaLyy ergquhlg tﬁé)% a data-driven
pilot nelgﬂtlgh o1eb}I Mstt?i;r u % eglassgke%ﬁ%gectﬁ?ﬁ? Rl oMt RioRNYstem. The

ati’ons
methodology for the systems herein includes modeling the Doppler spectrum as more than

one subchannel and using more than one filter, where each filter is tuned for a particular
subchannel. Components of an embodiment of a mobile station are shown in relation to
providing a pilot estimate. Included in the specification are illustrations and mathematical
derivations for a Prediction Error Method (PEM) based pilot estimator. A switching method
for using the multiple filters is disclosed. Exemplary formulas and calculations for the real-
time pilot estimation are illustrated.

[1020] Note that exemplary embodiments are provided as exemplars throughout this
discussion, however, alternate embodiments may incorporate various aspects without
departing from the scope of the present invention.

[1021] One exemplary embodiment employs a spread-spectrum wireless communication

system. Wireless communication systems are widely deployed to provide various types of



time pilot estimation are illustrated. [1020] Note
that exenpl ary enbodi nents are provided as exenpl ars

wo brsghieut this discussion, however, alternaP€r/us2004/007681
enbodi ments may i ncorporate various aspects w t hout
departing fromthe scope of the present invention.
[ 1021] One exenpl ary enbodi fent enpl oys a
spread-spectrum w rel ess conmuni cation system
Wrel ess comruni cati on systens are w dely depl oyed to

comniinRAkies sMe hOWdicky pas, 8fd WoROOHR82Y&6ms may be based on CDMA,
PCT/ US2004/ 007681 4 conmuni cat-i on such as voi ce,

TDMdaDaSOIm}@h%n@Wllam@@h@Wgens may be based on CDVA
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esl gne support one or nore
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mcmiFBﬁte‘élt}@Péiﬂbgisef@ﬂehea her ei nabove are hereby expressl y
mcoEEdorat ed herein by reference. [1Q23] h sta
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[102@?0t K86, St RRARN L ad LR2ADIFIG cdmPRMYRSioAs sPdlerXEOTPIGL supports a

comuni cat1 ons system 100 that supports a nunber
numbdr ofS esess and is Scapalpiatxbfenmﬂemmmmhﬂqaﬁ‘g seme | aspaGts ffhe concepts

d1scq)s§q:qeg%r§m8; Ahgtquagg/%ﬁﬁy 05 em‘f}ﬁ% 33(62)19 I%h{ls Idnro {¥afe +Rnsmissions in

systdi 206 T59séR 'l%)O'ﬁi‘ovﬁé’s%cﬁﬂhﬂrﬁ@aﬁoS}@f @muilr%r Df callsdR A~ 102G each of
communi cation for a nunber of cells 102A-102G _ea f
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embadiment: 205 orERe B5de d&hohs 108 HaOE niBPR! REMve antennas and others have

only one receive antenna. Similarly, some of the base stations 104 have multiple transmit
antennas, and others have single transmit antennas. There are no restrictions on the
combinations of transmit antennas and receive antennas. Therefore, it is possible for a base
station 104 to have multiple transmit antennas and a single receive antenna, or {0 have
multiple receive antennas and a single transmit antenna, or to have both single or multiple
transmit and receive antennas.

[1025] Terminals 106 in the coverage area may be fixed (i.e., stationary) or mobile. As
shown in FIG. 1, various terminals 106 are dispersed throughout the system. Each terminal
106 communicates with at least one and possibly more base stations 104 on the downlink and

uplink at any given moment depending on, for example, whether soft handoff is employed or



enbodi nent, some of the base stations 104 have
mul tiple receive antennas and ot hers have only one
WO e@eiosde@nt enna. Simlarly, sone of the base BCRUSINE007681
104 have nultiple transmt antennas, and others have
single transmt antennas. There are no restrictions on
the conbinations of transm? antennas and receive
antennas. Therefore, it is possible for a base
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and 10067 omdholewalik, besecuaiian VUG FHsai Aiia 1o jeminals F*Q%% pd 1061, base
‘ nd System for
Statl(fgr %Oﬁﬁd%%éngtgéa?ttg%%aﬁg O?qeénla%%l\/& Cel l ul ar Tel ephone
[1028y st &1t5, 2vkiablotk ddasignefdhe datd etatien 2R emdamobile station 204 in a
present invention 102 e domlink refers to
compHBRSHATS SYHRDY r St S erb 304 fak BiCl gt ympREa Ay iy fhe mobile

| r
s AITELBLH R LSS o, M RGEETE a0t satons 204
that RKFAW@ kteer sygrenieh didi addition, mohide sthtionsr2@¢madysals@ Gramwunié signals to the base
é%l pl e recei ve antennas and others have only one
statig ve antenna. In FIG 1, base station 104A

[102%1 anSFl‘GI 3 Gataaplioekt @hfaRRlos theGhse A0ioch0Bd2 amdt Hvbile station 204
ownl i nk, base station 104B transmts data to

illustraing thaldswniisl 387 dnd Ui uplinks04. sThe Aevnlink303 refpisip tegnsmissions
RO R —

fromSthé biobile #@foh DOAto hE BEH BARNIADS SYSst em A base
station 202 is in wireless comuni ca

[1028bbi IHG. int blosk dingramef phannels i an meiﬂh@f ‘&ﬁ&@wnhnk 302. The
] i I t
o S0 P A 5 o0 .
traffidOhanasl 408 0 The atvsmilinks3@Pndlustrated tih @nbaeme psmblc cmbodiment of a
202.
downlink and it will be appreciated that other channels may be added or removed from the
downlink 302.

[1030] Although not illustrated, the uplink 304 may also include a pilot channel. Recall

that third-generation (3G) wireless radiotelephone communication systems have been
proposed in which an uplink 304 pilot channel is used. For example, in a currently proposed
cdma2000 standard, the mobile station transmits a Reverse Link Pilot Channel (R-PICH) that
the base station uses for initial acquisition, time tracking, rake-receiver coherent reference
recovery, and power control measurements. Systems and methods herein may be used to

estimate a pilot signal whether on the downlink 302 or on the uplink 304.



[1028] FIG 3 is a block diagramof the base station
202 and nobile station 204 illustrating the downlink
wWao@4asres he uplink 304. The downlink 302 ref ePCT/U62004/007681

transm ssions fromthe base station 202 to the nobile

station 204, and the uplink 304 refers to

transm ssions fromthe nobi@ e station 204 to the base

station 202. [1029] FIG 4 is a block diagram of

channel s in an enbodi nent of the downlink 302. The
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certa nponents 1 n-an enbodi nent
[1038] a Referring again to FIG. 5, a spread spectrurn signal is received at an antenna 506.

The received spread spectrum signal is provided by the antenna 506 to a receiver 508. The
receiver 508 down-converts the signal and provides the down converted signal to the front-
end processing and despreading component 510. The front-end processing and despreading
component 510 extracts the received pilot signal from the down converted signal and provides
the received pilot signal 512 to the pilot estimation component 514. The received pilot signal
512 commonly includes noise and degradation from fading.

[1035] The front-end processing and despreading component 510 also provides the traffic

channel 516 to a demodulation component 518 that demodulates the data symbols.



nobil e station 504. O her conponents that are
typically included in the nobile station 504 may not
wheookloBaisé r at ed for the purpose of focusing onPdTTrI=182004/007681

novel features of the embodinments herein. Many

enbodi nents of nobile stations 504 are commercially

avai l abl e and, as a result,”those skilled in the art

wi || appreciate the conponents that are not shown.
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mgna@X'Ka&ﬁimS filtess dre kabwe dypthbset sk$]ileghml thé ragm InhsbodpaviKalman filter is an

ot S BB 8 S S s igan o

systegr? Gl Y a?és t?i& cﬁﬁ?{ﬁadalue@; Sf SAAIME ¥ infebsddasnitRbar ©f dédurces are
egrada rom fadi ng. "[ 1035] The front-end

curreptlg taesmatbm@t}mn dxpleinpin eletiilribe uwpf)K@hnaIBflberal ofeyt of/thgesresources

b S48 4 BB LiTRAH 20 SRR v
Musﬁ@_r ﬁﬁjﬁ‘ﬁﬁg%lﬂgﬁﬁﬁ Ind Ndut 3K twbies"Pby Simes tHayRin omd "Estimation and

conmponent 514 provi des an esti mated pilot signal 520
Trackmgt PenciplesmibhehnignemAnd SpBwera @1§aakpﬁé3qg1ﬁhé m and X. Rong Li, all

stimati on uses Prediction Error Method
Ofw}(“ﬁlcl%e lgﬁ%rpf’rﬁ%%enﬁ)ﬁﬁ TP 1 mpul se Response (11R)
[1039] | t eviSiti tpl%:SIIN filterb@rd usddhe@r estighase Urspitbt egmiv. Alfhexemplary system
pilot estimtion con‘gonent 514 may al so rov

using v AER &dfeysi widt be glugiaied 3pd dﬂ%uﬁﬁeﬁer %‘ﬁ%%s‘f @WZ bg?@premated that
- mord t}xgg {\k kIfR t\éféé % cBfd 3RBE %'s@cf fo@%wﬁﬁ%&% 57? t)ie@ et fBrtB RErein.

Ional processi‘ng t
[1040Dbi IFIGs 6ait ia0ffovs (Magraith €06 rtf abie reentiodarhertt g apmbt:hpd for estimating the
esti mation conpone 1
rr%eg J]oubFe ﬁR ll“lhf: system receives 602 the baseband CDMA

pilot using a PEM-switc
signal. Then the front-end processing and despreading component 510 performs initial

processing and despreading 604. The received pilot signal is then provided 606 to the pilot
estimation component 514. The received pilot signal has been degraded by various effects,
including noise and fading. The pilot estimation component 514 estimates 608 the pilot
channel using the PEM-switched double IIR. After the pilot has been estimated 608, it is
provided 610 to the demodulation component 518 as well as other subsystems 522.

[1041] Referring now to FIG. 7, before the PEM-switched double IIR in the pilot

estimation component 514 is used, several parameters that may be used by the PEM-switched



be nore fully discussed below. Generally, the pil ot

estimati on conponent 514 operates to estimate the
w@Rdoasasgnal and effectively clean-up the pilPBCT/E50ANOT681

by reducing the noise and estinating the original

pilot signal that was transmtted. [1038] Systens and

met hods di scl osed herein usé a Kalman filter to

estimate the pilot signal. Kalman filters are known

by those skilled in the art. In short, a Kalnman filter

doubl'e qIE@ Bre dHMdihéRind/ @Cdbt&Mtgdd altRs® deeasmed @armteteasl mag include initial
Kal man filter takes as inputs data relevant tot

Condlsw&, @mﬂmaléstqewdt Wlugsurdtentasy diseiseed  B5lo% ar &E%@émﬂed or

jnt er es r :
deteng{}’xgdlpfﬁng Fﬁ @ &%H‘{ﬁgiédn ?clg E[]l{e ﬁHLI %ﬁﬁxﬁ%ﬁoﬁs e&ﬁdnﬁgtt |r7flE/14n and its PEM
sw1tcf'1¢d dRibte ITR, ﬂ‘oqmb@‘ss theeseived golot m&kestm&e thiewmigianab piletlis real time.
of Kalman Filtering: A Practic n@ﬁpro ch" Paul LMS) or
[1042%3a, ch’aﬁllérﬁ!nb%\%@& anpEF £S useey) i@%ﬁtiﬁ%a%%lum (LMS) or
Mini Eﬂ %)gMﬁS@ ThaS&y Kithn A0, PEM 14384 hen@da preamble.
racki ng: |nC|p

: chni ques And’ Sof t ware" by
PEM YaedaopletBhyr dafhdiivem anddbaiXbe Rsmign (blind gpmupicaginn meaflees

100 PSR S S ShEb Y s S5 90, b B i

mad eﬁ@'p@lBY eSYRARM cotgpodent V4. | hddftidnhPd&aild bnd Beérivations known by
| ustrated and di scussed. However, it will be

thoseasm}eécmdte@dtarhaptmnhﬂ@h@falﬁ two IR filters could al so

[104@1 0 4gﬁd'§$<3éve ong%P ?éla e? 'aR éesgféagi;? i %\Qgrlﬁ)e@le following

form®@h: @ met hod for estimating the pilot using a
PEM swi t ched double IR The systemreceives 602 the
baseband CDVA signal. Then the front-end processing
and de readln%7conponent 510 per for mephpidih al
proces kng”%hﬁ despreadi ng 604. The received pil ot
signal is then provided 606 to the pilot estimation
conponent 514. The received pil ot signal has been

[10451°9" 34g qerr%Yve\&alf&n?ﬁ%(S %Sm Forfald uf“l@%gﬁ%bﬁt@d ay dytke The original

adi ng |on conmponent 514 esti

but f?(?eg ﬂlfé? ts%htlﬂqg relﬁ“gﬁ%ﬂf%ﬁlas Usi nghel s EMisoehCla %’prg&%‘:ﬁ%s v,. Fora

ot “Ras*bean st mated 608, i's

! HRndammRyli b9ansIoRARRAR BdBbafepystited by the
single pR%y rﬁ@@e%%@?&énsnszz 5 D Rororr %g nowygto e o

mathgmatiesl onedel HioumENA skirmeted. ddbb| eorfespending Reispj qogiponent may be
estimatjon co nent. used several paraneters
fePreFﬁH?Ajﬁééﬁ?‘e%“ﬁ‘gggo‘H@lPﬁé Pswi t ched WO 2004/ 082166
PCT/ US2004/ 007681 8 double I Ware obtained and/ or
determ ned. These deternined paraneters nmay i nfl udeg12

i L Wc Nezﬁpr Zdet ermi ned va
egtzc ﬁ’as d;H;C sseog’bel Rﬁg(iﬁ) hl ned or
V, = 8, Nl ﬁk+gk\/N10,m=; R, (mT, —T)W,

Formula 3.

[1046] The variables and parameters in the formulas found in Formulas 2 and 3 are given

in Table 1.



determ ned paraneters are provided to the pil ot
estimation conponent 714 and its PEM sw tched doubl e
WO biR4/08116r ocess the received pil ot and esti naPET/UB®04/007681
original pilot inreal tine. [1042] In this
enbodi nent, a PEMis used. Unlike Least Mean Square
(LMS) or M ni mum Mean Squar & Error ( MVBE) - based
esti mators, PEM does not need a preanble. PEMis
conpl etely data driven and can be used in blind
conmuni cation receivers. [1043] The follow ng
di scussi on provides details regarding the cal cul ati ons
that will be made in the pilot estimati on conponent
714. Additional details angdejivations known by
those skilled in the art are not i ncl uded herein.
[ 1044] The received pilot conplex envel ope after
desp;ﬁ%ding is given by the following formula: yk _
Vk + Formula 1. [1045] The received conpl ex
envel&%e |ﬁlﬁbﬁﬂﬂﬂ%éﬁ.ls represented as yk . The
or|g| but fadﬁg% iJot signal is represented as sk
The w0|sgb§6 s &°F§ represented as vk . For a
single path nDblle comuni cati on channel, the origina
pi | ot Lgj.gndlotaidyrarisemirBfPesent ed by the mathematica
nodel found in Formula 2. The correspondi ng noi se

conmponent: mck@,nn{,g fgggent ed by the forrmula found in
For mul @ “3. (~r Formula 2. S ,k =/" k eJ~A

Rhh \ 2 n.J k7~ ( ~+ Formula 3.

vk = 91§k1 l%éc\l(lgﬁﬂelg@%j E?/i)((%?eﬁhh M C -~)wk [1046] The
vari abkes and paranmeters in the forrmulas found in

For mul s : 2 Crmaplex GaessizinvRade Pravestawitle Clark Bpectoon/ 082166
PCT/ U82004/ 007681 9 Table 1. FEP : Pilot Envel ope
10c: PAWGYN Plaksse  'or: Total Transmt PSD gk :
AGC Co tlcf oI Si gnal

m, k: Chip and Symbol Counts
N : Processing Gain

th (T ) : Correlation

7. Time Offset

Nk, Wr:  Zero Mean Unit Power Gaussian Noise

[1047] The demodulation component 518 requires the phase of the pilot signal. In order
to obtain the phase, the signals may be written in a form comprising I and Q components

rather than being written in an envelope form. In Formula 4, y represents the received pilot

comprising its I and Q components. The faded pilot, without any noise, is represented as § in

Formula 5. The total noise is represented in Formula 6 as ¥ . Formula 7 illustrates the fade as

~

f-
[1048] Since demodulation requires pilot phase, we are going to deal with I and Q instead

of the envelope.



Pk: R ce (Rayleigh) Fade Process fk Conpl ex Gaussi an

Fade Process with Cark Spectrum O : Fadi ng Phase k
worpook/08216i p and Synbol Counts N : Processi hgP@RUS20RNN7681

(2) : Correlation z : Time Ofset nk, W : Zero Mean

Unit Power Gaussian Noi se [1047] The denodul ation

conponent 518 requires the pﬁ%se of the pilot signal.

In order to obtain the phase, the signals may be

witten in a formconprising I and Q conponents

r at her h_arj, hei witten in an envel offormolamt. | n

Formul & 4, Y répPesents the received pilot conprising

its | and conponents. The faded pil ot i ut any

noi se, § S repFddented ass in Formul a gj.or%féa%?ot al

noise is represented in Formula 6 as v_. Fornula 7

i || ust fatey theyfade as f [104-3] Sind@raelddul ation

requires pillot phase, we are going to deal with I and

Q i nsgead cqf . t-he Bnvel ope. WO 2004/ 083 pbHula 7.

PCT/ uéiomﬁg’obg& FlO Y =yt +JYQ Formula 4. S _ st

+ JSO Formula 5. vV =VI + JVQ Formula 6. = f Formul a

7. Pei,=fi -1- J fQ[1049] G ven the relationships
[1048] t h@iveortimitedaioakiopeof thtformubas by e threploane(® sompondnés of the faded

.. faded il ot synbol. w thout noise b itten as

piloGg! PEB IRTHEo, b IS: asghopyin Fopmueg F o Bp =y 1
(2)g (k) Formula 8. SQ (k) = fQ (k)N Ep Rhh (2z)g(k)
Forrmula 9. [1050] State space and Kalman filtering

s, (E}'i“'f?@k‘f]\ﬁ\r/@iﬁﬂﬂng}ﬂ enenting t hdopmakeht
s,(k)=f, (k)N\/EC; Ru(7)g (k) Formula 9.

[1050] State space and Kalman filtering techniques are used in implementing the present
systems and methods. A first-order state space Markov model may be used including the

equations as illustrated in Formulas 10 and 11. As shown by Formula 10, the Gauss Markov
model has a pole at @. The parameters W, and V, are uncorrelated white noise processes.
A corresponding steady-state Kalman filter is given by Formula 12. The pole for the Kalman
filter is a(l — K) in Formula 12. The parameter K is the Kalman gain and may be

obtained from the solution of an Algebraic Riccati Equation (ARE). In addition, the Kalman

gain may be obtained by running the Kalman filter until it reaches a steady state.

= F la 10.
xk - a'xk.-l + b Wk ormula
V., =X, TV, Formula 11.
X =a(l- K)J?TZ_I + Kykl Formula 12.

[1051] The Kalman Filter filtered estimate was given by Formula 12. The equation of
Formula 12 is an IIR filter. If @ = 1, the filter is a DC-unit gain IIR filter.



systens and nethods. A first-order state space Markov
nodel nmay be used including the equations as
WO booussriad ed in Formul as 10 and 11. As shown bRCFHOSI004/807681
10, the Gauss Markov nodel has a pole at a. The
paraneters Wk and Vk are uncorrel ated white noi se
processes. A correspondi ng Y eady-state Kalman filter
is given by Formula 12. The pole for the Kal nan
filter is a(1l- K) in Fornula 12. The paraneter Kis
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filtergal ue. [1053] Multiple HRfilters may be used to
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5&: (9,) =(1- Ki))'(\?;_l (Q ) + Kiyk Formula 13.
.., (Q ) =aX (Hl ) Formula 14.
(0 ) Vi — %on (9 ) Formula 15.

[1056] The prediction error power is the cost associated with 9} . Formulas 16-19 provide

useful background information relating to the Bayesian-PEM switching. The prediction error

power is given by Formula 16. The Maximum A Posteriori Probability (MAP) selection of
the IIR filter is determined through use of Formulas 17 and 18. The values of C and



needed by the particul ar design
The error
woreaohoskisey run both filters sinu
alternately. The swtching neth
Error Method (PEM Bayesi an swit

is given in Fornula 15.

and i npl enent ati on.

[ 1055] The swi tching

| t aneousl y orPCT/US2004/007681
od uses Prediction

ching to acconplish

soft sw tching (conbining)

the two outputs. (8)

(1- K, ).xk 1(0~ + K. yk Formula 13.

Xk+1 (6)= a xk

((r)) Fornula 14. ek ((r) - y Forrmula 15. K+l xk+1
0i £1Q56 h | we
CChes i arep<hy Baf R bopfPLRY P5°The e i Sirignce of the 6,
modgqggﬂfﬁﬁ)ﬂpﬁo Epwmtl on relating to the Bayesi an- PEM
swi fchi ng e prediction error power is given by
Formul a 16. The Maxi mum A Post eriori Probability (MAP)

sel ec;| n of the IRf [ ter eterm ned thrto e
of F W@n{z Ihe}w ;} of C and V\DE: mth 18!
2004/ oé PCT/ 04/ 0076 ClC2 ... Ck are such

The i nnovat i offormula 17.
in Formula 19. | ((r))
Ia 16. Formula 17.

(’r -Q ((r) C=cC12 ...

E{e((r) )21 For mul aF%?rnulalS

that the probabl ity suns

G TR E Gy i i

P((r) Yk) CkQ | c2e-
Ck Fornula 18 r)) =
[ 1057] Each ﬁff@éﬂ R G [ters may performthe
cal cul ations as set forth The

n Formul as 20-23.
equation in ﬁg@u& ) Est rates the filter fREOUEHE-
equation in Forfula 211
The prediction error is shown in Fornmula 22. The

strates the prediction.
equation in Forrmula 23 illustrates how to obtain
[105ﬁb| seEq§b\néthele &iltersrmapaperéargethe srlcplatipns-asget {orth.in rEormulas 20-23.

The % }ﬁ:&\g in ér_mul&e(éo \iﬁ rjltes: &‘@ifﬂf %rggu (’l?nre)%%lat}o§ :11(1 fgléml]l_lg rZEIJJi hgstrates the

predi¢fion. The prediction error is shown in Formula 22. The equation in Formula 23

illustrates how to obtain the noise power or error variance.

$(0)=al-K ), (0)+ Ky, =12 Fomi
5.0)=a5(0) i=12 Formula 21.
e(0)=y,-5(6) i=12 Formula 22.
Q‘i[k]:m,-[k —1]+ (1—/'{)35 (Qi) i=12 Formula 23.
0<A<l1
[1058] The equation in Formula 24 indicates one way to determine the posteriori

probabilities. The metric may be determined according to Formula 25. The parameter ,5 is

the hardness parameter. The hardness parameter may be empirically determined by those
skilled in the art as needed by the particular design and implementation. The MAP combining

coefficients may be determined through use of the equations shown in Formulas 26 and 27.

of Formula 28 is the

The PEM-MAP estimate is given in Formula 28. The solution of s CMSE

pilot estimate.



S~ 1 [K] =%, [k -1] + (1- A)ek ((r)) i =1, 2

Formula 23 . 0<2<l1 [1058] The equation in Formula 24
WO p@i 08166 one way to determ ne the posterioriPCT/US2004/007681

probabilities. The metric nmay be determ ned according

to Fornula 25. The paranmeter is the hardness
paraneter. The hardness paréﬁeter may be enpirically
determined by those skilled in the art as needed by
the particular design and inplenentati on. The MAP
conmbining coefficients may be determ ned through use
of the equations shown in Formulas 26 and 27._ Th

PEM MAP esti mai(@ |squk§n ch Eérnula 28. The:@ﬁpﬁ§4%ﬁ

of sk kaﬁ-ﬁmpn% S pi l ot estinate.

2004/ 0 6 PCEEUSZO@Q{OO?GﬁQ 13 2 {k] + -21 [k]

Formula 24. f ['] Q2 @ Cﬁ k= p( 2 y k)

Fornula 25. po +Bor myl C~i p(C]?ﬁDQHdﬁ25
= g2 (", k) Fornula 27. Formul a
. _ _ k,MSE = alSk (0, I + a2sk
[ 1059] Soft or itching may be used in the
systemto SMAtCh betmeen he IR filters. TheFormula 26.
expreSS| 21572 Las -32 illustrate an enbodi nment

ltlo

of calcu M_Ei ysed for soft switching
or for an MVBE esti rrate Formul a 29. Sk, MSE Ef
Sklyk J = E a%ﬁk}c kY Formul a30. =E{iofula 27.
) 1o 1, 9|>”

S‘\;,MSE = 051§: (91)-'_052"9\: (92) Formula 25.

[1059] Soft or hard switching may be used in the system to switch between the IIR filters.
The expressions in Formulas 29-32 illustrate an embodiment of calculations that may be used

for soft switching or for an MMSE estimate.

S, se ‘E{ Iy } Formula 29.

= {E{Sk|yk;c9i}| y"} Formula 30.
=e{#0)y'] Formula 31.

= ZZ‘, pl6]y*)s:(6) Formula 32.

[1060] The expressions in Formulas 33-34 illustrate an embodiment of calculations that

may be used for hard switching or for a MAP-model signal estimate. In Formula 33 the

parameter H [k] is equal to that shown in Formula 34.

MAP

g =5 (é [k]) Formula 33.

k,MAP MAP

A

QMAP [k] =arg max p(@ilyk ) ;i = 1,2

Formula 34.



) ~\ Fornmula 32. k A+ ) Sk zAgily [1060] The
expressions in Fornmulas 33-34 illustrate an enbodi nent
w@boosagnies at i ons that rmay be used for hard sweTDE2g4/007681
or for a MAP-nodel signal estimate. In Fornula 33 the
paranmeter MAP [k] is equal to that shown in Fornul a

34. ,+ "+ (dMAP ]) Formula BB. Sk,MAP _ - Sk [1C n
(r)MAP[k] =arg max P ((r), I y k) ; i =1, 2 Formula
34. WO 2004/082166 PCT/ US2004/007681 14 [1061] Figure
8 is a flowdiagramillustrating an enbodi nent of a
nmet hod for estimating a pilot si u3|

[1061PEM Bpintedhisd ftrousiagram flustrasing gbOé*inaﬁ%% 1 hangtgd fqygstimating a
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ean predi tlo error.
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902b. Each IR filter 902 has a Kalman gain |l|. Eac

input |y Risf felitiemn cAEPIIBLAlEn82 a The cadiodinieash ok Fizyre @ mckles éwo IR filters
filtered out put xk . The PEM MAP conponent 904

902a, dﬁﬁz%r eSS iR $iltef 962 flﬂa@'aeKbﬁnzanEalK End Bach IRhéilipf 1962 outputs a
timate i s output fromthe method as shown and as

l I
Predlﬁi%’;‘%f;ﬁa 1? d‘ﬁﬁlgfersg%uﬁ’agl Gn[%er e &@ng?l}e% b{)/g@gtermmes the

broken down into its | and
coeffiegamitntori @p ahé Gehilbe @dot etisash fﬁ?%nlﬁggtef% EThe&*ﬁHw%t shown and as

met hod, as descrl bed above. Initial conditions are
illustrgtesDBRIMWR 2he pil ot estination conmponents 514. As

[106@“0""%@ ﬂ?lspa{ BOEs & g&mﬁ f gh&eeshn?aﬁaﬂ MRS thieSfilEdritiglisbroken down
€ processi ng Q conponent. The parti cul ar

into €OIAND leompomanmn Thelpilot estisnationds aehievedehyigh using the switching
conpon
method, nTles descnbed above. Initial conditions are provided to the pilot estimation

components 514. As shown, the processing for the I component is similar to the processing
for the Q component. The particular component is provided to the pilot estimation component
514. The pilot estimation component 514 generates an estimated pilot for that component.
The pilot estimate is then provided to the demodulation component 518 as well as other
subsystems 522.

[1064] Those of skill in the art would understand that information and signals may be
represented using any of a variety of different technologies and techniques. For example,
data, instructions, commands, information, signals, bits, symbols, and chips that may be
referenced throughout the above description may be represented by voltages, currents,
electromagnetic waves, magnetic fields or particles, optical fields or particles, or any
combination thereof.

[1065] Those of ordinary skill in the art would further appreciate that the various
illustrative logical blocks, modules, circuits, and method steps described in connection with
the embodiments disclosed herein may be implemented as electronic hardware, computer

software, or combinations of both. To clearly illustrate this interchangeability of hardware



514. The pilot estimation conponent 514 generates an
estimated pilot for that conponent. The pil ot
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conmponent 518 as well as other subsystens 522. [1064]
Those of skill in the art would understand that
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of a variety of different technol ogies and techni ques.
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descnbag} hove snegbnivdeBy ¢bi 1@% égnctleaﬁrtém et 'sheh Hinctionality is

unplegbeln] Caia.snfgrﬁ% Z of/\@eff?\%me%@&ﬂé Gpdid ﬁ{edgarﬁéulﬁlaﬁbplﬁﬂaﬁén and design

S or partic any nmbi nation
constidm@E @Mposdd1ed He EH’mslda sgfteimr dSlmﬂﬁ@f aslkﬂam mary inpdement the described
woul d further appreciate that the v
functionplifyt ita{VRRENg J¥AYE afor bcpa&gkgartlﬁxblaﬁlagg ica P’c bt SS}J.C% I,%glplemlenta,tl‘on

dec1s{Bﬁl_% réggulﬁtl?cﬁsb dERGhiREHad Bakdi) ﬁcdégﬁﬁuﬂéﬂ ﬁrJSm thB&cope of the present

nents dis sed herein may Dbe inpl ement ed as
mvem]loﬁctronlc hardvvare conput er softvvare,

ST b TERACPURby DRBIEGE aLs dertnd n

conn@c@%%&p%/ &iha8hentd disalde S RértMangy by anplensnted or pelformed with a
I'Tustrative conponents, blocks, nopdules, circu
genemh gumpospBrobesser, Belkgital gigaak PEERFSAHERY) E}F?tm %Pemfw mtegrated

s e eI ey AL 3 et i o

discréeReiedisr tafdistéMBgRAdisceatt hardympd campormnisaod adgs:uogrrbmatlon thereof
constrai nts i nposed on the overall, syst
desigaed 1o BREORBYAG TBFGARSACPRE<BSER Lo BET R POTAP TP may be 2

mcrg@p%(ésg& % $n kX ﬁ@l‘ﬁgtl‘%irthé ?{b&ﬁs@%b Bt AN corehtisnig processor,
; !

htation eC|S|ons shoul d not be interpreted as
contioHus iigraonieiirs or stafer orchine sz&(mece@@rtrh@y plses@wtmplemented as a

invention. [1066] Th
B TR ST odre —
plura‘f‘f n% f ﬁﬁk% dbBscSordhse! R fSHroRERIrindyjudetion with a DSP core, or

msnt or performad with a general purpose
anyqﬁhmslsoonﬁ@rajlcgttal signal processor (DSP), an

[106?fp| Id'ﬁ’ﬁ:%%rg eCI &1 éaclfrgrtng 3 td%%cﬂg 11‘1: %ﬁne@ﬁ% @ith the embodiments

disclBSQOREENBRAEDS @ﬁb6d16@‘tflir@6tly 1rdha&dwafeelrgat;(ﬁt\mre module executed by a
transistor 1 ogic, discrete hardware conponents,

proccssnhlomat » epmbinetieppt theéwpgné’dsquV%%PfO&P %qulﬂ‘?d{‘ l%ﬁ}éll memory,
fast R g SRR ptidgy, BIFEOF] Menfif] PRERR ONPRRRRRY, (SRS ed dick o
remd%bld)@lslaw CIPRO2ML 0109@ ofifep fess @f storage medium known in the art. An
exemplary storage medium is coupled to the processor such the processor can read
information from, and write information to, the storage medium. In the alternative, the
storage medium may be integral to the processor. The processor and the storage medium may
reside in an ASIC. The ASIC may reside in a user terminal. In the alternative, the processor
and the storage medium may reside as discrete components in a user terminal.

[1068] The order of the steps or actions of the methods described in connection with the
embodiments disclosed herein may be changed by those skilled in the art without departing

from the scope of the present invention. Thus, any order in the Figures or detailed description

is for illustrative purposes only and is not meant to imply a required order.



controller, mcrocontroller, or state machine. A

processor may al so be inplenented as a conbination of
w@eovp08iing devices, e.g., a conbination of a DSPr/aRmOA007681

m croprocessor, a plurality of mcroprocessors, one

Or nore m Croprocessors in cggjunction with a DSP

core, or any other such confrguration. [1067] The

steps of a method or nethod described in connection

with the enbodi nents disclosed herein nay be enbodi ed
[1069] r ecTheyprieviohs deRfeipBon pﬁ the disflosedrasnbagérnents éscpiowided thgnable any

persggﬁ%ﬁf ﬁ}%{%ﬁ 18 nﬁ%ke of élg? | 5%% V%trlrti))l? y) %ﬁ?lils mﬁdlflcatlons to these

embaBIRIYs wROM E@@H&ya,pﬁﬁ@w D EMlle(EEPR@\Auf(EMH e genemc principles
renmovabl e di sk, a

Isters, hard dis CD- ROM
deflﬁmg heretmemay Serapplied ool sralndime|ta oTifholh deprting tfronmhe spirit or
scop%xgi::ﬁmte A Verttod! a@‘ﬁusmatﬂé %sjegt &%ﬁu&g id Qoft el chslzga‘oflrmted to the

processor ‘can ‘rea ormation from
embodinte@ity B]fﬁ(ﬂﬁrrrﬂnbreﬂ‘m b0, is tthebes tacecadial mhed mddast Isnopeheonsistent with the
alternative, the stora e nediummay be integral to
Pnn9ﬁ556968%§%§?ﬂn¢%@5 P 9P and the storage nedi um
[ Eb%ﬁ% . The ASIC may reside in a user
[IWﬂErn1na qg(?ﬁ a ternatlve the processor and the
st or age ned|un1nay reside as discrete conponents in a
user termnal. [1068] The order of the steps or
actions of the nethods described in connection with
the enbodi nents disclosed herein may be changed by
those skilled in the art without departing fromthe
scope of the present invention. Thus, any order in the
Figures or detailed description is for illustrative
purposes only and is not neant to inply a required
order. WD 2004/ 082166 PCT/ US2004/007681 16 [1069] The
previ ous description of the disclosed enbodinents is
provided to enable any person skilled in the art to
make or use the present invention. Various
nodi fications to these enbodinents will be readily
apparent to those skilled in the art, and the generic
principles defined herein may be applied to other
enbodi nents wi thout departing fromthe spirit or
scope of the invention. Thus, the present invention is
not intended to be Iinmted to the enbodiments shown
herein but is to be accorded the w dest scope
consistent with the principles and novel features
di scl osed herein. [1070] WHAT IS CLAIMED | S: WD
2004/ 082166 PCT/ US2004/ 007681



17 CLAIM5 1. In a wreless comunicati on system a
nmet hod for estimating an original pilot signal, the

woreaohosk16oNpri si ng: receiving a CDVA signal; PCT/US2004/007681
despreadi ng the CDVA signal; obtaining a pilot signal
fromthe CDVA signal; and esfjmating an original pilot
signal using a pilot esti matbr that includes nore than
one filter and that includes a switching nethod for
using the nore than one filter, wherein the sw tching
met hod uses a prediction error, and wherein the pil ot
estimator provides a pilot IS%I&‘;Q te. 2. The nethod as
in claiml, wherein the piGr ti mator includes a
first Kalman filter and a second Kalman filter. 3.
The nmethod as in claim2, wherein the Kalman filters

. ar b 2 wpekserimmynicatidnriysien, pmpthaesefoRes Fping #nj riginad pilot signal,
4. TE]?)drret had as in claim3, wherein the first Kal man
the meiod SOMPAIYEE o first filtered estimate and a first
pr edecidNCEMQkignalnd wherein the second Kalman filter
provides a second filtered estimate and a second
pr Beiipesading the EBRMABIgZThe nethod as in claim4, wherein
th Lt chj. ' rediction error
angbﬁﬁéﬁ%"g@gﬁ [%‘%2%?%# ﬁ%?@?‘%g%gg%n he nethod as in
cl aitimdingwhetiginal e ssial ading g pitet dstchateselatandlides tmore than one
error variance, and g secan ,errol'_l(1§{ riance, 7. The .
met hod  #¥er #ddhafimsladesaaiiching meihpd fasiusimgthediore 1hgn one filter,
obt ai nedgee0fdisgchife hihod Rkb 2 PhdagttioerP OdWRI&R the pilot
PCT/ US2004/ 007681 18 %k, MSE - al sk (el )+ a2 sk \2 /
wher e Skstivisior mrovides ppilotestmpienat e,

The method as in claim 1, wherein the pilot estimator includes a first Kalman filter and

a second Kalman filter.

The method as in claim 2, wherein the Kalman filters are implementing Infinite

Impulse Response filters.

The method as in claim 3, wherein the first Kalman filter provides a first filtered
estimate and a first prediction error, and wherein the second Kalman filter provides a

second filtered estimate and a second prediction error.

The method as in claim 4, wherein the switching method uses the first prediction error

and the second prediction error.

The method as in claim 5, wherein the switching method uses a first error variance and

a second error variance.

The method as in claim 6, wherein the pilot estimate is obtained according to the

following:



Czj , C22 are conbining coefficients, & ((r)1) is the
first filtered estimate, and s /C ((r)2) is the

waemangkibé | tered estimate. 8. The net hod as i nPCT/ARIMFV07681

10.

11.

12.

wher ei n each conbi ning coefficient is obtained through
use of a posteriori probabi #éti es function obtained
according to the foll ow ng: [K] =1n QL - ~2 ~k] + ~I
~k] @ @ QL where is the first error variance, and
@ is the second $rror variance. 9. The nethod as in
cl ai m 1,§"'wheeepns 2 it §hi@g) met hod conprises a
soft-svwst"(’f’liﬁ ng 'rfet ?Mig".<@ e method as in claiml,
whgeein the switching method conprises a
hard-switching nethod. 11. The method as in claim1,

g}herqgfhet};ﬂ@tgg@ﬁl{g@@’ is inplemented in a nobile station.
19" A nobil e station for use in a wirel ess

ni cati on.systemwherein the nobile stationis
@Zgr%gaﬁ%%m{g H@%‘quﬁg‘{l%“%n original pilot signal, the
nppjl\e station conprising: an antenna for receiving a
éjjﬁa)slﬁéﬁ%ﬂlr?t faltgred estipeate.iandel ect roni ¢ comuni cati on
\M h the antenna; WO 2004/082166 PCT/US2004/007681 19
8, @p)hts-tl&ﬂ@cpﬁcbﬁh&sﬂegilﬁmd despreadi ng conmponent in
el ectronic comunication with the receiver for
despreading the CDVA signal; a pilot estimtion

conponent jn electronic co nication wiith the |

f r ORE Tipd 4518 EBLB Ty hERRAD %‘e@ﬁ?@%ﬁw%{i@sﬂéﬁe@wd through use
&3 poIREA DroBhbthed iffiRlioR obfinedia88#ting 4§ HOofloRid ot

estimator 'that i ncludes nore than one filter and that

i ncl udes a svvitgili nge k od ({k usi ng the nore than

one fil tﬁLk whigr eTint it CHi met hod uses a

predi cti'on errorf) and gherei n(dhe pilot estimtor
provides a pilot ‘stinmdte; an

where

A
Ql is the first error variance, and

A

QZ is the second error variance.

The method as in claim 1, wherein the switching method comprises a soft-switching

method.

The method as in claim 1, wherein the switching method comprises a hard-switching

method.
The method as in claim 1, wherein the method is implemented in a mobile station.

A mobile station for use in a wireless communication system wherein the mobile
station is configured to estimate an original pilot signal, the mobile station comprising:
an antenna for receiving a CDMA signal;

a receiver in electronic communication with the antenna;



a denodul ati on conponent in electronic comruni cation
wth the pilot estimation conponent and the front-end

w@e@a®sdre1g and despreadi ng conponent for proRCTURY04/007681

13.

14.

15.

16.

17.

18.

denodul ated data synbols to the nobile station. 13.

The nobile station as in claig 12, wherein the pil ot
estimator includes a first K& man filter and a second

Kal man filter. 14. The nobile station as in claim 13,
wherein the Kalman filters are inplenenting Infinite

| madiong-eme ppsasséng andidespreadigg corpponenbin eleitonid eommuynication with

claim1l wher ei iy st filter provides a
first ﬁlﬁ lieg?l(e]%r @ggi&%ﬁ agm§r%}clieK§b§?‘§sslg"6£’edi ction error,

and pilaeétinitioneogpoond ilalkoohid cdrh@inichli &V iwidB $hedfront-end
second filtered estimte and a second gr ediction .
error. PeocesHes ashigsareadiagicomparent foresamatingan opigingli pilot signal
t he swi [ - . [ o _

and ¢ he " ea e AR 108 bty B G hdrlla Bk Bletudes o
st at i on seritching eheahad b6 psing dreanhoretthen ewi filedrj whereitthoswitching
uses a first_error vyariance and _a second. error ] ]
vari anc&ch%l useR a Pryhiiton cgiontang wvhegeip fegpilyt ftyppator provides a pilot
wher ei ngtdiaapilpf estimate is obtained according to

the followmng® SI MS E = al'sk 01) +a2 Sk \(r)2 / WO
2004c08dea6oPCTHPSRAO Y JETR8L coptnunibaion vaith MSHilios edtin@ation
pilot estimte, al 2.are conbinin oeffi.cients, Sk

(01) 1 5 SPREORST: 2 pheiray 2¢ pE R feuife Enponent for

is the pesemdgdembania@desia syBibels td the hbBildRRidE

station as in claim18, wherein each conbi ning

coefficient is obtained through use of a posteriori

fgﬁﬁggﬁdggﬁeisgiioﬁksgﬁ{:@g&bgﬂfva{ggag g C@Pogg'g@atg-?%ﬁ%ﬁse 3 first Kalman

filter and a second Kalman filter.

The mobile station as in claim 13, wherein the Kalman filters are implementing

Infinite Impulse Response filters.

The mobile station as in claim 14, wherein the first Kalman filter provides a first
filtered estimate and a first prediction error, and wherein the second Kalman filter

provides a second filtered estimate and a second prediction error.

The mobile station as in claim 15, wherein the switching method uses the first

prediction error and the second prediction error.

The mobile station as in claim 16, wherein the switching method uses a first error

variance and a second error variance.

The mobile station as in claim 17, wherein the pilot estimate is obtained according to

the following:

AN ARLANCY

k ,MSE 17k



is the first error variance, and 2 is the second
error variance. 20. The nobile station as in claim 12,
wob@resa166 he switching nmethod conprises a sof t PCT/US2004/007681
switching nethod. 21. The nobile station as in claim
12, wherein the sw tching ne?@od conprises a hard-
swi tching nethod. 22. A nobi station for use in a
Wi rel ess commruni cati on system wherein the nobile
station is configured to estimate an original pilot
whejpal , the nobile station conprising: neans for
rLeceiving a CDVA signal; neans for despreading the
SDMA isthgpalot esyiseats for obtaining a pilot signal from
the CDMA signal; and neans for estimating an origina

Q%J@% £t 90Abinif @ ffecigitd, 0t estimator that includes
nmore” than one filter and that includes a swtching

Ltgrﬁg@l?ﬁm’s{t%ﬁifégﬁﬁln%ﬁo iR nfihan  one filter, wherein

uses a prediction error, and
. h : . . »
$E05] R and f2ofd hRbeGeLdRL0r Provides a pilol

19. The mobile station as in claim 18, wherein each combining coefficient is obtained

through use of a posteriori probabilities function obtained according to the following:
o 0K Q]
Q Q Q

2 2 1

flk]=1

where

Ql is the first error variance, and

A

QZ is the second error variance.
20.  The mobile station as in claim 12, wherein the switching method comprises a soft-

switching method.

21. The mobile station as in claim 12, wherein the switching method comprises a hard-

switching method.

22. A mobile station for use in a wireless communication system wherein the mobile
station is configured to estimate an original pilot signal, the mobile station comprising:

means for receiving a CDMA signal;

means for despreading the CDMA signal;

means for obtaining a pilot signal from the CDMA signal; and

means for estimating an original pilot signal using a pilot estimator that includes more
than one filter and that includes a switching method for using the more than
one filter, wherein the switching method uses a prediction error, and wherein

the pilot estimator provides a pilot estimate.



