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Applications [0000] This application clains priority ‘

to U.S. Provisional Serial No. 60/408,807, filed on

Sept enber 5, 2002. Field of tHe Invention [0001] The

invention relates generally to w rel ess conmuni cati on.

articul ar the invention relates to adaptive
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comuni cation systenms are w dely depl oyed and these
systens support the transm ssion of various types of

traffic data, for exanple, voice, packet data, and
other types of BAEKGRONINOFATHEANKENTEON r el ess
channel can be acconplished using a variety of

RelatediApplicatibnech facilitate a | arge nunber of users in
a limted frequency spectrum These techniques,
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di vision multiple access (CDVA). [0003] CDMNA offers

many advant ages over other nultiple access techniques

Kield ofithe InfieptipRss comuni cati on systenms such as TDVA
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Addi tionally, use of CDMA techniques permts the

special problens of the wirel ess channel to be

vVer.cone le, by mtigation of the adverse
12??%8@%“8?{*%@@%’21%, e.g. fading, while also
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time division multiple access (TDMA), frequency division multiple access (FDMA), and
code division multiple access (CDMA).

[0003] CDMA offers many advantages over other multiple access techniques used in
wireless communication systems such as TDMA and FDMA. For example, CDMA
permits the frequency spectrum to be reused multiple times, thereby permitting an increase
in system user capacity. Additionally, use of CDMA techniques permits the special
problems of the wireless channel to be overcome, for example, by mitigation of the
adverse effects of multipath, e.g. fading, while also exploiting the advantages thereof.
[0004] In wireless communication systems, a pilot signal is sometimes transmitted from a
transmitter unit to a receiver unit and can be used to assist the receiver unit perform a
number of functions. For example, the pilot signal can be used at the receiver unit for

synchronization with the timing and frequency of signals transmitted by the transmitter

unit, estimation of the quality of the wireless communication channel, coherent
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51 gna are elve

afedeivar! eThésetrﬁmlﬁpahosigﬁdmentayaﬁsmase&dfos iegmabple, 69|raﬂmon off of
in tinme and phase from each other. Because thes

ohasactlci:Sp sudh asibyildings,dirideas peemlgeindi Q‘ihqérﬁ%tédﬁhwhﬁ ﬁ@yal travels from
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recei ver, the obstacles, or both, nove about, causin
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pr@spathﬁ:s@ mnhm@the@ngm}ls tae nmﬂopg@ratrh phasst where sheyf recprgbine at the

tted s chan hnigue, use »
“ECSI"eFrp%@(/ & ﬁeésggtl}] oahpoé‘f Sfﬁggg & a'ﬁl%g VSt de'%riﬁ as'né? aPade
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recei ver includes nul | e processing "fingers" and

abaus hcaveingi the gpatha travplad rbysﬁhg menltipaib tinfiensep P &gr franspeiied signal to
ﬁtrength may be assigned to, and processed by, a
@fective finger processor. Each finger of the rake

RETIA QEcHRiRieeiRastd hdpAsel epeatidillof| dat fonsiGMidhtion system in a
|ns ances, In a manner conplenentary to

multipath environment is a rake receiver. A rack receiver includes multiple processing
“fingers” and each received multipath signal instance of sufficient strength may be
assigned to, and processed by, a respective finger processor. Each finger of the rake
receiver processes the assigned multipath signal instances, in a manner complementary to
that performed at the transmitter unit, to recover a pilot signal and traffic data from the
signal received over a multipath communication channel.
[0008] The amplitude and phase of the recovered pilot signal will be distorted by, and
indicative of, the multipath characteristics of the communication channel, or the channel

response. Because the pilot signal and traffic data signal travel through the same

communication channel they will, typically, be similarly distorted by the channel



that perfornmed at the transmtter unit, to recover a
pilot signal and traffic data fromthe signal
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[0008] The anplitude and phase of the recovered pil ot
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tHro6eiC eiFnavnatitAionCihanid | baséd Gpéi0 theheseivad @ilovtigedl. That is, the
reasons, it is challenging to estimate the .
changel 1espgrisa geferssiodhe aansty Hif ghangesta deraliundergoes APBUgA time it is

Q ation e%hannel based upon the received
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[6010] TREiefsrY, thére G2 NERISN AhSard Fit! tedhRdRIEY BESrol ide BhtifGroved estimate
time it is transmtted until it is received. [0010]

off thertshevaryingtrespensesofzn ¢samuninatidiechannel ffiipm g eedepied pdst signal in a
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pilot signal in a wreless communication system The
present invention satisfies this need. SUMARY OF THE
| NVENTI ON [ 0011] SUMMABIeOF THEINVENTRON, i des a

[w ?[glp 2’2%6 %&ﬁﬁ%ﬁ{oﬁ%é@ﬁes?%%&ﬁﬁd%é%pﬁ%ﬁhtff8{" lgéjggtingi anpilot filter
iV 8 MAFdIdsY cBfnftimMali6h Syfert A88BMing 36 hQRlocity of a wireless communication
device (WCD) in relation to a wireless network infrastructure, such as a base station.
Aspects of the invention include determining the velocity of the WCD and determining
adjustments to be made to a pilot filter of the system based on the velocity. The pilot filter
to be adjusted can be located at various locations in the communication system. For
example, the pilot filter in a WCD can be adjusted, or the pilot filter at various nodes of
the wireless network infrastructure (infrastructure) can be adjusted. Determining the
velocity of the WCD, and determining adjustments to the pilot filter of a receiver, can be
performed at various locations within the infrastructure, in the WCD, or in any

combination thereof.



device (WCD) in relation to a wirel ess network
infrastructure, such as a base station. Aspects of
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WCD and determ ning adjustnents to be nade to a pil ot
filter of the system based on the velocity. The pil ot
filter to be adjusted can be4l ocated at various
| ocations in the comunication system For exanple,
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BRIEF DESCRIPTION OF THE DRAWINGS

[0016] The features, nature, and advantages of the present invention will become more

2

apparent from the detailed description set forth below when taken in conjunction with the
drawings in which like reference characters identify correspondingly throughout and
wherein:

[0017] Figure 1 is a block diagram illustrating portions of an embodiment of a wireless
communication system.

[0018] Figure 2 is a simplified block diagram illustrating further detail of the embodiment

of the wireless communication system.



response of the comuni cation channel through which a
pilot signal is received. [0015] O her features and
wa@ewanemges of the present invention shoul d beP@Epps20631028108
fromthe follow ng description of the preferred
enbodi nent which illustrates, by way of exanple,
principles of the invention. BRI EF DESCRI PTI ON OF THE
DRAW NGS [ 0016] The features, nature, and advant ages
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W rel ess communication system [0018] Figure 2 is a

sinplified block diagramillustrating further detail
of the enbodi nent | ni cation
system WO 2004/ OZS@%&@%@W 5 [0019]
[0928Y Iifac3otdané WG fivatichn Rthhfee Rrieesib¥a Mhat@ljusts a pilot filter
denodul ator. [0020] Figure 4 is a block diagram of an

teegrsouiitrfenchapgesanph¢ eharddt¢rissies of the Gemmupiqgtipe clianngl. gFor example,
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oh ﬁfehsréil&‘i{?, &fspadB Bl h RGrefesP bbBbubhichli®@f deviddWAECDED
DESCRI PTTON [

0023] Iri accordance with the invention a
[a02dhAidipsting . pidoschiltdreth whardaptive’s meanaerpisheh ag cheeging tlee filter's
bac aynt . for changes in the éﬁar acteri.sa:qii cs ,of the d
~ Wi EnrPEITEh A9 rEnagEo 1 dRG IMEIUmiGaon pPaRRCly  Gap gprovide an
' ifpdvEReRdh YA leBEmbR cﬁ(diﬁ@ HRbivEQ kighRedaeR torRtiéPalidnd t8é tithe varying

recei ved signal base on the velocity, or speed, of a
respomdeas shecromuovmicatonahageli TepicAl3Dp pilpOd@a] retdivadfonexample by

agﬁgblg%’l@ L!flsltffé%ﬁrttmln? g}%g} §X8%g42%|9m\é§fq1]grﬁ Eﬂ%{ggﬂb gﬁécﬁtk?% at different times,
afid @GN hsfaliGesCOMMURIHs AT k@D sighANARIIIpARS), Qﬁ@véﬂil%ri@ﬁbe different

I nprovenent I1n an estimte of 'the received signa
chdmehcomtifiatsi eendekent ceceivedtdlose matipe.ngBy radagpimgside gfilot filter to

sessuel R i0eresk ane hpdiianigiger SismEot Pl gponse can
bgfﬁnggé enfe i LERr5BYide N NRhp:6QRRn: | ANSh&t oWdkdll &5RRkion of the
communication receiver, for example, by improving the assignment of fingers in a rake
receiver.

U[0025] Figure 1 is a block diagram illustrating portions of a wireless communication
system 101 that operates in accordance with the present invention. The wireless
communication system includes a wireless network infrastructure with multiple base
stations 102, and multiple WCDs 104 that communicate with the base stations. The
wireless network infrastructure also includes other components, such as base station
controllers 106, mobile switching centers 108, and the like. Signals 132 transmitted from
a base station 102 to a WCD are referred to as the forward link. Signals 134 transmitted
from a WCD to a base station are referred to as the reverse link. As illustrated in Figure 1,
both the forward link and the reverse link can travel different, multiple paths between a
base station 102 and a WCD. As shown in Figure 1, forward and reverse link signals may

be reflected off an obstacle 150 resulting in multiple instances of the signal being



and different instances of a transmtted signal
(mul ti paths), may experience different channel
W@ oovdiozieens even when received close in tine. BYI/US2003/028108
adapting the pilot filter to account for the
di fferent channel conditions, a better estimate of the
channel response can be mad® and t hereby provide an
i nprovenent in the overall operation of the
recvan rThisit oralitioneis ebmeronly wierexlaops expepignéing i'owltipgthi’isignals. As
assignment of fingers in_a rake. receiver. [0025
i AU Helov I S TR i PRSPt P By G bpth base
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34 transmt.ted - [ e .
ot PR B T Qe by clEF i dh 0 Bt designed to
supp@iloge &r moROCDOM Al gtah@drdar Bod dxataphen) thet dtandads eizyeintlndk TIA/EIA-
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9% BafIScH) 1 BEAEIA-25- QoS- 9. SHovARATHiGH BaREeSD (Rpiksh CPP); 3
d ' [ f
GRS e o REPA T SRPRY 4 008; Wit EDMARWCDMA), and
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received. This condition is comonly referred to as o
[092FEA| wansinifged' pilot signel is gencgaldy degraded By seige dedhe communication

olaiDH IS AR e AR G o RS R ORR VT bl win
theXehiniaBioR chARAKE " A PREEfiNG with@harpéw besEAEHS bgfgoSed to a wider

using Rake "fingers” wherein each finger of the rake
birsivadibi iyrgederally more pifectivewrdiremeving wage 6f gigaghannel noise, but is less

I.nstance. Fingers. of .t rake recejver [
oA GEF R Graipd FRitiame a8 W FERTCA B! SEhuTRE PTafRE; ERfersey, o
pi?8t 1R Wiftf £HAM badli@idh §s EaRelIMaHolelFEcEVd diafRRingh@s@l variations
stations. [0026] Exanples of WCDs 104 include cellular
deeetoefatlimgebyt st dldvist ehigbbregrheims f chinng] peige to propagate through the
],gﬁ()) ni cati on enabl e personal conputers and personal
P tgﬂfuelél assistants (PDA), and other wireless devices.
[0028] Wik L& t6QBHAE GHiloR RISy $h68 ASforkaRabBe d@siteBsked on the
to “support one or nore CDVA standards. For exanpl e, o
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such as, the signal-to-total-noise-plus-interference ratio (SNR) of the received pilot,

estimates of the channel noise power level, the velocity of the WCD, as well as other
channel characteristics. The coefficients of the pilot filter may thus be adapted as a
function of these and other channel characteristics. Typical pilot filter configurations
include finite impulse response (FIR) and infinite impulse response (IIR) filters.

[0029] In one aspect of the system 101, a pilot filter time constant, which defines the filter
bandwidth, is adapted by estimating the channel noise power level and WCD velocity.
Using these estimates, a set of coefficients are determined. The coefficients can be

selected from a set of predetermined values stored, for example, in a lookup table, or



95-B (1S-95), TIAEIA-98-C (1S-98), 3rd Generation
Partnership Project (3GPP); 3rd GCeneration
w@arsnzisshi p Project 2 (3GPP2), cdma2000, W deb@ntSIoDivies108
(WCDMA), and others. [0027] Atransmtted pil ot
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detorminnd whtn the estimatee bre mads. | Bte doefficeantamre appliadde thevilter to adapt
bandw dt h, . as osed to a wder  bandwi.dth, Jis
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cadedl usitfg diffeeni dodidSehegeponse (I IR) filters. [0029] In

one aspect of the system 101, ilot filter time o
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couingxheptased ot andokutior signels i \wfg@@upm@smuon codes and
PCT/ U ?1/ 028 08

t ek ned whe he est i S
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nblsk YPKY Qéqueﬁlcefs sy slﬁlﬁdathls thsthied @@@F‘i{dﬂ‘@sﬁta wider bandwidth. In

IS-92 and cdma2000 the scrambling codes used by a particular base station are at a fixed

phase offset from scrambling codes used by other base stations so that a receiver can
distinguish one base station form another. In W-CDMA a different unique, scrambling
codes is used by each base station. “Covering” with a Walsh code in IS-95 and cdma2000
is equivalent to “spreading” with an OVSF code in W-CDMA, and “spreading” with the
PN sequence in IS-95 and ¢cdma2000 is equivalent to “scrambling” with a scrambling
sequence in W-CDMA.

[0032] The output of the modulator 214 is provided to a transmitter 216 and conditioned
to generate a forward modulated signal suitable for transmission, via an antenna 218, over

a wireless communication channel to the WCD 104. Typically in a communication



of the wirel ess conmunication systemillustrated in
Figure 1. Figure 2 shows the base station 102 and WCD
waeb4jozsethe w rel ess commruni cati on system 101. PCnU$1963/028108
forward |ink, neaning transm ssions fromthe base
station 102 to the WCD 104, a transmt data processor
212 in the base station 102 r&ceives a pilot signal
along with various types of "traffic signals" such as
sysiear baspd oh f{CMdatils trasintder 2h6soayess, thampdiateshdatTkeone or more
transmt data_. processoy 212 formats and cod h .
e AP e DU, R G GT Gk BB e § 9 o b Tpomitted.
| | . .
O A B WS S0E T for ¥R A8k e BRI, 124181 80 Bh i 250 and
pdvidee te atreceddi 2625 The n&sivef 0B tdnditiomsdhé aiceive@ $gnalrand provides
t he base station 102 receives coded pilot and traffic .. ..
dajp garaples. flypisakndhe recsivier 253 4tsrsp F‘%’@E g doypgonverts, and digitizes
f ner ei - :
e TSR TR0 et MRS CHEOUOH Br IR MRARLTR i cgpmected t0 2

dérhedulmeit? 5t ikt prddesbdscthe dats sartfifles tocoroeide necovired spaibols. For some
ilot and traffic signals with different

COMMfSERSL PIOReSSIgeRY Higademasilabgsy 2 2has Ees: (L h Gesmigading the data
i 1,0t I i ' | hej L, i AV S
PR eyt e —
dédoéringCthsidepmbad saniplésSto9%haandlize dneaAQ6i0ed Piot and traffic signals onto

channel i zation codes are Wl sh codes, and in W CDVA )
theiraresieativeerhapnels orndcGo sehererily dmarydating the, ghangplized data with the

plz gsfé‘%li ?e%&fvgréa ?{9’@ %;églgz:eivéf £i§£§?.' '&ﬁ}g, &%%ﬁla%ﬁ%%% fifiplement a

uences-use O sprea

rdke ageiviet tHR€ c sl £108dss @Qﬂﬁfl& sinwll iflethndes MidlkiededeiveldrsignaG-a® described
and cdma2000 the scranbling codes used by a particul ar
bglawe station are at a fixed phase offset from

r ling cades_used by,.0ther. base ;s [ 0
PRI hten B plREar G Ret B g HtegR Ry phls From the
danedhsabr 250 WY doberai@di fifepisparifid/ datiUend Sdsedpl | th@smitted on the
codes is used by each base station. "Covering" wth

a
forsiaghlido dEhé proc@so® anthe damaddaEr 254 apd)thevigs@yg data processor 256

s BGRB8 D Mg R ot dta procssor
2681 7B l@cgleily‘é aEfeibugd &fort 2, scranbl ing” with a

e
scranbling sequence in WCDVA. [0032] The output of )
[G038] dwchatert, on sedv Wiselpssosamteunicasion systemsra pilefrsignab ig frgnsmitted

ondi.tioned to genergte a for d. nodul.ated signal .
alopz vty Aheroypes S SRB piEng g e CRV AR IRIGTRR iy Bse sigion 102
tMHe BV EPS 10 NHURALA RN finSRABRS c&ﬁnﬁﬁl@at%@;@t@ﬂm also transmit a pilot

Typically in a comruni cati on WD 2004/ 023672

si2adl/ IS2D 3 ee8 gk i®m each active WCD 104 to the base station 102. The
transmitted pilot signals can be used by a receiver to coherently demodulate the various
traffic data signals transmitted along with the pilot signal.

[0036] In general, to generate the pilot signal at the base station 102, pilot data is initially
covered with a particular channelization code used to transmit the pilot, and further spread
with the scrambling code. To simplify the signal processing at both the base station 102
and the WCD 104, CDMA systems typically use a sequence of all zeroes for the pilot data

and a channelization code of zero for the pilot channel. In this case, the pilot is effectively

the scrambling code assigned to the base station.



system based on CDMA, the transmtter 216 converts the
nodul ated data to one or nore analog signals,

waepkiotices, filters, and quadrature nodul at es P¢EUS2003/028108
signal to be transmtted. [0033] At the WCD 104, the
forward nodul ated signal is received by an antenna 250
and provided to a receiver 282. The receiver 252

conditions the received signal and provides data
(e3¢ Ve DNpsupabity 2 ntuleber of different282t tharmelss , First, a common pilot
' downconverts, and digitizes . K the receive

cGirLI TR S8R DS Eotked as etrubed e o dananisEa g primary base

st%ﬁgn gﬁteﬁ‘&n %ﬁi\%gslﬁy%ﬁc}ﬂ&[}pﬁéﬂ B Qe z{sr&tscxﬁeﬁca%é%e ¥xcept that

the data sanples to provide recovered synbols.

tieopidot ﬁm/ns snymzems thyriecres sd segubnycet bie aldl eneoabs) ameltraﬁsiﬁltted on a

lncludes spreadj ng the_ dat les with th
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stgfigh a2 r%aé‘ogJéThéH trangimite ;eleficated \Rilot §PgﬁnéPele¥‘h gser using the same

HSIRAMRL Yoad le?’ st Mamné’} Thafs cﬁ?ec Vﬁ'iott gﬁfbol are time-

can process m e signal I'nstances I'n e rec
nailgplaked wish dlesdata d;&dnolskxelth)amusérOOM] Ar ecel ve data
rocessqr 256 receives and decodes the synbols from

[0038] The iELn Hidoparpgso transmai¢ gndlot sigaal piethe dpweaser link, glgng with its
h T
tﬁfﬁ:’: %z §%g§%’y trtﬁg %géeé n%tgﬂ?lg ?(())i e fté&fﬂg@t{lﬁsehésgﬁbed 5}8 élgPlécable for

processi recei ve

pRscessigsgilot 2fpfalsioh the falvarechilq Ifeyvetsa linkpds well ﬁ@diiﬁfEfbnbpypes of pilot
the nodul ator 214 and the transmt data processo
charmelsyas<dsseritied abgve, andaier (palok clangels dhat 1oight flaohs}ramgmtted ina

Vg%féeﬁsgfm@u?l%ggoﬂifln?ss comuni cation systens a pil ot

ransmitted along with other types of

[003%] fAtahél 3V @DSI0AN deSpifit sidifl fromhe bakd silitidd 002 t&iebdagevered by
station 102 to the 104. In addition, some

Pigcessing & reesiivedniignal iiprm wgn@r@mlwmmﬁg rihat performed at the base

sPHEN 02 ot focsoiEh 3 vl Crl CTLFEY 485 hintBicri, A gt he
&RV el esi s Cto b%’roaldeega&h Vﬁfnp‘le@ goh ﬁé@ﬁ’éaﬁﬁlgd eH¥D dath adathpldiewith the
various traffic data si gna s transmtted along with

scnambbng eedesit grspecifif obpaifiseh o eh@r:,amatchmggl@aﬁ@f thegmelpipath instance

ot s th b t at 1 at__d t

Binectrafte P (2 Her bR RE qBisiiy R Rmbles vl ifsnB spization code
u§&ﬂ@o Weest the pilornssral at RBe FBlaieOEtau&ﬂ Chnﬁiug hﬁﬁltl@@ﬁl@gﬂﬂqe decovered
with the scranbling code. To sinplif e sig

spmplee sdthrihe knownphlot signdalats andzaceemulatng tl@rrésvelh@ womples over an
ns typically use a sequence of all

PEPBESP 5 RLERR: of Pusta

[0040] In the example where the pilot data is a sequence of all zeroes and the
channelization code is zero, then the processing to recover the pilot signal includes
despreading the data samples with the scrambling code and accumulating the despread
samples over an integer multiple of the length of the channelization code. This
complementary signal processing recovers the pilot signal transmitted from the base
station and removes other transmissions on other traffic data channels from this and other

base stations.



and a channelization code of zero for the pilot
channel. In this case, the pilot is effectively the
wa@eeoaltderng code assigned to the base stati on. PG¥DUS2003/028108
2004/ 023672 PCT/ US2003/ 028108 9 [0037] W CDVA
supports a nunber of different pilot channels. First,
a common pilot channel (CPIGH) can be generated as
descri bed above and transnitted on a prinmary base
[003} Figoreah isemhiwck Aiagrame of oy embbdimeoanf adswotgator 254 that can be
ner at e S descrlggg .above, exce hat the | é
© eardhofor A0S SER nuaTcst o o Fpived Signl and to
dGhRbRAse Aol hRAS ffhﬁlﬁ?&kh@ of BufftiMRT Steh¥th@N e 8mBbdifd8t of the
ase station 102. Furthernore, one or nore secondary
dERb s or 25 irhplemenats siiake exteiver that esludes Benhmi&r of fihgdriprocessors

coverage area of the base station 102 each
35006 Halapgﬁafmrtﬁmgegs @@& éﬁ%&rﬁwrééf g@@

[(ﬁﬁQE Pk t5 q’ltllgﬁ Lt Q8- C?t%_elt}ﬁ)hkéﬁ\&’ﬁenas taagl%ri%? tljagﬁni‘ﬁ‘éﬁ ik bReke station

di cat e to a'spetific user using

100 st 108 andyetkdvzhinudtiple alifferast, plxts.uThe tegeitad aignal at the WCD
channel. In this case, the pilot synbols are tjne-

cibus Fickadece wweberil anglipaths ywtsiap%s b Sighale tigagpittef hyHep or more

bﬂ% tMs 1913?2&:@11 atjhé %eé&@é}%tls %séaq {l[ o&eai?h%?lstrfg Hﬁ‘ﬁlqaths in the

reversel aong w i Its tr ata S|gn

rdcbiged 3ip@alsmait to@rovid2 an Thdicdtealuiithe ssengasard timihgsfeeach multipath
applicable for processing pilot signals on the
fqupd\ibat angefsset pEErE® | ink, as wel | as different types

e SERATE i B AR b 8 s
b¢ Qim”gﬁlhg adnieOfingey Sﬁr@éﬁsscﬁro@ﬁﬁlo ProctfreeddbOniliRipatht hﬁtaﬂté of interest.

signal fromthe base station 102 can be recovered
Thpiselbs st figeer pecessoed 18iigmapigned, aasndeeramned by @?ﬁﬁﬂ%’r y00, to a

ngl?t&aiﬁitln&%{cfg?[)%%g %&%\2}1 %ﬁ%@gth dltg%rkn%lo%gcﬁ dtht-ghgamcular multipath

nﬁ;mkcéihgplbivmemgymeseafcﬁélesmed signal to provide data
rrgl es, (2) despreading the data sanples with the

M dis| shagn do deguae. & tl@?)ét:i)haS@ apth qpac@atﬂ@eqompiex paaRles, Iv and Qm

th t.h t
reap%cias@%émn?% a0 ngoie el Bt SHHTLgh T degy pipocssors 3100
thrBEe SR, Wﬁlﬁlﬂ%hd:k?—ﬁh%é}ﬁ)r&@%r 340 ashidred ¢OpRIcedshEpaptidu@ir multipath
signal at the base station; and (4) multiplying the

inftamos dhebin amiaﬁpi semplst e pt@endcdm PN daspreadey320, which also receives

and accunu resul tin S e
U B, AT B e T ¥Rt QoSOTee fie, i g Hf pase station.  The
%ﬁbﬁng B@da%ﬂo‘)fde@ 3b ahd PNade%fsﬁu&ema@oq& oBhdraté@ iR acotice with the
e
particular CDMA standard being implemented and with a particular chip offset, or phase,

of the base station to which the chip offset of the multipath instance being processed by
that finger processor 310 will be aligned.

[0045] The PN despreader 320 can perform a complex number-multiply of the complex
Iv and Qu samples with the scrambling code and can provide complex despread Ipgs and
Qpes samples to decover elements 322 and 332. The first decover element 322 decovers
the despread samples with one or more channelization codes (e.g., Walsh codes or OVSF
codes) used to cover the data, and generates complex decovered data samples. The
decovered data samples are then provided to a symbol accumulator 324, that accumulates

the samples over the length of the channelization code to generate decovered data



channel i zati on code is zero, then the processing to

recover the pilot signal includes despreading the
waolai0a/0smnpl es with the scranbling code and accPOTUS10031028108

the despread sanples over an integer nultiple of the

| ength of the channelization code. This conplenentary

signal processing recovers thkl pilot signa

transmtted fromthe base station and renoves ot her

symbelsm i dsagves glasané 822 rand symbelatcaumhlatmé2d effectivalnim a first

and ot he, ase stations WD 2004/ 023672

BR800 3508 s B ot €7 3 Ptgulgy geffic chamnel. The
ddbAGIel0f syt 4D i PREVId&T ot plRTadinbaliflr 32¢ t hat

can be wused to search for strong signal 1nstances, or

[BQded |F|9atm8ny |CEDMAr sysemedhsi fpnairdatiok tincludesmadpllat eignal that is

n pat hs, of sufficient strength. This
R fer PO SudlbtTRt oF 33 CPHBINEREN SUEME aRtions of
 thaB86RisMBh. TRtedol& ﬂﬁg%arﬁnﬁ‘twabﬁ[ot %'I ol MLk cBﬁ&"H%%&s%? Rlement 332

310, or denodul ation fingers, searc
desexvershtbe dekmmwmﬁl@ﬂwml th paltloulla:n thdnpalizatian dodé hﬁd to cover the

S B, S it KPR APERS e b or 1595 and

cBahbsoo, Hhe Jne@ﬁmeeo&é %F%roa; é/\gxﬁot CREhbUS, W- CDMA. The
i ncl udé a nunber of nultipaths instances or signal's
deccvasdiftitoe slalbylemale then proveled base acuiatul aos334] whidhadcbymulates sets

he searcher 312 is ed to search for_ stron
o pIES . Bravide ot SyBBaRy o Ercly et ineliep s BN @S saples for N
[ 0 a
b $akipRaplehits RbeBL A N byhel e pepypufaion i
1ﬁlfbre'ak @nebe, éoraixasiple; an iptegerasnsltiplel d¢fi the &r@tlgﬂfaﬂhe channelization code
in aqfes foun% by the searcher 312 %ﬁ assi gni ng_ one
UGCHGE e diilof siga abqyire i It istesence pgund Hithe piefisignal is transmitted in
{ T , IR
bhfé?s I@Q Ecgrggptgﬂﬁg gﬁ{eggfe&\éal e?ﬁri}]le %g:gt%l ac@g&kﬁ&ﬁﬁg? t@%?%?@e% the pilot
symbcbls patahpilotsfilerci3cbaTaed decovet @Ib&ﬁhenSBBe ngidhsymbol accumulator 334
nf or t| on of the partjcular multipath instance as
ﬁ Sorﬁly at WéO%sﬁ%fW@hZ%ltbat [fooxers the pilebwignah transmitted on a
PghgmﬁgghﬁcPﬂnﬁﬁ'n phase and quadrature conpl ex

d QN respectively, fromthe receiver

[2] ahe pilbofilteie3BE Mag be uﬂm&ne@fedf Wil € buri SO TREigns3 hAescribed
t hrough 310z. Wthin each f er processor 310

below; dﬂ &anergl, B}ed@@g@lt@r %falteém reqeiNedipdiat meqi\%txart@ provide pilot
s@ﬁeﬁ éshm ?e@d qd’“l élﬁg}y gSﬁ k& &'y 8\” dg)gn%eg% fglgr%)mmumcatlon channel

esprea ch a O recel

tlﬁsm@mhicn ghe: auitigaltainswase Hevded. OTEPpRAT IR S303ha Abo receive and

t he base station. The
utilize the decovered data symbols from the symbol accumulator 324 to provide improved

pilot estimates. Typically, the pilot filter 336 provides one pilot estimate for each
decovered data symbol to be coherently demodulated. The pilot estimates are provided to
a pilot demodulator 326 and are used to coherently demodulate the decovered traffic data
symbols, and are also provided to a signal quality estimator 342 that detects the strength of
the recovered pilot.

[0048] The pilot demodulator 326 may perform coherent demodulation of the decovered
traffic data symbols from the symbol accumulator 324 with the pilot estimates from the
pilot filter 336 and provides demodulated symbols to a symbol combiner 340. Coherent

demodulation can be achieved by performing a dot product and a cross product of the



scranbling code provided to the PN despreader 320 is
generated in accordance wwth the particular CDVA
WG @tz bei ng i npl enented and with a parti cuP@r/usivnpo28108
of fset, or phase, of the base station to which the
chip offset of the nmultipath instance being processed
by that finger processor 3132wi |l be aligned. [0045]
The PN despreader 320 can perform a conpl ex
denonbred -datal sm'npj@s Mthtthﬁapij:@jrqgtimtesl e adod a0l Krosauppidasts effectively

PHUE 8l POEETRANODES (4 ABPot Bo 88l che dPuERL guiput by the
re'iga?ﬁ%'eaﬁfén?t:flz of The réc'o(lérEd ?)ﬁ%?v%y i, n\htﬁ %Be 9819QVE 5 Bength of the

the despread sanples w th one “or e channel i zati on
receiyed p{lets geach WAtheHinpedpecessorOF 6 effecctdzels;b wmgbﬁht oomgnbetions from
e dat enerates conpl ex decov

.. and

tlﬂfﬁ@ By acqordancs eepa weo ttﬁ% FYSHRA Hstpnces for
c I

eif%ln% R4 BRln 2 THY (it e B ook BlodBE6 o e dulroles of phase

poéareinated digaawediglatimgahat AR HACRARAGHT2 coherent rake recelver

PCT/ US2003/ 028108, 11 synbols. The decover el enen
(%0481 dpeisymbat eawtnnﬁf éﬂo Foopi vt Kk pohersntlyorembings ﬂset Jémodulated

‘ syrﬁmgl rh Z8 assHﬁl d C anX)gcfc.%ss%)Ek AT (})&5@85’ %5&@%@@1@0013 for a

particular tra decovered data

payiotiat Sataltlenirhsﬂoﬁ) beivig pestesed dyphd tike desebaul The kecddred symbols
[ 0046] Far CDI\/AS stens the forward link includes
ar& then d¥°‘§f1"g11§? hensRbSTien’s PEARSHANEY demedn {Pnersipls, tha geceive data

Leshl B85 R n-continuously, during portions of a
P ahs ss @Ire?g recover the transmtted pilot signal

[0030] Te Gixthall @QaNgT estih@62 84238h cdeametms dnlefrydes peepidot by: (1)
sanples wth the cgartl cul ar channeli zati on code used
sq%ln@s\ﬁh@ lwéasepan fuaghatpigecqmapamcats Afi b8 pilye estimates, Pi” and Py,

w%h%gg &()ﬂ&?x%%g}._g ea}%éﬁr PP fGredH Eﬁlltfs ?é%én%rzﬁé # %JI% of squares,

cod Fo T or
PEhapgElos (Bﬁadeﬁa@MﬁngW surfl€ 6P Y{iaesd b éeﬁéra@é’@d)@@at@d ®alue that is

t hen provided to an accunul ator 334, which accunul ates
lrsieqa@ve@fthgétfpn@h Ofﬁlemi(lw#f@épﬂm ot syrrbol S, X,,. Each

15 g heroRarly, BaiRaE ol TR S bRsif feafisp T yifld o Pach finger

pRYEE34BH tAtilt@the DBt synfBody 163hroGids tl&ﬁ{ﬂlcﬁt@suﬁl&ﬂﬁp I®is @bt filter has a
integer multiple of  the Iength of the channelization

p@@delar Uadwidsh aeleeteplu toofoesn wl acress el ¢hagngli penditions, and is a
.S transmt

e{irz)nt%eti, Psetré/i)rg ?d[ ﬁbpjiopﬂc%r%;g?ptab#ﬁ perfomnance asecf on certain
a@ﬁﬁrfgbﬂ‘éhsaf&rthg %ﬁaﬁm r@oﬂdlﬁyﬂsd eBlotvferPbb@use M nfelt @nditions can

pilot filter 336. The decover el enent 332 and synbol

vagayeutime dor B8gwen WCD and typically vary from WCD to WCD, using pilot filters
of identical specification for all WCDs at all times provides sub-optimal performance in
many situations. An aspect of a device constructed in accordance with the invention is to
provide techniques to improve the performance of the pilot filter by making the filter
“adaptive” so as to operate differently depending on channel conditions and to provide an
improved estimate of the response of the communication channel based on the velocity of
the mobile WCD.

[0052] As noted, a transmitted pilot signal can be degraded by noise in the

communication channel and can further be distorted by fading due to movement of the

WCD. A filter with a narrow bandwidth, or a long time constant, is more effective at



effectively forma second channelizer that recovers
the pilot signal transmtted on a particular pilot
w@eb@nnzde72 [ 0047] The pilot filter 336 nay be PCT/US2003/028108
i mpl emented with various filter designs, as described
below. In general, the pilot filter 336 filters the
recei ved pilot synbols, x,,, 1Bo provide pilot signal
estimates, y,,, which are estimtes of the response of
reiniyvigpthrghamet hase, botisrieds effett'r\@wg bravking Wartidteonsin thepedelved pilot
I nst ance travele j]ter 336 ma SO .. .
dveegb?wglgan‘éfonmr%q p f ﬁrgwag E{eetzfn&}m h ?}yn?ogfv%ﬁ fimgpgonstant, is
e R R a%l oo Pup R, DI RSl removing
clomeelpndiss amed therablyealloors ehigher aemow of etadel aosy nd @hsst through the
be coherently denodul ated. The pilot estimtes are
filetovi ded to ~a p| | ot denodul ator 326 and are used to
Y e liGat 02
[(ﬁ)gg_ﬁﬁ“?l;ﬂa % - Pe a ;Sag r%fragg)/l? g)q’gt‘fl? T &é@%&% tl‘f’a&ua{a Yikely to provide
: nﬁ@’blvéﬁip@ﬂfor&‘fe&cé Het valedue cdhanieh @onditiengt Mheftwot dea rows in Table 1

recovereddﬁl | ot. [0048] The p| | ot denpdul ator 326 na
cqreaspednte ohisiernt WERb dglositieon ]y andehighc godridg two dafa columns
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isA66k Ma@tﬂv&dﬁéhcﬁﬂﬂﬂhdﬂfeaﬁﬁgbn@mﬂp pleFerietl Becaydtiihé sigasibiariations due to
340. Coherent denodul ati on can be achi eved by

Tagling wp ﬁym eplly sieall, prda napoy rban‘leéflbﬁﬁerpWJéld@EtOVéﬁanﬁ ef e channel
2004/ 0
ng&/whll e s 1 elrgnrébl@ %(f 9?&9%{% %%1 ajlj,%gg%tﬁ{ g?ﬁeaother hand, when

twwwtzaoaw ﬁQﬁgWﬁ{thhe REArnEY #Bise @h@wethé efg@dumiaueﬁs @de to fading
the data and al so scale the resultant output b

a’feetmalibéla&er@ﬁlgq widsfbanHwidte §bees @aefgtr%@venspo wppg bandwidth
L at.i t t.h of, th
rll ) 5 S R S e e Pl oS rat B G BMIE gy, when the

WEB oty didt the Rhaddep Mbiseliatd BétRMHighthé ifipef Pespﬁﬁe&ﬁﬁtecfan provide
in accordance with the quality of the nmultipath

bﬁttﬁrmnf@esamqsrls C@pelildﬁné an tho amowmiinef chignnel, naigre verses tggamount of
SGross du orn1the dual roles of phase
%]@85{ ‘§ﬁ3 E wei ghting that are
characteristics of a coherent Tagleet recei ver. [0049]
The synmbol comnbi ner 340 recei ves and coherently

fi nlger processors 310 ?%Wp g?e% el:gc ﬁle‘%}léﬁa;iq rﬁ&fs
a

PESW WEDAV 164 ﬁén%%@cﬁ' ng JMB%Mdethhe

rakle receiver. “e re’overed synbol s re then
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[0054] The symbols corresponding to a received pilot signal may be expressed as:

xn = ﬂn + nn ? Eq' (1)

where the quantities x,, £, , and n, are complex values and:
x, represents the pilot symbols, as received at the WCD,
[, represents the pilot symbols received at the WCD after experiencing fading

due the channel but without any added noise , and



processor 256 (Figure 2). [0050] The signal quality
estimator 342 can conpute the energy of the pilot by:

W@ 1904/0830ar i ng the i n-phase and quadr at ure conpORES1083/028108
of the pilot estimtes, P12 and PQ2, where y,1 =P
+JPQ (2) sunmm ng each pair of squared results to
generate a sum of squares, P2 + PQ@; or (3)
accurmul ati ng NM suns of squares to generate a
cor rgl @pRdentatheaotahadisd, svhiciniichaes the chinrteheois, resegteh noise, and
of the recovered pilot. [0051] Conventional ly, a

mtﬁtﬂa@h&: fromatthdribhecstativink andnsybtgmitisi ¢ r es ponse is used

in each finger processor to filter the ot s
[0035] Fesevsgethe Heansmitrd Bideli sigpadhas T kgO B Bl fappelf Sgluce and

phgfq Ql%rt :ﬁy%)g)ggs dre?c\:’i“vgcf Qt t?lgl\ﬁ@i)edx t %ff@%l\fegfﬁeﬂeﬁ%rtﬂ§ fesponse of

ions, and
th%gghﬁﬁthu&F¢ﬁﬁhad to prOV|de acceptable per f or mance
on certarn "assunptions for the channe
[0656]dk (vo@liShe ddaitEdIE o infBemeisent optimakfited, thembly providing the upper
can vary over time for a given WCD and typically var
boungd ranviiten perfarmanessi fy apalygpg fan) eréaal fjer; jit4¢ assutned that
peci 0 [l r
faéﬁg 1%%?}91%%1 5110 %Fﬁ rraarr_llg\éﬁﬁo %ul%&th decufgar? églr(]ig}{étd[ﬁé n01s<é is additive

white @aﬁ’s@iﬁh%ﬂé(mfwc}m)t ¢al atidition ¢0s desnedwhitith¢ Feeling process and the
invention is to provide techniques to inprove the

AB&’:N @rmd@@ndenttﬁ@aﬁn otber. £ Tha wreingd pidgd signal Feprasepipd py Equation
tive'.so a rently dependi ng on
R e et 1 BT el 8 0 pr oved
estigatg1qf the response of the comTuni cati on chaBq&R)
based on the velocity of the nobile WD. [0052] As
not egne:d % r1§rhs%lhﬁﬁdvdétdrq{av§igﬁ§h?hpléﬁ6f e pREr el ka) Bis a

noise intTh conmuni cati on annel and can further

c?ﬁlﬁtloxfetcﬁﬁ PWifadhgsHue ride oayeaBRs iRftikbe S(MGiherd i spec1f1es a

ter wth a narrow bandwi dth, or a long tine

p&BORARRInal SamBles RIdf eCtik veerat mébkd 200430236 ider the assumptions,
PCT/ USZ(%OS/ 028108 13 renovi ng the channel noise, but

[ SANGeR gf fnafetd veglsametfﬁcaﬁg lnfiQ-doatel atibh endrik nandhe = CN (0,0 1) with

Seceived pi | ot ue to fading. Conversely, a filter

thel Adise sinfRs Dmeiniltedpenddit ®fSéuoht othérre Weing tthdtwell &nown linear
nore effective at tracking signal variatjons_due to

olfsguiiatign miedel and sobirg for pAMMimBMAYlegreSapreTgroANSED Fesults in:
noi se, and thereby, all ows a higher amount of channE
noi s@at- FabBs tHEdUgh the filter. [0053] Table 1E4 ()
lists a general relation of filter responses that are ~
[005KEEguation{B pillusteates that the best, or optimal, estimate of the channel fade, 5, ,

at any time is a weighted linear combination of the past as well as the future observed

x(k) . In other words, an infinite non-causal FIR filter would result in an optimal estimate
for the channel. The weights for the optimal filter depend on the channel auto-correlation,

Ry, and the noise variance, o>. Again, under the assumptions and based on Clark’s well

know model, the normalized auto-correlation function of the channel can be given as:
R(z)=J,2nf,7) Eq. (4)
where J, is the Bessel function of the first kind of order 0. and f, is the Doppler

frequency shift given by:
Al Eq. (5)



i mproved performance for various channel conditions.
The two data rows in Table 1 correspond to different
woBn4ezdeori ti es, | ow and high, and the two datBCT/UF20031628108
correspond to different anobunts of channel noise, |ow
and high. Wien the WCD velocity Js |low a narrow
bandwi dth filter is generallySpreferred because the
signal variations due to fading are typically small,
and whe@rv dsnthbarbbeity bfi tHei thotdte WIAD, ¢ esridreepemlr & lgght,tand f, is the
channel noise while still being able to track the
caried freiegeral Thuar asaiflustratedthard & adinent cormelationlbaiweer the velocity of

th\é\iclg‘?%‘%l \&gif? é‘?‘i ﬁ"ﬁgh% & gt?fgat? g%ﬂt %gg‘sg& 1§’n tn[@“lpflgg: qsogltf?c\événésg hpric ally,
tREIG WS rBduhldndidd & ol Snikl RHANLLHspYRE (EIRYGH ot infinite

e bandw dth [ter 1s less effective In reducing
inhhesecteapomst (AR) fiftepr ¥8wlet implerhdreatgingoiain infinite noy-cavdabKIR filter

gt b4 1y e N A B I FE S il ultp s,
[mgiﬁfggw]ﬁeis'asﬁf&?ecﬁﬁ% ?’inaﬂ REb3 b o?fa gﬁ& Rér constructed in
e ver t o ns

nol sus the ano signal variati ue to
adcatllange withbheinbehtbon. QRaraxempdo ittsepikdt giiteCilhstrated MoFigere 4 can be
Low WCD Vel oci ty || Narrow Bandw dth Narrow Bandw dth_
uigddn pplompat teipilpt 1L OpH At iR Feﬁlgﬁf%@}l@i"&ﬁ'&igs AR gilter 410
T | &nC j ; ' il o
ohB8Bts T06DITHRL PO ERPTHLTRG RoB,EEE MG phs s,

AR fcbildendpuaith b pheiular filtef fesponsa@dd provades tigofifdek pilot symbols,
val ues and: xn represents the pilot synbols, as

. € CElievigigiti@flart iospoédof the HIR [l @m0 saridhupie Bandyidiglis determined
received at the WCD after experiencing fading due the

b¢ BasuFlcobifiicientst Uthr@j%h ddggoviatd By theadtrdMinit 420.
2004/ 023672 PCT%SZOO /Oggggg 14 nn represents the

[0039RWifah Sies FIRfikér 410G khedkeseitepitdiagndblsnal sg&re provided to a set of
recei ver noise, and interference from other base

séitestdoapied A6y Bldnidnied b thidHgh5d1286 CBhs eeckived pilot symbols, x, , and
transmtted pilot signal has a known and const ant

thenpliptitsdef alned delah ademerithet1@bl throuwyindiilis are aespeedvedy provided to

the WD, x, , effectively represent the response, of .
muliéplicorlde cthirdugh 4¢hamnethich also receive coefficients w, through wy_

respectively. Each of the multipliers receive the pilot symbol, or a delayed version of the
pilot symbol, and multiplies the pilot symbol with the received coefficient and thereby
provides a scaled symbol to a summer 416. The summer 416 adds the scaled symbols

from all the multipliers to provide the filtered pilot symbol, y, . The filtered pilot symbol

from the FIR filter 410 may be expressed as:
N-1
yn = ZWIA 'xn—i . Eq (2)
i=0

[0060] Within the control unit 420 a noise power estimator 424 receives and estimates the
noise power in the received signal. The control unit 420 also includes a WCD velocity
estimator 426. In one embodiment, the velocity estimator 426 receives a signal indicating
the velocity of the mobile WCD, for example, from a global positioning system (GPS)
receiver integrated with the mobile WCD. In another embodiment, the velocity estimator

426 receives signals indicating the location of the WCD at a known time, and by receiving



[0056] It would be desirable to inplenment an "optimal"
filter, thereby providing the upper bound on filter
woewhozsence. | n anal yzing an optimal filter desi/ys2003/028108
is assuned that fading is Rayleigh, short term and
due to nultipath factors, and that the noise is
additive white Gaussian noite (AWEAN). In addition it
is assuned that the fading process and the AWGSN are
thé WieDeawedhs afdiffeett tahdsethe VEheity estemated 43 daernsnesreal estimate of

represent ed Equation (1) can be restated in terns
th@f’elaf?l(bé‘éfttb?“éé@ati on as: x= 8+n Egq. (2) where X is a

m%}hug;n ouetgﬁt? Iof %VL&%Oﬁm Sinliort4 Rid AL ﬁ%)m lestithatdr 426 are

urm vec havi ng successi ve

1n51§tetf)fa| seEMdiént isBlet tidiEuniB428. Thetesflcispeeldetios qu’[ 428 evaluates the
particul ar signal sanple, and n is zero nean
esumagq' of He neisuPPWRD AR ther gstl-mm(o@ they WC%@p@t}Rppd idetermines a

d681r%c} f %If? iﬁl%egltsct f reeds@(tl n,gﬂhgnﬁ t{af %10.2%le Qoétt dlgf\,l(lp.segector unit 420

I Sesanpl'es bei ng i ndepende

ouﬁ@.&@ lf%tc{é %r% bPCoefiGet®hd: HRQWR Wi Neathe MRS ALY ahd MR respective

ing for a M°ni mum Mean Square Error

mﬁ Eas4r1@§mr5§gu414nﬁpot = Ra (Rl +a2 )_1x Eq.
[0057] Equation (3) illustrates that the best, or
[OﬂﬁZ] Daﬂennmatwmuxf ghofcotfficientranaie|bef dene, In LFagyt dlffereag ways. For

t h
exan R}ye:qngeél tVﬁ]éJeis é(?r ! e éﬁ? %tréaacbog}?ri%?&%nﬁ c? %ré&r Et\%gé?i La look up
taﬁfé by, | &gtsﬁdlﬂé’ M€ dSRdisd pBwet lah@r velsuitydedtiggaidst al par&ﬁular set of

optimal estinmate for the channel. The weights for the
camﬁﬂmlarak dre | dugput depthedfiter. th‘éﬂ@hﬂnﬁ@mﬂmﬁ %@r‘ﬁ%@ﬁﬂnﬁwn of the

co{;@.@%g r%cﬂ.@g gﬁgtglblzsg arl n%lektgé Iwéﬁ pmﬂéﬁogncfj % %ﬂﬁ F%tlmates to
caﬁ&flﬁ%l ol P Or BoHHRciens F(ﬁ'llﬁé 'b%rihé HRed i Iﬂnad@ftldnh &eCﬁltHﬂ Reéfficients may

can be given as: (22zzf DT) where Jo
bé seleédua] Bessd eh tﬁmmmatmofdhe whlocity DfstheIW&H) withey deferepee to a noise

and fDis the Doppler frequency shift given by: f D =
pPyer eéUE&te (5) WO 2004/023672 PCT/ US2003/ 028108 15

[d%gyj'\ \Spé lﬂﬂlrﬂﬂto t%e%01&ﬁi§ AP0 RdeEmMER, byC tHeSmbbige WCD. In

spe and IS the carrier frequency.
andibi, erﬁlSodlinbm,Sthieatﬂnhatdi o rtiee lnelsa }Idxweeanddm estimateof the WCD’s
bet ween the velocity of

VRSt yraice CRRETT AR B OHCERdS PRPYER TGGUPF 8; B wieleS? netvork

1n¥§/a@{r8&hlle}/ where the filter coefficients are determined. In yet another embodiment,
the estimate of noise power is transferred from the WCD to another location in the
wireless network infrastructure, and the velocity of the WCD is determined at the
network. For example, the velocity of the WCD can be determined at the network from
measurements made upon signals received by the network that were transmitted from the
WCD. In addition, the filter coefficients can be selected based on the estimate of the
velocity of the WCD without reference to a noise power estimate.

[0064] The pilot filter coefficients can be used to adjust a pilot filter in the WCD or a pilot
filter in the wireless network, or both. For example, the WCD can determine the pilot
coefficients and adjust its own pilot filter or the WCD can transmit the pilot coefficients to
the network where a pilot filter is adjusted, or both. In addition, the network can
determine the pilot filter coefficients and adjust a pilot filter in the network, or transmit

the coefficients to the WCD where a pilot filter is adjusted, or both. Pilot filter



the pilot filter will be inplenented as a finite
i mpul se response (FIR) or an infinite inpulse
woemporse2 (I IR) filter. Wiile inplenentati on oPCHIS2003/028108
infinite non-causal FIR filter may not be practical,
many CDVA systens inplenent FIRfilters with nultiple
taps. [0058] Figure 4 is a blldck di agram of an
enbodi ment of a pilot filter constructed in
caffidedanaealsd bh diffeentrfoetiei WoD #Hut themwmrk Hoh exephplo,t one set of
filter |Ilustrated in FI ure 4

coefkitignte ifan e dpfermained ifer dse B W@BSPH}%{I @ggl ?fldFl giffgrent set of
c%ﬁﬁlﬁgﬁig%#hggifﬁ EH%t 1h5t?%tef1ﬁpthe%9NMrﬁd to a control

_ receives and filters the
[0065PFigaya®dd s block diagrdnm ofanaheteamteodivnerit i agafdt ifidtat eonstructed in
filter response and provides the filtered pilo

acepFspses withythe inygdiogar The pilef fl}t@rsgglﬁgge%fln tﬁﬁ%urgﬁRcan be used to
1@1131111?& 0?1}(9 fllfe?d33t6tﬁHSF1%Hr% ga ﬂg\ﬁlﬂ%s@mmhsincﬁ%ﬁre@ rlgg k])allg?/ filter 336

clents® wo™t hrou ovi d

inchidle€ aMafiR lof Wiliets SHDA. thicdGh FJLONY tElablm fllltb1eSE’] ﬁha&lHetmlplemented as a
410, the received pilot synbols, x are ErOV|de

FRR gétIIPofﬂtes i semeceihey %lﬂerd%maylr%l elhgrifiléers, $3pa #H%@gﬁl()n can be
dﬁfje éHt {yé)% Pf f ﬁgljs :;1%? eﬂﬂgﬂé rsré%l P ﬁ%&%tnhb litggﬁlﬁ %da?tgers IIR while

o!h@ﬁ;%@ bonvie byhep typeiod Qﬂtef @nd Y diffetdne typed dAAItED rc@ml gh in any desired
414m which al so receive coefficients W o thro
cwxbmathreSé@@ﬁM@ny caqhaehthef filtere SHIp thigneleSdon saBigue a different

t he Iayed version of the pilot

res%}%‘%? (¥>/Ha'latS C?E{t%@ﬁﬁe pilot synmbol with the

[00% n_EE‘A&P' fﬁ@ﬁfsflosltﬁf&l%ﬁirﬂohh@&abys afid Qicele sheapBE@kEAbols x, and
to a sumer 6. The sumrer 416 adds the scal ed

I r i, e¥
ARt Ao 25 ocBeavste e 12 v

pfcfvﬁf@sttﬂg fﬁﬂeﬁd‘;ﬁalll&esrgnf’o%% ff@ﬁﬁ @1@ %é&h@sfﬁﬁﬁl 1A%ingNhd best)'or desired,
Y, wW,~xn - | Wthin the control

penfornag 2 ag seleited bpommrollmtﬁlﬁatﬁre abmro]d@rcél@@selacﬂjestlmates of the

nglgqt:]h)g\gltpre ?IHH] l’leOA%gS(é’?eg‘ ﬁolr'I égét h%@%@ tﬁ?% s veli]001ty from
V@l%h't@tﬁﬁatég@% I Ba%eonemé%ldé@'ﬂ)tf’thé h&ise @itﬁﬁit% ¥ind velocity estimate

esti'mator 426 receives a signal indicating
theetatidiler &6t wal selbitl the\WRidjred dilteexanpite, Irf rarmhar gﬂnbbrament the

R 08 LSt T RS St 5595 e b2 o
. 1 &8leh8PHLY noise power estimate.

[0067] Figure 6 is a flow diagram illustrating a technique of adapting a pilot filter in

accordance with the invention. Flow begins in block 610. In block 612 pilot symbols are
received. Flow then continues to block 614 where an estimate of the noise power in the
received signals is determined. Then, in block 616, an estimate of the velocity of the
WCD is made. As discussed above, the estimate of the WCD’s velocity may be provided
by a device, such as a GPS receiver integrated with the WCD, or the WCD may determine
its velocity, for example, by determining its location at various times and calculating its
velocity, or the WCD velocity may be determined in the wireless network infrastructure.

[0068] Flow continues to block 618 where, using the estimate of the noise power and the
estimate of the WCD’s velocity, a set of filter coefficients is determined. In block 620 the

set of desired coefficients are used to adjust the filter response. As discussed, in one



426 receives signals indicating the |ocation of the
WCD at a known tine, and by receiving W2004/ 023672
weERONANSBOD3/ 028108 16 the WCD | ocati ons at di PEEUS2UD3/028108
times, the velocity estimtor 426 determ nes an
estimate of the velocity of the WCD. [0061] The
out puts of the noise power ed8imator 424 and the
velocity estimator 426 are input to a coefficient
erabddmento theu nodffidizBs a'fh ergtfiiedeand sefedcfirorkample, in 28look up
eval uates the esti t he noi,se po n .

(ol iThabaherTobaER, Do e dEeERFn by B WedEingponse to
th%eés 1?x{ate%°8f fth&'n%m:sP(SVQelbﬁn&lstﬁéj hbileN W EDS WRlocA$0- 1hRt another
I clent selector unit out puts the desired set
emf)odimeﬁtt thei eatitrate i the hoise pgwendddithe esthhrﬂe of the N CB1ge transferred

and the respective nultipliers 414a t

414m .
frpobo ]V Bt teraoRst 1SAUSH I HIE WodpssingHy SR Gyhere the filter
e@fuﬂ@ﬂé’ a?é  deBr it ed""?@/«ﬁ ard ‘i’lra sEFEd Ml (6 tﬁ@tW@fD ValUGSil another
or coeffrcrents nay be pre etern1ned and stored in a
eﬂnb@dimdﬂt, tHeadstimatenel, notkeeivati igtransfdied from the Wokkto asmther location

velocity estimates, a particular set of coefficien

inefhe voipl9senetvoTk pad fha Y OTkAR RISy opsaeHittes. S yelecity O the WCD.
f I

PSR ol e SAED'cah e TRt HorPfichutifiint Bfade upon
sighd] Gedeled by thehetaricthat Weei tembmitfedrirars ehety COTh eInfadHttE)n the filter

I'n addition, the filter coefficients may = bhe s ec&ﬁg .
conifieienty gan e selsciedaltascd Pnithe evianyeial yhe velopisy D without

r noi se power estimate. [0063]

rq%r%&%% arpgﬁs p%%fe 1(tﬁﬁafe%e(:oeffl cients are determnm ned by

[0069] MObi | Fh¥\ESepdify deseeiptied daﬁils)d&rfmnémbtbdimeﬁlstdfﬁm f@vention. It
of the noise power and the estimate of the WCD
wilé | bscanpyecasted.t hapyporthaldne rater ovindesailed afr?of%gomg appears, the

| ocation in t I
R B0 L) 80 SR A g o v o
c@BRi1 haraseAstidcE Mhe de%&iﬁ)eﬁsdmmhﬁelﬁi afdCtb He cpnvikiered $n all respects

transferred fromthe WCD to another location in the
onliyr & édustradyevene noif realsicve tnd ethe 56pe 196 tb%u@tfmuynoh& therefore,

s dete ed at ..th r L £X :
NS I PO e S LR fron bl (FRIR: A changes
whedh\inte /1tR The ABATHE GAE Rinse BREGuivEatysifgRatiginieaeity 8d embraced

by the network that were transmtted fromthe WCD. In
vaidiiti theigscopehe filter coefficients can be sel ected
based on the estimate of the velocity of the WD

W t hout reference to a noise power estimte.

We claim:



[0064] The pilot filter coefficients can be used to
adjust a pilot filter in the WCD or a pilot filter in
W b@4p3oet ess networ k, or both. For exanple, tPer/VED03/028108
can determne the pilot coefficients and adjust its
own pilot filter or the WCD can transmt the pil ot
coefficients to the network ifhere a pilot filter is

adj usted, or both. In addition, the network can
determ ne the pilot filter GlogENMISci ents and adj ust a
pilot filter in the network, or transmt the
coefficients to the WCD where a pilot filter is

adj ust ed, or both Pilot filter WO 2004/ 023672

PCT/ S200 1 7. .coeff] can al so

i 11 dront 1 QPURAT ogBERg mkE bk GariRetid Festlingcignats ina
one set of coeffl cients can be determned for use in
vyrejgspepmmynicption setward the mpthpd camprisiag: of

coefficients determined for use in a pilot filter in

t he net wordkterth@GHd vélocityr & Hwirsless dohonikniclitiag rdavicein relation to a
anot her enbodi nent of a pilot filter constructed in

VARG A8RRBK Witftrhétlre! My@ntion. The pilot filter
illustrated in Flgure 5 can be used to inplenent

pllotfllt |nF lLust.rated in

Fi gure 5, ? {?e o] If‘%‘imefcl’rl Oerg C@%ECIePﬁcqfu%ee%liogtﬁgtgﬁiﬁasgg on the
filters 510a through 510n. Each filter 510 nmay be
fepmined velogitwef the Wirefes Fopnicafiprdevigs: sone ot her
filter structure. The filters 510a through 510n can be
different types of filters, for exanple sone of them
can be FIRfilters and others h Rwhile others are

some 20t herA mgBRdaek dbfihddan Claindl tigrélh ldb@amind he&8loefty of the
filters can be in any desired conbination. In

[ e
AL RSP el LS FLNR U AR
with it 006%% Each filter %}Oa t hrough 510n receives
PSHErRGA ip dheswir S%?QW“‘%‘?% VIEE- and  provi des
filtered pilot synbols y," through Y13N to a sel ector
512. The selector 512 then provides the filtered
pilot synmbols fromthe specific filter having the

best 3. 0r deflethed as dBRiddin TAIGE 1 AShdieih @etegling the velocity of the
controller 516. The controll er 516 recei ves estinmates

€

Ao DR UE e SRR B SOl e
esti .or, 426, Bas he val ues of the noise
I@é??ﬂ%@@t@hwﬂ$@ W9gﬂ@%?ﬁﬁFB“&the control l er 516
will select the desired filter output. In another
enbodi nent, the controller selects the desired filter

coefficients based on the velocity estimte w t hout
- r ef dt ence\ inethdneidsfinguioinellai@s 1 | witdréin determining the velocity of the

wireless communication device is performed in the wireless communication device, and
determining the one or more coefficients are performed in the wireless network

infrastructure.

5. A method as defined in Claim 1, wherein determining the velocity of the

wireless communication device is performed in the wireless network infrastructure, and



[0067] Figure 6 is a flowdiagramillustrating a

techni que of adapting a pilot filter in accordance
waowaoh/oese2 i nventi on. Fl ow begins in bl ock 610.PCTURI00Z#28108

612 pilot synbols are received. Flow then continues

to bl ock 614 where an estimate of the noise power in

the received signals is dete2ln ned. Then, in block

616, an estimate of the velocity of the WD is made.

daerairngitsete abmoes cdefiiciast arglegdonfied hahd\Biekesy edmginhigation

may be provided by a device, such as a GPS receiver

debicggrated with the WCD, or the WCD nmay determne its

velocity, for exanple, by determining its |ocation at

various tinmes and calculating its velocity, or the

WCD velocity may be determned in the wrel ess network

infrastructure. [0068] Flow continues to bl ock 618

wher & usihiethnd as defined ia Jpim hupbercompsinms applyingke one or

estimate of the WCD' s velocity, a set of filter

maefcbefficentsgo iapildefikerni ned. 1 n bl ock 620 the set of

desired coefficients are used to adjust the filter

response. As discussed, in one WO 2004/ 023672

PCT/ US2003/ 028108 18 enbodi nent, the coefficients are

predef erm eg. [ ex l.e, in.a Kk . .

Pabl o1 n AR TeBAG i cifim BEARR pblBit b€ HortBionts s

det er '.neﬁl by iehe WCD in response to the estimates of

PEHETTRE Bdh B les S RIUnHRICHH YI00CDs vel ocity. In yet

anot her enbodi nent, the estimate of the noise power

and the estimate of the WCD are transferred fromthe

WCD to another location in the wrel ess network

i nfragst r uch wethoths defihdtEinfC1hin€6, wheihfapplyai the 8b&ficients is

determ ned and are transferred back to the . In

' : ' stimate of noi se power

q%goﬁ%@ﬁ@? é?%rgleg %Tgé%n&tb f@ﬂmh[&glrg'not her location in

the wireless network and the network receives, or

cal cul ates, the velocity of the WCD. For exanple, the

velocity of the WCD can be determ ned from

meas B enent sethodens dphined ini (aiat 1 whartinalstepyining theetelaoitk further

that were transmtted fromthe WCD. In addition, the

cohiptiess reeeinf iveloeity hifeatution feel £ elobdl RASRRAIMY Syblem receiver.

estimate of the velocity of the WCD without reference

to a noise power estinmate. [0069] The foregoing

description details certain enbodi nents of the

i nvention., |t i1, be eci ated, however, that no.

Ve O BB EER  pBLREin Rliiy frtr
i nvention may be enbodied in other specific formns
CRIMPHSER reeRa AR ©f legstive Aedatian FspsUrements obths aviteless communication
characteristics. The descri bed enbodi nents are to be

deeics] wieareid theymahduranespeat snade at different, known, times, and determining
the velocity of the wireless communication device is based on the at least two location

measurements and their respective measurement times.

11. A method as defined in Claim 1, wherein the wireless network

infrastructure further comprises a base station.



only as illustrative and not restrictive and the scope

of the invention is, therefore, indicated by the
wa@ppeiebsd cl ai ns rat her than by the foregoi ng PCT/US2003/028108

description. Al changes which cone with the meaning

and range of equivalency of the clains are to be

enbraced within their scope.2Mé claim WO 2004/ 023672

PCT/ US2003/ 028108 19 CLAIMs 1. A nethod of adapting

a pillat fiArethodhatdepratieddeais i evierviedesrmimugsthe wna or more

wi rel ess communi cati on network, the method conpri sing:

coeffRIemt fuRtfertoMBIrREd deterBfinifg M et ¢ BBRINERAL A% on a noise
device in relation to a wreless network

ture; and determ ning one or nore
p&%%@@ﬁ%%ts of the pilot filter based on the
determ ned velocity of the w rel ess comrmunication
device. 2. A nethod as defined in Claim1l1, wherein
determining the velocity of the wreless
conmus3i catA owthiehas defivgdiindduier bj whergintthepidotdilier isrdfirgte impulse
coefficients are perfornmed in the wireless
réporseigat i on device. 3. A nethod as defined in Caim
1, wherein determining the velocity of the wreless
conmuni cati on device and determ ning the one of nore
coefficients are perfornmed in the wirel ess network
infr struc as_defined in_d
wher e’{‘QF’ﬁi% aﬁéﬁ flﬂi-fvf’\? Ble?%yw%ﬁffe‘tnﬁlée PRt f&eééssan infinite
cormunl cation device is perforned in the wirel ess
impise ndspandeditedevi ce, and determining the one or nore
coefficients are perforned in the wirel ess network
infrastructure. 5. A nethod as defined in Claima1,
wherein determ ning the velocity of the wreless

ﬁzmﬁﬁ% Attt ahc AROLGE Il difenibifid e or more
o ToRG: RS B0 R el R R ol sosfiagems f0R1 Sset of

conmuni cation
predetermined coefficients.

16. A communication device comprising:
a pilot filter that receives pilot signal samples over a communication
channel; and
a controller that determines filter coefficients of the pilot filter based on the
wireless communication device velocity and adapts the pilot filter to the communication

channel.

17. A communication device as defined in Claim 16, wherein the controller
determines the filter coefficients based on an estimate of noise power in the

communication channel.



device. 6. A nethod as defined in Claim1, further

conprising applying the one or nore coefficients to a
w@pRdoa2¥e7t ter. 7. A nethod as defined in d ai nP@1/US2003/028108

wherei n applying the coefficients is performed in the

Wi rel ess communi cation device. 8 A nethod as defined

in Claim®6, wherein applying 2he coefficients is

performed in the wireless network infrastructure. 9. A

met hod as defined in Claim1, wherein determning the

velocity further conprises receiving velocity

i nf ongnt i Ancdni@thidat@rddde RASTihdDRI MEmMSHGS Fithel E6BhNEHg a set of
10. A nethod as defined in Aaim1, wherein

pﬂﬁ%ﬁﬁﬂhﬁh@gdﬁpﬁnﬁelOCity further conprises receivVving
at least two location neasurenents of the wreless
comruni cation device, wherein the neasurenents are
made at different, known, times, and determining the
velocity of the wirel ess comunication device is based
on t AR at A exsmuniggtidnodsyidess defvesalsiniBaient & vehedein Hei r
respective neasurenent tines. 11. A nethod as defined
piedetetringt toeffibensBiare tchtevet fohes foRPUWEHIK
infrastructure further conprises a base station. WO
2004/ 023672 PCT/ US2003/028108 21 12. A method as
defined in daim1l, wherein determ ning the one or

nore,,coefficients further c ri ses, determning the
one 3P mortC BRI e G 48 dattesd 18 Gl LD, Wiiggid the Velocity of
estimate. 13. A nethod as defined in daim1l, wherein
therrenpnynieation|dewice issdegermingd ia acepydanse withdnfosmatort frpmer global
14. A nmethod as defined in aiml1, wherein the pilot
pbsitidreing systeamrdcaiveni te i mpul se response filter. 15, A
method as defined in Cdaim1, wherein determning the

one or nore coefficients further includes selecting

the one or nore coefficients froma set of

ggﬁg??gnm ?c:eo(%nrﬁgr%ggtio% cﬁa@gcsé'as gigfineﬁ ifi %ni()c,%v Ie?e?n eevvlefo%ity of

the communication device is determined in accordance with at least two location
measurements of the communication device, wherein the measurements are made at
different, known times, and the velocity of the communication device is based on the at

least two location measurements and their respective measurement times.

22. A communication device as defined in Claim 16, wherein the pilot filter is

a finite impulse response filter.

23. A communication device as defined in Claim 16, wherein the pilot filter is

an infinite impulse response filter.

24. A communication device comprising:



a pilot filter that receives pilot signal sanples over
a conmmuni cation channel; and a controller that
waledogozdenes filter coefficients of the pilot fPET/E82003/028108

based on the wreless comruni cation device velocity

and adapts the pilot filter to the comrunication

channel . 17. A communi cati on 2%evi ce as defined in

Claim 16, wherein the controller determ nes the

filter coeafpliralignif pilbefleds eachaif wasdh isadefigfredii iseeive a pilot
ower in the communi cation channel. WO 2004/ 023672

P
sl aHQﬁQB?f{pQF§§iR§red%ﬁot1§%naﬁ &@muni cati on dei ce as

efined in"claim16, further conprising a set of

pr edet er m ned efficients. 19, A ni cation.devic

as define&cpﬂu@ﬁgfﬂPq fe%ﬁﬁ?é?ko?ﬂég %ngﬁﬁ%Pﬁpﬁgngrgmpum
coefficients are retrieved froma | ook up table. 20. A
bagserurthe wirelss erampeicaiongleviaselacty-d ai m 16, wherein

the velocity of the comunication device is

determ ned in accordance with information froma

gl obal positioning systemreceiver. 21. A

COMMYRi caty AmmENicGEorfdevilelds MBHnddin @182 4, GvhetiR 1R ddntroller
the velocity of the comunication device is

e P e e R REPARTTAN lefbn =BEHmb  SEhGREbH o

nmeasurenents are nmade at different, known tinmes, and

the velocity of the conmunication device is based on

the at least two | ocation neasurenments and their

resp@6t i veA cemswnieatort davigess defified iA oimmhi wletréiorthe plurality of
device as defined in Claim1l6, wherein the pil ot

flifeld 88 chiFigued toHeta@aptBdBY SlRanpRBIRRS Qodfficietts. 23. A

comuni cat1on device as defined in Caim16, wherein

the pilot filter is an infinite inpulse response

filter. 24. A communi cation device conprising: WO

2004/29?367AZcfmcyugggggnsé&%gzla%8defi%§d in Claim 26, wherein the controller

determines filter coefficients for the plurality of pilot filters based on the communication

device velocity.

28. A communication device as defined in Claim 27, wherein the filter
coefficients are selected from a set of predetermined filter coefficients.
29. A communication device as defined in Claim 28, wherein the

predetermined coefficients are retrieved from a look up table.

33. A communication device as defined in Claim 24, wherein the velocity of
the communication device is determined based on information from a global positioning

system receiver.



a plurality of pilot filters each of which is
configured to receive a pilot signal and to output a
wo pdoeesd pi | ot signal; and a controller confiPCr/Es2008028108
sel ect one of the plurality of pilot filter outputs
based on the w rel ess communicati on device velocity.
25. A communi cation device as24lefined in C aim 24,
wherein the controller selects one of the plurality
of pilot filters based on an estinmate of noi se power.
26. A communi cation device as defined in Caim 24,

wher e3;n t hg cpindiildativn 8dvicd Ad defih&d Y €laGRNH @Héx@ﬁk th@véwcny of
adapted by changing filter coefficients. 27.

T T

luralit ilot filters based on the conmunicati on
IB%Q?P@@ é‘%&ﬁp@m@gmcﬁl%'d%ﬁ?ﬁr whstpighemppeeents aeimady at
in Aaim?27, wherein the filter coefficients are
d8keeot, buown times, andtthovelpritydditey enmmmunitatianedevice is based on the at
coefficients. 29. A communication device as defined in

16452 tWd BB atih@eSureridhs and tREle tRpabNe theafabinkfd thhdss ar e
retrieved froma | ook up table. 33. A conmunication

device as defined in Caim24, wherein the velocity of
t he communi cati on devi ceis det erm ned based on

infornatio rom a osj t.ioni ng, .syste ) .
recei %r. ‘&@@W&‘}“@ g‘? ffgﬁs/ ‘i‘)é? S‘V‘glé‘giég Wg]qfe@lthe plurality of
communi cation device as defined in aim24, wherein

niles filtersges fiyitoimpulssacsponsaifiltarat i on device is

determ ned in accordance with at | east two | ocation
nmeasurenents of the communi cati on device, wherein the
nmeasurenents are nade at different, known tines, and

the vef oci A%oﬂmﬁﬁl%u&? AEHE S£A4RABd ijne@aﬁﬁ Zklswﬁﬁgﬁdché)ﬁlurality of

the at least two |ocati on neasurenents and t
E’\s'}?ﬁm ve asure nt ti g 32. A conmuni cati on

& & fEpieEgY ﬁﬁép%]? fﬁ’r "wherein the plurality
of pilot filters are finite inpulse response filters.
33. A conmmuni cation device as defined in C aim 24,

wherein the plurality of pilot filter are infinite
I mpul 3 r eApomswinfdatibedsvice as defined in Claim 24, wherein the plurality of

pilot filters comprise finite impulse response filters and infinite impulse response filters.

35. A wireless communication system comprising:
at least one mobile wireless communication device with a pilot filter that is
configured to accept coefficients that adapt the operation of the filter to a communication
channel response; and
an infrastructure device configured to communicate with the at least one
mobile wireless communication device, wherein the infrastructure device receives signals

from the mobile wireless communication device and based on those signals determines



34. A communi cation device as defined in C aim 24,
wherein the plurality of pilot filters conprise

wo povsozernpul se response filters and infinite POPUSRE3/028108
response filters. 35. A wireless comunication system
conprising: at |east one nobile wireless comruni cation
device with a pilot filter th3d® is configured to
accept coefficients that adapt the operation of the
filot fidter ¢capifaciovsmndirastiiie the aleéiimelts totbporebds waretksan
infrastructure device configured to communicate with
ddaematicdtRasievieB €or IBR tehipufifl BRSO cati on
devi ce, wherein the infrastructure device receives
signals fromthe nobile wrel ess conmuni cati on device
and based on those signals determ nes WO 2004/ 023672

PCT/ US2003/ 028108 25 pilat filter efficients an .

tr ans}ﬁ? ts 4 RETLTSEFPNETUaIFREOR BystoppasiRbined lw}%gpééswﬂerem the
conmuni cati on device for use in configuring the pilot
infrastencturg Biclutleni bedesstationonmuni cat i on system as defi ned

in Caim35, wherein the infrastructure includes a

base station. 37. A wireless conmunication system as
defined in Caim35, wherein the signals received
from4-he P LLShRS GATER ] | ' I9aC .

an esif?na?’g%#&gwcgm seﬁggvver %%dﬁﬁe?ﬁﬁb% 3, WHEkBin the
co ni catjon channel. 38 A wirel.ess conmuni cation .
SRR o BRI y i e R o R Taf gaArcestimate of a
received fromthe nobile wreless comunication device
1qitel peceer dgyebisttherperamynicatiorechipiell e wi rel ess

comuni cation device velocity. 39. A wireless

comuni cation system conprising: at |east one nobile

wi rel ess communi cation device with a pilot filter that

is confi gynaEdR Ricafif fystent BNASinkd A Cﬁigxﬂ@ti (gF\@rein the

operation of the filter to a ‘communi cati on ann

SRR e ENin T PRBTEE AR At 5 e B Qumate of

conmuni cati on device, wherein the infrastructure
the mobie marelgsy eemaiugication deviesnvelasdtynobi | e wi r el ess
comuni cation device and based on those signals and
measurenments made in the infrastructure, determ nes
pilot filter coefficients and transmts
39. A wireless communication system comprising:

at least one mobile wireless communication device with a pilot filter that is
configured to accept coefficients that adapt the operation of the filter to a communication
channel response; and

an infrastructure device configured to communicate with the at least one
mobile wireless communication device, wherein the infrastructure device receives signals
from the mobile wireless communication device and based on those signals and
measurements made in the infrastructure, determines pilot filter coefficients and transmits

the coefficients to the mobile wireless communication device for use in configuring the

pilot filter.



the coefficients to the nobile w reless comrunication

device for use in configuring the pilot filter. WO
wWQoNRE3672 PCT/ US2003/ 028108 26 40. A wi r el BGFUS2003/028108

comuni cation systemas defined in Caim39, wherein

the infrastructure includes a base station. 41. A

Wi rel ess conmuni cation systen®@s defined in daim 39,

wherein the signals received fromthe nobile wrel ess

comuni cation device include an estinate of a noise

power |evel in the comunication channel. 42. A

W relgss cOWMMsS8bhRRMnRYSS L R eddinedid Olaéh39MyBRein the
wherein the neasurenents nade in the infrastructure

ihﬂgtrlﬁgﬁlr@{ﬁcﬁl%& %58% s?zftio .he. mobi | e wi r e! ess

comiuni catron device velocity. 43. A wreless

comruni cati on system conprising: at |east one nobile

wi rel ess comruni cati on device; and an infrastructure
device with a pilot filter configured to receive a

si gnatl. trAamsreldass ecmfuoitetidresysei dsedefinedine€kim 39, wherein the
comruni cati on device over a communi cation channel and

sighaBRGE Ve dCR6th ihCinBhlSwirbidts daRiniéRn #5720 He@ud¥f antdi€mate of a
filter, wherein the infrastructure device receives

b : ' 1.r el comuni cati on devi ce
@%%%B%gieeg%wﬁ%se g%‘lgﬁtm“s&ag‘%%et of coefficients
that are provided to the pilot filter are deternined.
44. A wirel ess comrunication systemas defined in
Cl aim43, wherein the infrastructure includes a base
stati4n. \OWIGHRst CRBBINRICAGT YSRO0B @figedH CRIMAS, wherein the
wi rel ess comruni cati on systemas defined in Caim43,

e tiRhienishifadedh Giinfragtaciny 8l lide ameb i@ ate P tHeemvbileoh @S18ss
communi cation device include an estimate of a noise

B ni&a?i\éﬁldie{?lge%‘l%ci‘fﬁmmm cation channel. 46. A

w rel ess comruni cati‘on systemas defined in Caim43,
wherein the infrastructure estinmates a velocity of
the nobile w rel ess communi cati on device and uses

43. A wireless communication system comprising:
at least one mobile wireless communication device; and
an infrastructure device with a pilot filter configured to receive a signal
transmitted from the mobile wireless communication device over a communication
channel and to accept coefficients that adapt the response of the filter, wherein the
infrastructure device receives signals from the mobile wireless communication device and,
based on those signals, a set of coefficients that are provided to the pilot filter are

determined.

44. A wireless communication system as defined in Claim 43, wherein the

infrastructure includes a base station.



the velocity estimate in determning the set of

coefficients. 47. A wreless conmuni cati on device as
waledounzsd7i n Cl aim 43 wherein the pilot filterPCEUS003/028108

finite inpul se response filter. 48. A wireless

conmuni cation device as defined in Caim43 wherein

the pilot filter is an infinte inpulse response

filter. 49. A wireless comunication device as defined

i n A48 m 48wimlees edmmuhieatiomdystast asudefinedindEMim d3, wherein the

further conprises a plurality of pilot filters.

signals received from the mobile wireless communication device include an estimate of a

noise power leveling the communication channel.

46. A wireless communication system as defined in Claim 43, wherein the
infrastructure estimates a velocity of the mobile wireless communication device and uses

the velocity estimate in determining the set of coefficients.

47. A wireless communication device as defined in Claim 43 wherein the pilot

filter is a finite impulse response filter.

48. A wireless communication device as defined in Claim 43 wherein the pilot

filter is an infinite impulse response filter.

49, A wireless communication device as defined in Claim 43, wherein the

infrastructure device further comprises a plurality of pilot filters.



