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COVMUNI CATI ONCHANNEL ESTI MATION Cl ai mof Priority

under 35 U.S.C. 119 [0001] The present Application for
w@ai0e028100 ai s priority to Provisional ApplicaP@Dnsio6/034369

60/ 713,995 entitled "MEMO ON | MPROVED CHANNEL

ESTI MATI ON ALGORI THM' fil ed Heptenber 2, 2005, and

assigned to the assignee hereof and hereby expressly

i ncorporated by reference herein. BACKGROUND Fi el d

comuni cLOBRETRICATEON FRANRIE # SR A TION
generating a channel estinmate. Background [0003]
Receivers_in wreless cgm‘runi cation systens often

Claimof Priority twmder se 258 s that filter or otherwise
pro cei . ¥ 2 t . .
P8RSy i AR G561 b i
Noi r6®l'885996 o entithed A INIBMQG h@Nn MR @ ¥HDh (SHANNHIe r ESIHIMATION

i; f.adi channel racferi.sti,c esulting.,in
AFEPRTSED, o) SRtgBof B, BPEnaH Fodinnh HE° risnde dliof and
her§yBxpadssiganddtpordted By fréfRfepbé héreies. Channel

conpensat ors process the signal before denodul ati on of
the received signal. In code division nultiple access
(CDWVA) systens, for ex ceived signal is
processed by a |inear ?&?F}zﬁe@ﬁmgt at | east
Fiehrti al ly conpensates for the wrel ess channel

characteristics before the si giglalt i's denpdul at ed.

ConvERR PEHER ENSHIE) reldes BTl toh GRRIAIRICAUP, SY§ieng gpd more
speBirRERY ioUReral ARG Khaflel GiAMRE! estimates that do not
maxli mze the equalizer function's perfornmance. In
particul ar, conventional channel estimators can not
B rovi de, an adequately accurate channel estinmate for
ckeropng, o deci si on feedback equalizer (DFE). [0004]
Ther RE@iRrs t er Guitelesd  NOAANTM¢atidN | Jyteméeofeani@ize channel
estimator. SUMVARY [ 0005] A channel estimator is
capepepsyoisebiat BliereereptheusccPran?is|2 eseivad signphicaprsoestéects of the
Wirglgkscc%trﬁﬁ{ n18£t10 hc%réﬁ?ﬁtl %E 4Rt A&&?al.% wirefdst %l)rg).ﬁﬁmica‘iion channel often
cormmuni cati on” channel "based®on ‘a recel vedsi gha
hazasemitarisigngdamislniofading rchmsiel charactsiigiea lresaitthgainmulgple versions of

signal.. The channel esti mator . ) :
the glgnal arriving at the access terminal device at different times. Channel

compensators process the signal before demodulation of the received signal. In code
division multiple access (CDMA) systems, for example, the received signal is processed
by a linear equalizer that at least partially compensates for the wireless channel
characteristics before the signal is demodulated. Conventional channel estimators,
however, are limited in providing imperfect channel estimates that do not maximize the
equalizer function’s performance. In particular, conventional channel estimators can not
provide an adequately accurate channel estimate for use with a decision feedback
equalizer (DFE).

Therefore, there is a need for an improved channel estimator.

SUMMARY
A channel estimator is configured to determine channel estimate parameters

indicative of characteristics of a wireless communication channel based on a received
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is configured to apply, to the received signal, a
frequency domain representation inverse of a

wa@ ooshiozsadd on of a known signal factor as a funeCT/082006/034369
frequency and a noise factor. BRI EF DESCRI PTI ON OF THE
DRAW NGS [0006] FIG 1 is a2block diagram of a channe
estimator in accordance with the exenplary enbodi nent.

.[0007] FIG 2 is a block, diagr Yol :

sebRapr g Goah Frgpip el i) g feBe TSl cyimator

is AIMASHREARS apply Stodh@teceiped sighdic @ Sisquency A00@In fepsentaticn inverse
an i'llustration of identified signal paths within a

of aicombinpon eiaknqunsighal factor as 5 ncian FIFHERY B AR deetor
of generating a channel estimate in accordance with

the exenplary enbodinment. [0011] FIG 6 is a flow
chart of a BRIEFIDBSCRIPFIONOFFTHBEIRAWNGSof f set s

i n accordance with the exenpl.ary enbodi ment. |
DESTHOPH N[ D080 AETERG e ENS B ellb PR UG cE ih the
ex;ﬁgﬂ&ﬁémﬁggihgme of a wirel ess conmunicati on channel

based on a signal

recei ved through the wrel ess
charfiél 2 isthislocle dieigvesnl obaneremplay charmsl aralyzshst a known

tra i fted signal and.noise.
enbgraggm%i‘ﬁa}blf’ﬁlgggﬁmgf aré%’%e?ﬂ%éirgrs {%ﬂ %cli udg}gcg&%ﬁannel
analpizes id fptiustedtRnrornasmtitisd sizgahl padrsanigdiie aginangpeatrum.
non- pat h channel adjuster that determ nes noj.s

" UG S palosinghast & mahph PR ERICEHING o SRES) S ggoordance
W%Qﬁg%?@?@% PRRLAIRESL. S and the noi se reduction

0 generate a channel estimate that can be ,
appl¥ied 6 ns a Floweahareqifiad inzgihodof dletsrmining fséggbaath offsets in

equal i zer, (DFE) used t process recei ved signals. The
acepralaRs! Wit ﬂémplzsi‘fﬂb!a‘ing%,lmlﬁﬁt'the recei ved signal, a
reverse equalizer function that includes an inverse of
a conbi nation of a known sig}gﬁggl factor _and a noise
¢

factor when repr es DIREAILED REGIEN Y domain. The

non- pat h channel adjust.er d ' ' Cl icati
par a @?@PF%&{?&% %C%B?SI ae%agl{slgppegﬁﬁla%?d b e\gﬁc gééénérg}gﬁﬂumcamn
cIBShiINBE& of @Sdibial irBcedted @asighphe wirldsy chaheti Pig teh@ved signal
channel estimate within tinme del ay,vvigrﬁ betwien bodiment
inclides tf lead askngva trpnstterb pighal ang roissy the epwliry embodiment,
L pe-dgl | Il ' k¢l eidnnélyparameters
T R R A T T
alB$e n6h-Phihochimmel heljustereihaerdetemmasdoeism greduction  parameters. A

parameter processor combines the channel parameters and the noise reduction
parameters to generate a channel estimate that can be applied in a linear equalizer or
decision feedback equalizer (DFE) used to process received signals. The channel
analyzer applies, to the received signal, a reverse equalizer function that includes an
inverse of a combination of a known signal factor and a noise factor when represented
in the frequency domain. The non-path channel adjuster determines noise reduction
parameters that when applied as part of the channel estimate, result in at least partially
reducing the channel estimate within time delay widows between identified signal path
delays. A searcher detects time-delayed versions of a pilot signal to identify the relative
time delays between signal paths from the base station to the receiver. A windowing

filter determines the appropriate noise reduction parameters to apply in the parameter
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filter determ nes the appropriate noise reduction
paraneters to apply in the paraneterprocessor that
wOo e@aloes1idm t he at | east partial reduction of tPET/US2006/034369
channel estimate within the time wi ndows between the
identified signal paths. [00B83] The word "exenpl ary”
is used herein to nean "serving as an exanpl e,
i ! st.nat.d enbodj, ment described ...
P80 bl MRS Bl Ao RE S e Ry G B8 it he

timenahdeecbewedy the edentificdkigasdartisageous over ot her
enmbodi ments, [0014] FIG 1 is a block diagramof a
chanhBf WEEL TSHERBIrY OB Weh ety mepna seahe an example, instance,

o RBEARALO [An%%hﬂoﬁirﬁ&ﬁqemgﬁ .Fﬁfeeﬁrh# e )égagfi i‘r"s‘r;r%ég necgggarily to

enbodi nent o e 1 nvention. channe
beregnshreed asgireflernd edadvantaggowsmvbi othti emb@fimbats dwar e,

sof t e, and/or firmvare, I n the exenpl enbodi nent ,

Sof t Wit el BoudaeldiRHITDRT & CHFBELESERaRY AP Fomprokddiacs channel
cifipdfisita 1GMENaRErdaRkd Wil thd 3R&ISSThry Ghb&ileht HOhE 3 eBition. The

conmuni cati on devi ce, executes the cal cul ati ons,

cheanplaastiseies 108 rdaaby umplementsdtin apg chmbmatine of hactwaon software

] ' I . The yario function
o8l BuFAE ke SR RS PobRBnshlSp b e EPEhl Phcesor
withint fre acdess eginires tsuciao fcelfl@r ARAsOS or MR POMaBIR Edh@biication
nunber of devices, circuits, or elenents. Two or npre

dfice et tNoneAlCtiRmgRs REpaBIs N8 adBYmIeAtsa (& Reglogm  the
fgNbfeotmd dhlfndl %ﬁfﬂaﬂﬂ'slldé).e FGE! \%ﬁgm"‘?ulﬁﬁ[)f@ 5{'@ %gé}{&&lglgy of the

singl e device nmay be 1 nplenented over severa
bliopkss daserilrdr withsef@ranes .to Foy clenaelpdstinsoorel 00f mhyde implemented in
functions .of. the searcher 118 be perforned by the
b F O Ao Frsuh R BrigemPE ey et ot BN gHocks may
bé figegaed iCalkidbld @R @B fdittioRO BB cAbed Aep&tanRl$n TRY single
be processed in the time domain or in the ]fjr equency
desésramay by aplemented) oves seyrstlalevibe9in spme eireiiasigricas.yFor example

' J r nctions.and. bl ocks, t hat .
SRSy biEbESe 9L RO, ARGy By DR gy i
savhatirduynstdn0€sl Blephding lvanhe pagistiafahplemb 8t o @hat 65thd signals

channel estimate 104 that is used by a channel _
H@%ﬁﬁ@f&?ﬁ% i tirag M3 o In tha AUy dpmaey. The channel estimator
16 S Qﬁerﬁlgggr?%}ﬁnlg%cﬁ)gﬁﬁt! néRles bflePRAESTR a%ﬁqg@étk% that gaﬁe gmitted

“transnitte ase station and recelve rou
inviflCe [l és the gumresindfdae vignarshdmitgl . The resul ting

conmpensat ed signal 1 is forwarded to a de ul at.or

o TR Pubte iR 1B eert el lintie TBRdhtf wsed by a
cleghdldhpedddtbril01 2sucH A8 bilRBardqubliRH 8L R A¥cidBA féB¥ack equalizer, to

i ncl ude any conbi nati on of paranmeters, variabl es

Prafeis ofignabh sragsmitedh fione anbise sipiion @adbieceiied chegll a wireless
cHRRRPAFCEnAd. UPhed ?&Lﬂftﬁlgt Q&mﬂ&%%& Vs?gnal 106 is forwarded to a

demodulator in the receiver for further processing. The channel estimate 104 is a
function of frequency and may include any combination of parameters, variables and/or
constants that can be applied by the channel compensator 101 to reduce the negative
effects of the wireless communication channel. For example, the channel compensator
101 may remove noise and manipulate the received signal 102 to combine multiple time
delayed versions of the incoming signal 102. An example of a suitable channel
compensator includes a DFE discussed in US patent application serial number
XX/XXX, XXX [ATTORNEY DOCKET NO. 051238], filed on March 21, 2006,
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effects of the wirel ess comunication channel. For

exanpl e, the channel conpensator 101 nay renpbve noi se
wapa7mes1dpul ate the received signal 102 to conbCTES2006/034369

multiple tinme del ayed versions of the incom ng signa

102. An exanple of a suitabld channel conpensator

i ncl udes a DFE di scussed in US patent application

' [ NEY. T..NO. 2381, ..
oy DBt e Bt T Vg s g which
isEngorporart by @efefopdeinivdrsiren hbteid.i pl exed Signal s, ”

which is incorporated by reference inits entirety

her ef A chapebestipprior Hith Hefudes @ shanes! arelyze k0% eed agsignal path
pﬁ@@s@ﬁxe lll@rfﬁltf(@ %&eﬂlﬁ%ro}a%ﬂlb@dﬁﬂ&'ﬂain Qﬁhg.cﬂr(ﬂl%&?ﬁ&rs, hdQever, the

in the exenplary e dinment. |In sone circunstances,
sipmakepadr procéssoss il that theathanpel cnebzar 108LMag betdigitted aFeter, other

nal yz 108 may pe omtied. Further, ofher techniques

PR Tar ERTEFTEHBS ERAIRLr R SRl 10103 b el Ve Tl path
prétésBort 11D 16 ig8dthte RBE thaRhEIGRER e 1DAOTACINGSRRLAb& {difsienal 102 is

channel estimate 104. The incom ng received signal %2
repeived aletho shannel compaiaond)1.dbepbamiat analy@1 108 hed the signal path

nal yzer 108 and the signal path processor
W%Q%Q&?H8?7] The channel anal yzer 108 applies a reverse
equaThediannel dnaligéd 108 dpplithe réveeRicytslizatign Alnctibn to the received
.determ ne channel paraneters 112 indicative of the

Sigha! dp dstermiiemnaned (ReF A el ndicali e pletip syireless communication
cihh OBt RtEL VIR R o F FHA b vedde! chlafi%fb'h' flctdioh %]s iiiﬁ(‘éussed with

di scussed wth reference to a representation |
referenpgetncyy reppogseitation e thehfiequehcya dainyine thel iBnnalyanabizén 108 may
ocessing in the. ti dommi n. For exanple, the
ol itar o b bt Sne R o mmplop e AUER S geA e 1A response
mhy 86 defisneddatrd ﬁe@iéhgrjr/] HEmeiET: @dplethehR8 if kBB HO WBIid i3 some
.sone circunmstances. Those skilled in the art wll
cipcapstpnrese These skilled dushe prievillorecogrizee huy vadows timertd-frequency
ugney+Lo-ti e i ransformat i.ons and frequenc .
o SR Ao Dol RO RE RS omain
prbtexeingommynbe Te@nbiesdErad @eitassedain ahe fithet ddMain MBR reverse
reﬁresented_in the frequency damain, includes an )
equAliEation TeicloReWRGHISPIRsEItBrhinghe Arerpmins domgimlincludes @p inverse of
hé . i Lol i y . n .
HEARR0 b hIGh0R AR A Bl e LERR AE g, g channe
pasargetbmsidd geaetateg bynthe kbasiehadlyZeo 108 acbasad partl SiRhe sffgnal to

the r.ef ce.sigpal, such as the pilot signal, used
nqigF el GRS LTS cg Sishoh Sugh g ff@ezaf% S8 Bisob fteschannel
anlalyzéh1 0¥ ThB Freg 8y REHoRLEN # whRS tRe RGBT Bas a high SNR
enphasi zed by 't he channel anal yzer 108 when

arg| ephatisAdyy theehanneh ardlyzrarl@fevhensdetermining the channel parameters
112. Conversely, the frequency components in which the reference signal has a low

SNR are de-emphasized by the channel analyzer 108 when determining the channel
parameters 112. An exemplary channel analyzer 108 is discussed in further detail with
reference to FIG. 2.

The signal path processor 110 generates noise reduction parameters 114 that at
least partially reduce the amplitude of the channel parameters 112 within filtered time
windows when applied by the parameter processor 116. When applied to the channel
parameters, the noise reduction parameters result in a channel estimate that reflects the

filtered time windows resulting in reduced noise when applied by the channel
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112. Conversely, the frequency conponents in which the
reference signal has a | ow SNR are de-enphasi zed by

wo b@7okspmel anal yzer 108 when determ ni ng t hePCITaR2066/034369
paraneters 112. An exenpl ary channel analyzer 108 is
di scussed in further detail %ith reference to FIG 2.
[0018] The signal path processor 110 generat es noi se

a 4 rt I
e o UL ASTRES: B o hocbidrl Balanlii B4 gy im roducea

n(mset ini the fcohlpensfatbdt sigreal WG Hp\psowﬂmg infophatesh RYatéd1® the likelihood
plied to the channel

116,
© p%i% ﬂgé i >rﬂ?ﬁ€gs b %@%w\ﬂéa dey's ansgﬁ%fhﬁ 1% 1deniifies relative time
délifﬁ%@&k/eé‘ls&lgﬁﬁiﬁ Eathb 8y dEf%Hn?g:ﬁﬁleIJT%ef ’véﬂsﬁﬁ?g éﬁsxgn s%,%nal such

wi'ndows restlting in reduced noi se when app
ascpitat ﬁ%brﬁs]&mhdhe sxtchend t® n&jlmlg,iblylpnlbﬂ @n Mo frequency domain in

e PRI NL R X —

inrte dtretidnaih e sbrhK eirdue@hced. ’Iﬂlle&eﬂch&aﬂtgsgeﬁéﬂafés'an&s@ﬁptlon of
particul ar del ays. A searcher 118 identifies relative

the FiesalRathy abise ideatdeaghtic Pafhetime offyetsl 2@ betinegn the SIgnal paths.
Int t'hg‘%x&fn %Jﬁr ﬁgﬁpﬁin%% he ¢ 1? ‘ﬂi})fg 'a%f%reﬁc’clgcsg%na? ggl!h rguch as the

sl gn al searc
sigrtaé paﬂlewﬂie theyleaho deliay, dre stoteel 1exmmd>@rw1tle b agoeiart aaplitude and

di d. b be i nmpl enent ed
pase TR Fie Bty ACRIE Eae It seAihet 114 Bsatey R ol chgnel path
tirhd BffeRehAthe Sofespbidih Rinifudk ide h&@alA @91% e tt@(ﬁhque for

i ncl udes at | east the ath time of ets 120 bet ween
detereining gth (biamen offsqts 1f2ﬂ ds elisowpiedr helewbwith meferenct i toeFIG. 6. A

e R R T T T

ofﬁMetsfthmsm&DBda giltertdagpedicy disend (RO RgnkD 5orhﬁﬁ1s§ﬂeﬂ @?gnal 106.
1Eﬁath Accordi ngly, the searcher 118 creates tabl e
Thg windpwing filter sruersiesdbe goise reructipn @méﬁrﬁélfh st Wh@espphed

tiabl
T T O
asAEFB:ct@] bA the nbmeheptiimatd. dn th Excdﬂplefy’rbrﬂbﬁdlfmehﬁ, gflefbd windows
W ndows 2) ween the. identi ath time offsets that
RIS “."Teiﬂér’faé‘amsw éVdE%éN e thefrangmissipanviadows extend +

3.5 GRpE Tt e@blﬁidgmedls%al 58 whe G%tnﬁgéorh%ﬁlgn $RAF 'ixf’fﬁcgﬁvs are

t he noi se reducti ong;gar aneters 114 applie

Popifionerbbesieame chip longb deoemisdios Wlnécws havunrg ¢anltdre nethe path time
o B RS B R vt S Lol o

mdxitar MaWrﬂtiﬁM&Slcﬂf Windowiik bRReth &ﬁﬁ&@tﬁﬁsé At ABRY &%hﬂﬁantly far
where the transm ssi on wi ndows extend

frq{]i‘qu]ﬁ’s‘ eRdipdsiEal pafnti fi ed signal path tine offset
Accordl Rehdtatell! hoisd MhRLioHs pAafheters 114 result in at least partial

attenuation of the channel parameters 112 within the filtered time windows when
processed by the parameter processor 116. In some situations, the channel estimate 104
can be set to zero to completely attenuate the channel parameters 112 within a filtered
time window. The noise reduction parameters 114 generated by windowing filter 122
may be set such that the channels parameters 112, when processed by parameter
processor 116, are unchanged outside of the filtered time windows. In the exemplary
embodiment, any position outside of the filtered time windows is always within + 3.5

chips from at least one of the identified signal path time offsets. In the exemplary
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positi oned between 7 chip I ength transm ssion w ndows
havi ng centers at the path tinme offsets. As di scussed
whedoom2s1e0 maxi mum del ay filtered wi ndows are ap@l/usm06/034369
out si de of a maxi mum del ay transm ssion wi ndow in
order to reduce noi se at del 8ys significantly far from
the identified signal paths. [0019] The gener at ed
' t] e I
RSB WG RO, PRURTE bt Y. bl Ryl e channe

pammtnbtleﬁ; drb@of hitdrnrd A& Iambutsidédﬁ\mﬁe Mter‘a:drthﬁ@ Gﬁﬁ(ﬁﬂvsbyhﬂdﬁﬂley are
paraneter processor 116. In sone situations, the
CHRIRED aeRIARs i thefilseeds gme, &imdops. Pbermgeiings pf noise
t 2 ilt. .
PGPSR, EOPRRCh ABATE! ke HANAILAG f bt Rbucion
pyemetesst Hd day beisadmeh lligat thel dhemnel @Qrannperb Ql%ﬂ'e asteinfatddaitside of
rocesse

hannel t b -
thﬁg‘fl C n.ne S rg@gg}?]l E f@ ang@na‘Fﬁ: E‘?ﬁag Cfag:a{ g?%fé % tbteh%stlmated

pdrhinbef SNR 'cffﬁ‘thwI JhERNS pataindtdts 182 RIS YorePBRE) BRHuated only if
any 03|t|on outside of the filtered tine w ndows is

thﬁlf\ﬁmpéltwet faillp belpwsare hpmgpﬁat@imsglﬁcueé alypstmh@ Sofch ttheesholds can be
sél&‘?&lt :félj e‘?{q?iﬂeg g Ibe ??5 %rEalrrlT%u?t epléc' S%% s ttIh% ﬁx%eézlteélr%qmeer agnphtude or

noil s
at]aléer’a[rﬁfrﬁﬁiorﬁlbﬂlhwtthﬁtnakimmm lBhatine] pgameretler arpliuder a certain

atte at all outside of the filtered tine wi ndows
frggondelo hedpel BeFRpiaarer (RMS) of thee hanig! Prametere 112 taken across

all frlaﬁl%@fés tSlﬁﬁlané&Hﬁ es, Sidaek agﬁghgtg%cﬁmggﬁit i S\Iéci}%i}lg, can also

reducti on paraneter 114 are posSsSi
béfosedemdgbmnmgetmmca@ redukioni pavapetesnbi4 tes b pplieth within the

uch f at t ers 112 are
b i wtr Bl s oRs R o RITE GG O R Aol gpld be et
toadiffeRt ARk iMi&Cald Betsiia el e BasRd Bhe WARIER 'Iﬁ“iﬁee exemplary
paraneter SNR, or the channel é)ararreters 112 can

erabpdimente hpse seating facsers gisraysef fo @ pred rammiwqme faI | s

bel o I
e oA By BBEL RRELALE Y B hd RS RO oyt 114 wi
theectianhal parhinbele 18baw egehaateemeeﬁ@deln edtERatanEli thdtl@eficts the

t.a cert ajn fra,ti on bel ow t he maxi mum channel
Fifing il op Siee! BpITecsE” 40 4nd &ra eURITA B WBRIGDEI5 dhe channel
e O e B ffpic Y(R)ie 2pphIPYf I b IR BEGH 101 10
rr@uohzea@lea;gmabprncaseeram e3NRofthe tompsisated |ret@1veda;rgml ]s(t)ﬁ before

used in the noi se reduction paraneters
fu{t?‘ﬁrlfrfi’c%sémg tﬁ%a%faﬁ"ﬁﬂ?tﬂf the filtered time wi ndows. In
generm. 2 is@bl%@l@'did}ﬂarﬁ Af bR exé&fiplhRecHaRh&shalyded ﬁ)@elAs discussed
woul d be set to different val ues inside and outside of
ahowe. the channghanal yast Wph awybe implepisatedyin i fiequency domam or in the
tlrﬁg?gfeiilg{}le ﬁ[qougﬁ ?ﬁe re§§o%|sé ﬂ%Xa%ﬁe%rlg tﬁ\ef gqt?e%tcy tdgmaln ?‘gr eXample
the Fast Fourier Transform (FFT), inverse FFT (IFFT), and the reverse equalization

functions discussed with reference to FIG. 2 can be combined into a time domain
implementation that performs calculations in the time domain rather than the frequency
domain. In many situations, however, the computational tasks performed by a processor
using a frequency domain implementation are less demanding than the computational
tasks required in a time domain implementation.

The received signal 102 is transformed from a time domain representation to a

frequency domain representation by a FFT pfocessor 202. A frequency domain reverse
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[ 0020] A paraneter processor 116 conbi nes the noise

reduction paraneters 114 with the channel paraneters
walid7pesigener at e t he channel estimate 104 that P€PUB®04/634369

the filtering of the signal path processor 110 and the

equal i zation functions of th& channel analyzer 108.

The channel estimate 104 is applied by the channe

FES HretO s Sl il PGB ERE g Aolighd0 b Secivea
sifhil ttb edetepimieetsi dignil gaienderodal aherevdrdedalizhten Rinction is

Is a block diagram of an exenplary channel analyzer )
basgd, at AeasHp sy kapwy signalfacton antha moiss 4a5o% Wheysrepiegented in

ek | et eguency. dogmin Or | he t.
RLLTETTDEER, B S IR ol A ind . Ul of
cédmieiqatsnc pf dbersknowrFaignak daqpore and hae Rasite Fatod. eln the exemplary

Tr ansf or FFT), inverse FFT (IFFT and the reverse
e’@h?fﬂ?’ieﬁtamegﬁvqr cquaBrRLion;fupgliondsieqial 19° r ef er ence t o

FIG 2.8 be conmbined into a tine domain
i npl Twe;;@%&-'gon that perfornms calculations in the (ine
domal¥()at|Ner than the frequency domain. In many

situations, however, the conputational tasks perforned
by awpeisckdbois thei grgnplext cenjugaie yof dberdinawinngibeateint tae i foagquency
| es di t t he aput at j.onal .t asks .

fafin; 808 ORI b bRy AR 5P B bncRifea |05 pmertp consivy
AresméingBd tisd lgnddn digRali factor Akt equiee of feNbAolutd®ald® BRtHR known
representation to a frequency donmain representation by
signgk @y aﬁp%]@gé)&freggggcy@n tsreisfchpcian fsathg square of the absolute value
of BCEsERBRhHiZE r/?l%% PRk | S8 matell SHEE265) g@,l b3 eOR function of
function to the frequency donmal n recelved signhal to
fragiteseyriim eommh ssitohtonse N o p aoestantsinlthe . exEhplare \eartodiment. In the

e}%% | Iyzg?rg)lr? r}negrggﬁgtis %gﬁtt%glg ggeéi (}anta 8% q@%%etnlcgs inosnucéa:essively
dSTRRTeRED Bt | §ynidtds favRAUL YeYiod O diffdiéhcE €BEKREN successively
equal i zati on function includes an inverse of a

deraedilated ipdlat symbple snelsnlaedpad thaRMS ahdha Miffaeicsevalues is
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AR vt s B SRR vt S ey ot time
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The known signal 208 is a function of frequency and includes any combination
of a priori signals stored in memory, such as pilot signals 210, and received signals 212
that are determined after reception by the receiver 214. Since the known signal is
represented in the frequency domain when processed by the reverse equalizer 204, the
pilot signal 210 is either stored as a frequency domain representation or is transformed
to the frequency domain. The pilot signal representation reflects the pilot sequence as
well as the spectrum representation of pulse shape.

A signal that is received and demodulated is modulated and processed in
accordance with the techniques used in the base station to recreate the estimated

transmitted signal corresponding to the received signal. A signal re-creator 216
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of the estimated noise. Although the estimted noise

206, N, may be a function of frequency in sone
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sRETh iR Ao el e fivdd SR S, Bltglel brogsosing by the
recgfdrect s the pil ot sequence as well as the spectrum
representation of pul se shape. [Q024] A signal that js
receiied ahd Heslodinesane #fia rriaeteni PIh persswy 11Q- The
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station to recreate the estimated transmtte i gna
1020 depandplagy tmbodiment tle seedthsi Draprocesesi theacoming signal 102

. re-creator 2l6nodul ates reads,. scr es .an

inghe ey L b AR T TR A SEh D203 fghstormed from the

tith€ GOMafi@Shé RebRcPASMaf! @td PAT hRocBQRL 302 TR searcher 118 uses a
estimated transmtied signal 218. The estinated

paddedh PPt tedeferdegmigiial 29 peiferne oreparvelution én theefrpquegor dejpain. The
mai n, b BET..proce . f or pRl i cati |1
R TR 16 BEhGPECSoRIRGe2EP P LR ibh AL b o o
re@€i8er {yoRAbhasddnen eihey éiftédvdrkiencafeanpiler sigrirbediver at the receiver
t he channel _anal yzer 108 applies a reverse _equalizer
sylet tAbaxanle of pime deraqipsrrighed dnaindpsraeqiricdaint het epyrelates the

friy e‘nafxt%gl‘i’eah{e] BreCO0R ﬁ?mggl(“iﬂ{geﬁkﬁaloéom tltﬁg ?ﬁ&cﬁ:‘-ﬂﬂ@ém noise

inIES
TVi 4 t known sig squar ed

divi
(PN) sequence of the pilot channel (CPICH). The pilot signal transmitted from the base

station arrives at the searcher as time shifted versions of the original pilot signal. The
searcher 118 determines the energy level and relative time offset of a plurality of time
shifted signals to identify signal paths from the base station to the receiver system. A
multiplication of two signals in the frequency domain results in a cyclic convolution in
the time domain. In order to minimize errors in processing reference pilot signals with
pilot sequences longer than the block lengths, the reference pilot signal is padded to
allow a cyclic convolution in the frequency domain. In the exemplary embodiment, a
prefix and a suffix are added to the pilot sequence. A suitable suffix and prefix includes

zero padding the pilot sequence at the beginning and end of the pilot sequence.
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noi se estimate squared. Accordingly, the reverse
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processor
response to whether the channel parameter falls within the filtered tlme windows or

within the transmission windows.

In the exemplary embodiment, maximum delay filtered windows 422 are applied
outside of a maximum delay transmission window 420 in order to reduce noise at delays
significantly far from the identified signal paths 402, 404, 406. A suitable maximum
delay transmission window 420 extends from -4 chips to +20 chips for a system
operating in accordance with CDMA2000 protocols. The maximum delay filtered

windows 422 extend from the maximum delay transmission window 420 and reduce
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representations of the signal paths 120 are applied by

the windowing filter 122 in the tinme domain to
waledognpsine t he appropriate filtered wi ndows. [PBOR8$2006/034369

FIG 4 is an illustration of the identified signal

pat hs 402, 404 and 406 withitoa tinme spectrum 400.

Al t hough FIG 4 shows three signal paths 402, 404 and
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cipita(SI€y.s 114 that result in the flltered time
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kidwit §684 thidP £
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freqrenoe | dossin,mist epdl®d too thee nrmovmngnmcmm tsigmel. viinnthewexemplary
.aprol anot.her .l eyel enuation. Wthin

el?lgao/fH Z‘Teorﬁcwmyifd%utﬁl%{%d 414, however, the

channel KS§ i mate 104 can be set to be the sane as the

corr channel parameters 112, otl)ot her

appr dbtMlat-#Vy sel ected attenuati on may be applied. The

rel ati onship between the channel paraneters 112 and
chaniethe &gpensy slomgin. iThe geise estimatd, Mt magdst2 fprationaif Ifyequency
[ whet her the channel paraneter falls
lnsgg{?%%%?ﬁéﬁpéﬁ%ter ed time windows or within the

t r anAmisepi 504, wioidoeuctiof 20 mdibrst &6 @neridaMWhen applied by the
enbodi nent, maxi num delay filtered w ndows 422 are

PAPBFICRBOGERSST- dee %(flseareﬁ'asawaa%q@y TeSUHE mnsesﬁﬂéme«mvﬁuﬂ&ws that
at]ﬂgé%t &Tlgflg Sfterte tﬁg tﬁﬁn?tters%{wlﬂylj@é Q’%&{NQ 3 gw IK) signal

rom he 1 dent| gna pat
pathd havielbeemidentified. dmﬂarysxemphsymmbommm mhh)fmltgtecﬂ)tmmtvgmdms are

from -4 chi to +20 chij or. a syst ng.in .
oSBT BB R GSREBOBE ST BEE0E WirHEv R A detcayindows
arblcktaBlidd 3.5 chips before to 3.5 chips after the time delay of the identified signal

path. After a searcher identifies the path time offsets 120, a windowing filter 122
determines locations and sizes of the time windows. The method described with
reference to FIG. 6 below provides an example of a suitable technique for determining
the path time offsets 120.

At step 506, the noise reduction parameters and channel parameters are
combined to fomflf the channel estimate. When applied by a channel compensator such
as DFE or linear equalizer, the channel estimate minimizes the effects of the wireless
communication channel and reduces noise by minimizing the contribution of signals

within time delays that are not likely to include signal paths.
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w ndows 422 extend fromthe maxi num del ay transm ssion

wi ndow 420 and reducenoise in regions where it is
wheghiogsioml i kel y that a signal path exists. Al PCDU§N06/034369

del ays of 16 chips for CDVA2000 systens may be
“sTHT T i-€anht Ty Tong to avoid,filtering signal paths, an
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where a first arriving signal may not have been
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step 504, noise reduction paraneters are generated.
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MARBELYT AT 18 384 e Ol e i
delags enetearsed i ddmeacitdumstancesdows where no signal paths
have been jdentified. |n the exenpl enbodi t, the.
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patASINBE N (RS ekERPRA SHbOMmh ) IRNEh MY FarkiiGtets! I determined by
W ndows are establ’ished 3.5 chips before to 3.5 chips
theadhtapnel ehayrari®8 deg appliod ta the deldanin the deheslogasad. pat h.

After sear cher .identi.fi.es th ' S ; .
 witaBRel, feroise 1D Neaf B fied th dnd MO R Rad i, s
de@fminB@ 14 b&everh 1 obbede it the thaslaRtdyi spechdwriiiow. Accordingly,
reference to Fl 6 bel ow provi des an exanple of a
thes ypvestice RAEN PR fidr delerBgd nitely &heWhsie h & j ige greater than
35] At step 506, the noise reduction
paraimet ers and channel paraneters are conmbined to form
t he AthepredR, B4t imtdleed Whemo dppiG)ed by a channel

Conp/ﬁnsstg[t) oélOS %JtCth determined whether d is less than the maximum delay

(MAX_DELAY_SPREAD). If d is less than the maximum delay, the method continues
at step 612. Otherwise, the method returns to step 604 to receive new time domain
channel estimates for each d.

At step 612, the square of the absolute value of the time domain channel
estimate (JH(A)[) for d is compared to the noise estimate, N, If [H(d)]* < N, the method
continues at step 614. Otherwise, the method continues at step 616.

At step 614, the threshold for d is increased and at step 616, the threshold for d
is decreased. In the exemplary embodiment, T(d) is set equal to (1-a)T(d) —a (T_INIT) -
T_INIT at step 616 and to (1-a)T(d) + a (T;]NH‘) + T_INIT at step 614, where a is filter

parameter constant between 0 and 1. The constant, a, is selected as compromise between
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as DFE or linear equalizer, the channel estimte

m nimzes the effects of the wirel ess conmunication
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contribution of signals wthin tinme delays that are

not likely to include signalijpaths.[0036] FIG 6 is a
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decremed.mum del ay ( MAX_DELAY_SPREAD). The maxi num del ay
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t hat 2% sgquﬁ%p tEA %{ugr,@, of gh a‘%@ !1?} Véfl]l}ise Bt)zl?eglﬁmg Sp%am channel
e AL (ALOE) Wrid 1sQFM9pa¥&PQ) thM%HrEQEél&\ Y dSCRENDH §1 é& > ), the

16 or m)re chip In systens operating in accordance
mgfhiod aaBivies W@p}@zﬁ @pREAde@rmmedtto A galid stameb path offset.

R, P50 TR0 SRS 00 R ELBURGERT By an i

s@ﬂﬁqjatmdfﬂ;annel estl rratl on, H(d), is received for each

signal path delay. In the exenp] ari/, enbodi nent, the
chanﬁéﬁtebﬁg‘bﬁéﬁé?%e@qfée‘ﬁéi’ér(%—rﬂe‘d y the channel

i i s
repsdsemed adingl ayt ln€ = weriplyaoly ddfdradi tﬂ:'ehlto,loglbs and techniques. For

deternm ned to he average out3|d t he X )
CHENELS S IR Ao O ARG G TGO R4 i il and chips
tfﬁ@%ﬁigEnL;éA Y&géé%{caa NGl gﬁbutd theMISs R gedcﬁpﬂ&?%z%f bEhﬁ:?resented by

40] At step 608, Dis initialized
volwgze rccn@@s;elmtronpa@@mlq WAYESs n@gn@moﬁerlds pispatticles,miptied fields or
e her £s8s he maxi mum del ay ( MAXJDELAY

an O 1na n MaRor
lﬁ)r Y? 18 M Phan the maxi num del ay, the
mst h@Hose061 Ismuefwoatd $ireier Gabprecldidh el the, vdrioas Nbudiegive logical

kg{qu L&Zg@gq, gqtnrecg]atg g iaﬁ Oalrggrcit?llrry este?)(g Wdéslcrrlrl:?edd ?rgra éorr]mgcht%?ln Wllth the
embodiments disclosed herein may be implemented as electronic hardware, computer
software, or combinations of both. To clearly illustrate this interchangeability of
hardware and software, various illustrative components, blocks, modules, circuits, and
steps have been described above generally in terms of their functionality. Whether such
functionality is implemented as hardware or software depends upon the particular
application and design constraints imposed on the overall system. Skilled artisans may
implement the described functionality in varying ways for each particular application,
but such implementation decisions should not be interpreted as causing a departure from
the scope of the present invention.

The various illustrative logical blocks, modules, and circuits described in

connection with the embodiments disclosed herein may be implemented or performed
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f ur t Hesr prappreddsatiptianefithe fisclpagd enlodimenis isrpioyided to enable any
| ogi bl gck o Ik S | gQLi
P Cs?(ilalLeg 40 i%ﬁe %%ng@g#% §§ I’lSV% tiu% %%%&séf?t 1n\§ler111%0ﬂ %bﬁ@ﬁoﬁ}fﬁgﬁons to
these embodiments will be readily apparent to those skilled in the art, and the generic

principles defined herein may be applied to other embodiments without departing from
the spirit or scope of the invention. Thus, the present invention is not intended to be
limited to the embodiments shown herein but is to be accorded the widest scope

consistent with the principles and novel features disclosed herein.



enbodi nents di scl osed herein may be inplenented as
el ectroni c hardware, conputer software, or
wa@ ooniozsadé ons of both. To clearly illustrate tPCBHUS2006/034369
i nterchangeability of hardware and software, various
illustrative conponents, blqgks, nodules, circuits,
and steps have been descri bed above generally in terns
of their functionality. Wether such functionality is
i npl enented as hardware or software depends upon the
particul ar application ang %ﬂgﬁgn constraints inposed
on the overall system SKIP ed artisans may i npl enent
Whinds defmed 8ed functionality in varying ways for each
particul ar application, but such inplenentation
deci si ons should not be interpreted as causing a
1. depng IcHEfhel EMhABL FRCRREmMing RRarifeE 8@ 1Hhaté @Hﬁﬂie'téi‘@ indicative of
[0048] The various illustrative |ogical blocks,
chamdiglistics afica cvirdesst sommynichti ahanmednbrsed i an awaopivefl esignal
co%g)n?ﬁ?sgr:gﬁ SWCWP r%laﬁﬁl dgrsef pagggé{ pr?og%eleg}énglm%ﬂé g‘ﬂaﬁ) el , estimator
cogfigial t@ﬁ%ﬂ? 6 @i 1eE¥PId sigdhl apReduenty esmsin @@réﬂeﬁtatlon inverse of
|ntegrate circuit (ASIC), a _field progranmable gate
a gymbigation )kn@rvvncsrgr@} fagion g5 afpeHra OF Er@frlten@éer%nowe factor.
di screte gate or transistor |ogic, discrete hardware
conmponents, or any conbination thereof designed to
2.per f Archanred eftimatbr tnaccolaned Wkl cheemel, whefeiy éeechainnel estimator
. RUr.pose processor be a m.cr but jn the. .
is Bt R geS Fngboby b fees matag7BEh B EER Hrbiie I cobination
inP4 Ql@ﬁr%ﬁﬁrﬁtorcﬁnﬁ riRlqh&icy ﬂﬂrﬁﬁﬁcﬁgfd's&{tbtﬁfn oPkheStVeRe equalization
machi ne. A processor may al so be inplenmented as a
fupgirdni nati on of conputing devices, e.g., a conbination
of a DSP and a m croprocessor, a pIuraIity of
M croprocessors, one Or nore m croprocessors in
3.CcoNj Arbhhfe evtirhitoRinRRCokiafic, with chiy ) tWiereirs thehfrequency domain
configuration. [0049] The steps. of. a nmethod or
repres@tt AT dha v pisediequalisaiondeRdtion ineqr e embodi nent s
di )osed hereln may be enbodied directly in hardware,
Kﬁg)ﬂl@ tBX @OHipBsk Bynjagsie OSFEHROknOWH sighadl in the
MQ@hqu tron of the two. A softmare modul e may resr%g
in RAM nenory, flash nenory, ROM nenory, EPROM nenory,
frécpeROMiorrainay 2 fuegios béfrequenay andiNsk an astimeaied/adibe di sk,
a CD-ROM or any other form of storage nedi um known in
the art. An exenplary storage nediumis coupled to the
4.Pr OCKSEHAAnS Ushndalt? iRrR668aRe waR dAad3] #haemPN R function of
from and wite information to, the storage medium In
- freqwenel-t er nati ve, the storage nmedium may be integral to
t he

5. A channel estimator in accordance with claim 3, wherein N is a constant.

6. A channel estimator in accordance with claim 1, wherein the combination of the
known signal factor as a function of frequency and the noise factor appears in a

denominator of a frequency domain representation of the reverse equalizer function.

7. A channel estimator in accordance with claim 6, wherein the combination is

equal to a sum of the known signal squared and the noise estimate squared.



processor. The processor and the storage nmedi um nmay
reside in an ASIC. The ASIC may reside in a user
wo esomiozsabo I n the alternative, the processor apdI/UR®06/034369
storage nedium may reside as discrete conponents in a
user termnal. [0050] The pregvi ous description of the
di scl osed enbodi nents is provided to enabl e any person
skilled in the art to make or use the_present .
8.i nvehichamnel \patimeies inowceidangel BB aim HedwWesindhe heawg signal
w1l _ be . | apparent to those skilled in the art,
Coénﬁgs?ﬁwaeplgogggﬁ%l'pri nci pl es defined herein may be
applied to other enbodi nents w thout departing from
the spirit _or scope of the invention. -Thus, .th .
9. pr edbrehanng) SSHMEHPTI 18 3rgerdangee WG Fe WLiTel‘i‘?lP etge fgopResignal
fuﬁﬂ%‘%@ BLsS, RERWR ARSI el WenhBbdsd B a PREAERBLetdfed signal.
w dest "scope consistent wth the principles and novel
features disclosed herein. CLAIMS Wat is clained is:

1. [ .. i mat d 1 N h [. .
1055 (NP ETBLFATAETE IR 0ar UL P PChAT R SPREHFBE of o
W I 6] Bt FoRRRUMaGstbhA mﬁﬂ@@éss&ﬂ&ﬁﬂigﬁfbd&ort%ﬁomdhe received

_;Tig?nal conprising a known transmtted signal and a
signsl fremsd @ma domeinetogHzgavencyedomaiita®e confi gured to
appl t he i i . Y, '
B e
dasnagimadecdioed Gigrad by fthacfréqenof doneduerpsesenation movese of the
factor. 2. channel estimatqr in accordance w.th .
copRgROR of sk e B e TostiPY BRASSCY apd Hghoise factor.
configured to apply a reverse equalization function
i ncluding the conbination in a denom nator of a _
1¥.r ey eheyned mastiinator éprassendangei with glaimh 0, wheseigethe known signal

equal,i zati on, funct.ion. 3. .A channel .estinmator .in. .
FaiOE B R R Py comppiRRE Smhiof ipafe Fisfiitadh dofhains

representation of the reversed equalization function

Is equal to: , where K*(f) is the conplex conjugate of .

13- he 4ribanned;egtisiatar intaseodpreguwith lawnhl nwhereln thgenom@nsignal
f L . S _
ol AR O 0y 5 AR G miangliousy

rebeined digmmlof frequency. 5. A channel estimator in
accordance with claim3, wherein Nis a constant. 6. A
channel estimator in accordance with claim 1, wherein

13.he gopRinat fRNeferdifh® a channel estimate for application by a channel

compensator, the method comprising:

determining channel estimate parameters indicative of characteristics of a
wireless communication channel based on a received signal comprising a known
transmitted signal and a noise signal, by applying, to the received signal, a frequency
domain representation inverse of a combination of a known signal factor as a function

of frequency and a noise factor.

14, A method in accordance with claim 13, wherein the determining comprises
applying a reverse equalization function including the combination in a denominator of

a frequency domain representation of the reverse equalization function.



known signal factor as a function of frequency and the

noi se factor appears in a denom nator of a frequency
waloosaiozsip@pr esent ati on of the reverse equal i ZzePCT/US2006/034369

function. 7. A channel estimator in accordance with

claim6, wherein the conbingtion is equal to a sum of

t he known signal squared and the noi se estimte

squared. 8. A channel estimator in accordance with
15¢| aifmmethothdneperordpack nwith  elpigh al4: chpfeins die Hrequepgy domain

chan dance with
B s e T RS e SO

r@t‘(qc)eat ed transmtted signal based on a ﬁrew ously

vaiegghd{ (D 15. tha epraples| candugaipaobrt @riﬂw@orstgaﬁlc@ the

IKWNtﬁ“ﬂlaln11 further conprising: a Fast Fourier

Transforn1(FEg% groc%§§or confiqured tq trgnsforn1the
freflagnsy deman) a5 faiun IRGUERCY e 1 AFSHMRleEd\OLey
domai n; and a frequency domain reverse equal i zer
conflgured to multiply the frequency domain received
16si grametipdtiheacdordagoe wath crimel i whersireNdn & furictian of fregusacy .
of the conbi nati on of the known signal factor as a
function of frequency and the noise factor. 11. A
17¢hanngkieatih Bedoadant® wahGO4 IS evhetelINGS aiconstéht. wher ei n
t he known signal factor is based on a known signha
conprising a pilot in the frequency donain. 12. A
1 SC h a']aE Slettfodt ﬁl%&?lrdaﬁ& AR UAANCE Wekdin g{eakﬂﬁvarils whelogilises a
nown si rises a récreate transn1 ed
fﬁqugmﬁdmﬁmﬁpmﬁkqgmhency domai n based on a preV|oust
received signal. 13. A nethod for generating a channe
estimate for application by a channel conpensator, the
19Tet O eh S Rk SYandEelvh M dHnNGs, GRS khSRidWiRE@nal comprises a
paraneters indicative of characteristics of a wireless
regoatedirimssatifteshsighed wasbspivadiog ton peevianski reesdvest yeral
conprising a known transmtted signal and a noise
signal, by applying, to the received signal, a
200 I equlgiaN p@ﬂf?bﬂesﬁ&pﬂbe geiratngQidiseRY@IcEn @ﬁraﬁleters for application
combi nati on a known signal factaqor as a function, of
tofchangakpregmelnts of arrbpare] palnye. the iznal PAEY BIBEPSPer comprising:
accor dange, % u%cf’”tdq(feﬁu Eﬁﬁ U&I Hs"Gofied %?Hgnﬁﬁ'tteﬂ to the s1gnal
conpri ses app a reve se equal 1 zation fTunction
pattnplotetsdrg atidhe corrbl nation in a denomi nator of a
frequency do n resentation of. the reverse
e VIOMHE U ORBRLIES © Rk oist FAuEEy BanogieR Pps when
appliéd B #b cHBREIC) Rarth&iBrsl 2 WASNEMiAIB Btdhuate the channel parameters

within filtered time windows between the time delays of the identified signal paths.

21. A signal path processor in accordance with claim 20, wherein the noise

reduction parameters result in a zero channel estimate within the filtered time windows.

22. A signal path processor in accordance with claim 20, wherein the filtered time
windows are applied between transmission time windows centered at the time delays of

the identified signal paths.

23. A signal path processor in accordance with claim 22, wherein the transmission

time windows have a length of 7 chips.



representation of the reversed equalization function
is equal to: where K (f) is the conplex conjugate of
wo b@7kesaom signal in the frequency donmai n as aP€T/NS100€084369
of frequency and N is an estinmated noise. 16. A nethod
in accordance with claim15,3mherein Nis a function
of frequency. 17. A nethod in accordance with claim
15, wherein Nis a constant. 18. A nethod in
accordance with claim15, wherein the known signal
CO
246 STPA SRR Bk pRGUSBE oRAR Al ARYR) ok tonrcing
si gneaFast diopriesEsngforme (FEE) prbcessansonifigued toi tgpmaform the received

esponpdi to a previous (i received signal. 20. A
Sl@%ﬁﬁﬁ%ﬂ@ﬁﬁg s‘f‘gf?e‘i“S’Pcyg 3t i ng noi se reduction
par &HBts@z[rféth%b?@H@ i %&h@i@yk@n&hﬁﬁﬂ&' si@Rl BMRleSfsyuehicyRdomain

channel estinma t he Si path processor
re@%mﬁalgwgo g@e@é@frmwgﬂmwwgml pahy;deéti fy signal
Pat g R R ABRTLGE chifebli B BAroRA! (PTRGEIRO" domain
and a W ndow n ter con |ggure t'0 generate noi se
idéemaitiedt sighal pattanet géme ddiadin idbeifiedpdgnat datte fobepredeasinglby the
rapeters, at least partially attenuate the channel
WﬁS‘gP‘é(H@t {0 within filtered time wndows between the
time delays of the identified signal paths. 21. A
signal path processor in accordance with claim 20,
25nher 8i sigitah gathopoeessed it bcamndgpae amitht elagn r2ds whterdinm the frequency
anne esti.mate within the filtered tine

dWEHHBagtSl% CHRB{Yiral path processor in accordance

W t ha ft@icAt Y @omii&eRidh éfepdddbd pli@@ignae Wi ndows are
appl i ed between transm ssion tinme wi ndows centered at

the tine delays of the identified signal paths. 23. A
261 9NAl réht%LEatF Po&eRstRh in a@ccf}ﬁ&%% C8aith 29 Ghile &1% £inaddsd pilot

wher'e ansmssion tirnme wndows have a
s@naﬂ:bd)mpm&sﬁ A signal path processor in accor dance Wi th

claim?20, further conprising: a Fast Fourier Transform

(FFTi)P L SEIEBER: aconf | gured to transformthe received

si gna rehs;@@abﬁ{sé 15@01@%@ ﬂottsgc)]’@egfté gggency donain; the

searcher a a uenc omal n pil ot S|gnal to

t he éméﬁ&@upyndnﬁﬁnﬂnﬂpkmsmpﬁn&:gnal to generate
frequency domain signal paths; and an inverse FFT
processor configured to transformthe frequency domain

27. A signal path processor in accordance with claim 26, wherein the prefix
sequence comprises a plurality of zero bits and the suffix sequence comprises a plurality

of zero bits.

28. A method of generating noise reduction parameters for application to channel
parameters of a channe] estimate, the method comprising:

identifying a plurality of signal paths from a transmitter to a receiver, each signal
paths having a time delay relative to a reference;

generating the noise parameters that, when applied to the channel parameters, at
least partially attenuate the channel parameters within filtered time windows between

the time delays of the identified signal paths.



identified signal paths to tinme domain identified

signal paths for processing by the window ng filter.
wQ@o7meagnal path processor in accordance w t PCT/IUS2006/034369

24, wherein the frequency domain pilot signal

conprises: a frequency domayg version of a padded

pilot signal. 26. A signal path processor

accor dance with claim25, wherein the added i 1ot

9si ghamethndon a@@érdareepwlbﬁla% dfienbereingthg neréfrPdalctlon parameters

G n Suf fix

resz‘ggﬂg%gg’ %?ngél%%rggtgl h?ﬁ glégﬁ%nce %m %VSI gnal path

processor in accordance with claim 26, V\,her ein the

refix sequence co ri ses.a I|t er blts a
3¢ he A eth @e%fﬁ%'ﬁ]@ Bl %@25% et 917? FRGWin Kus are

@&écﬁbet%écn EadBERRS ®he %Wtdeﬁerézpatffee {186 ¥6Ialy OBf the identified
araneters for appl I cati on to channel par aneters of a

signhbpatled. estimate, the nethod conprising: identifying a
plurality of signal paths froma transmtter to a
recei ver, each signal paths having a tine del ay

311 el & inethddindact@tigicenFig clgmn 80 akhégint the tiafdbi€sion time windows
paraneters that, when applied to the channel

ha&aéﬁ%ﬂ‘e@fﬁ chips.| east partially attenuate the channel
paraneters within filtered time wi ndows between the
time delays of the identified signal paths.29. A

32mret. o eheithivdaia @ocaatdance withtdhainl 28, furfiéer codnprishg t he noi se

reducti on nmeters.res in.a zero.chan estimat e
i 1 s e e od FERah i e Gt KRR domath:

accopgpite aV\frEtheﬁé}aﬁmngﬁl pihesighd t‘bhﬁlefﬂré Bhed dbhﬁﬁl received

wi ndows are applied between transm ssion 1ine w ndows
signehtoegendratet fredvency dnsnaje sigpsl pathst hed | dent ified signal

wner et MR BB R R Sefiy by & e omain

1d&1tﬁi&d@ﬁgnaﬁ§ath$bdfa%igederamnme abldapeamatdrf) cl ai m 28,
further conprising: transformng the received signal
froma tine donmain to a frequency domai n;

33. A method in accordance with claim 32, wherein the applying the frequency
domain pilot signal comprises:

applying a frequency domain version of a padded pilot signal.

34. A method in accordance with claim 33, wherein the padded pilot signal
comprises:

a pilot signal sequence; a

a prefix sequence before the pilot sequence; and

a suffix sequence after the pilot sequence.

35. A method in accordance with claim 34, wherein the prefix sequence comprises a

plurality of zero bits and the suffix sequence comprises a plurality of zero bits.

36. A channel estimator for gemerating a channel estimate based on channel

parameters and noise reduction parameters and for application by a channel



appl ying a frequency domain pilot signal to the

frequency domain received signal to generate frequency
waloovaiozs186 gnal pat hs; and transform ng the frepCEN83006/034369

domain identified signal paths to tine domain

identified signal paths befofge generating the noise

paraneters. 33. A nethod in accordance with clai m 32,

wherein the applyjing the fre uen domai n pil ot signal

CEREPEIeR L ags%lxﬁdnag%al PR rapapdied sigrl énd a noise
m%@ﬂqggcﬂéﬂngfeﬁhmlcom%ﬁsm m:"t hOd in accordance with

| ai m 33, wherein the padded pilot signal conprises: a
pi | 02 chagehlanslygereséigurdatopdatéining eharernt pabefare mchm‘uve of

equence; .and a suffix s uence ter, the
cHBegs BT 58 Wil S, B e W SR Lo05, P rcforiape Slenal and
corfigtiRidno apflyPlotthé ¥ecsiREH SBRA, £ BBRIENS P Jomall repRbdriticfinverse of
zero bits and the suffix sequence conprises a

a prmobiaptieny ol knarosignal fact@es aAurdigneé freguercirand g noise factor;
ge”e£ %{ggﬁﬂpﬁh O&%‘E‘é&?& c%%¥ ﬁ‘i%h% b%ﬁ&gteo 189 ?&ng ion parameters for

rs*and noi se re CthI’] araneters an

amﬂlphtldiﬂblthmd’immel Ehannek chepighagiats prodessor c&ﬁ@ﬂsﬁ@
signal conprising a known trangﬁﬁtted S|gnal and

noi se si ghaPArchereFoRRgHRE | ddanfipppigPalcRAiRY oy tragsmitter to the
RA@l préfatoZ s configured to determ ne channel

par arret ers indicative of characteristics of a wireless

conmuni cat iveindewmgnilterbenméigured tohgencsteinped rsigrimn pargineters

th]aﬁ \{Q‘Iﬁ%\ur e‘ﬂ&%?fﬁ%ﬁg ﬁ?ﬂng]g 8%{?1%)?{6%%: %:tx d} ?%g]g.ﬂly gttt%nuate the channel

pEoAbletalitiin fifercd tﬁﬁﬂ@%h@b@%@iwefeﬁ@lﬁ@ﬁm@%ie&yﬁ oNGE li@mtiabd signal
frequency and a noise factor; a signal path processor

P%%mflgured to generate noi se reduction paraneters for
application to the channel paraneters, the signal path
processor conprising: a searcher configured to

37.denAi d‘hylnmél @st@natoa ihscchrdanceawith @t 36, evhetedn theectmhgsl @halyzer

0Gess d a wi ndow filter confiqgured to .
lsgf Q@r BliggRd o pRRly etrwﬁﬁsepwaﬂ%%? dunafign e Asprangynation
int @ deh6mulyedtnet a PRERBELE BSmaid! rek:ﬁ%éﬁtatﬁ’(ﬁ{ toF %ﬁlz ¥everse e%glhzatlon

attenuate the channel paranete s wthin filtered
functiciows bet ween the tinme delays of the identified

si gnal
38. A channel estimator in accordance with claim 37, wherein the frequency domain
representation of the reversed equalization function is equal to:

K*(f) * oo . . .

—————, where K (f) is the complex conjugate of the known signal in the
K +IM

frequency domain as a function of frequency and N is an estimated noise.

39. A channel estimator in accordance with claim 38, wherein N is a function of

frequency.

40. A channel estimator in accordance with claim 38, wherein N is a constant.



pat hs. 37. A channel estimator in accordance with

cl aim 36, wherein the channel analyzer is further
wa@omfizioggined to apply a reverse equalization fuPCI/US2006/034369

i ncluding the conbination in a denom nator of a

frequency domai n representatjoon of the reverse

equal i zati on function. 38. A channel estimator in

ccordance with claim37, wherein the_frequen domai n.
4T o pr ST ST I ECRBREE ST AlR P Za PR R HkqPination of
the knBWHadigrla® Fadfox A a function ISR hd tie AdiSe ERR! HPears in a

conjugate of the known signal 1n the frequency donmain
degeminateiradta ferguency dapaie mpyesenigtion phthg pevesse agapkger function.

noi se. 39. A channel estimator in accordance wth

claim 38, wherein Nis a function of frequency. 40. A

4Z; hanA&dhaisd] iedBinafor iifl adccr@indangieh Watrh 44| b3S thawb@fisihftion is
N js a constant.41. A channel estinmator in accordance

eqnpt 19 acYugn oh 1By ke sienal saRwed anbihsA0Iss S SEnaleiguaAdwn
signal factor as a function of frequency and the noise
factor appears in a denom nator of a frequency domain
4%.epr Asdmahed] | stimafortineaccendenceewdh uddinz 42, Wheetn dre. knb2in signal
A channel estimtor in accordance with claim 41,
ng?ﬁpil?\te&‘@ ination is equal to a sumof the known
signal squared and the noise estimte squared. 43. A
channel estimator in accordance with claim42, wherein
44.he fArdapndiegHatata dapacceidancs yith glaish4snwhereny thepknown signal
, . : . L ai m 4 er ein
R
transm tted signal based on a previously received
ign‘&l. 45. A.channel estimator in accordance with
43 a opnngl |gatigAloR h%@cv&féﬂng;ez Stiths i a7 g RhAmng gpalyzer further
cdigiisifgouri er Transform (FFT) processor configured to
transformthe received signal froma tine domain to a
f r equEastyFoudemiTransiann @FFT) pogessoy caidigarad toetvarsiem the received

e lizer. configured.to nmultiply the frequency domain
Sl%%igﬁo%%{IWéﬁﬁa%b{?a@ﬁ%quf’?“@'q‘ﬁfg‘gaéii’ aﬂ’gmﬂi n representation
| nveq $RqBéndyh@ominDidVaist Qutizet tBnkipR¥A 1o Mlply A Pequency
as a function of frequency and the noise factor.
domain received signal by the frequency domain representation inverse of the

combination of the known signal factor as a function of frequency and the noise factor.

46. A channel estimator in accordance with claim 45, wherein the known signal

factor is based on a known signal comprising a pilot in the frequency domain.

47. A channel estimator in accordance with claim 46, wherein the known signal
comprises a recreated transmitted signal in the frequency domain based on a previously

received signal.

48. A channel estimator in accordance with claim 36, wherein the noise reduction

parameters result in a zero channel estimate within the filtered time windows.



46. A channel estimator in accordance with claim 45,
wherein the known signal factor is based on a known

W@ k@naksieonprising a pilot in the frequency doP&li/NS204d7034369
A channel estimator in accordance with claim46,
wherei n the known signal copprises a recreated
transmtted signal in the frequency donmai n based on a

' I ceived si | . 48 h 1i pat LA
o ahamed) GRorREt 2 Bt Srth e o SR fheshd me

i i Hhdenl tndmIRion tiheiiflowe Sehtdiideat thd thing delays of
Wl?ﬁ%ﬁ%?%@ggﬁ%i meenvvi ndows. 49. A chgnnel estinmator in

theademifotdrnigmalpaths.cl ai m 36, wherein the filtered tine
wi ndows are applied between transm ssion tinme w ndows
centered at the tine delays of the identified signal
sopat hSehaaRel eAiGARM e he@sdanb@ivith dlaimal; evheeeie ehevirdnsmission time
claim?22, wherein the transm ssion tine w ndows have a
wihdowgt revefa lengéihphEchigs. A channel estimator in
accordance with claim 36, the signal path processor
further conprising: a Fast Fourier Transform (FFT)
51pr oe shainer estirgor éal acoortiarmaswih rolaime36,ethei sigakl g1aghh arocessor
froma tinme domain to a frequency domai n; the searcher
fukhas ICOMRESIBST r equency dommin pil ot signal to the

f r eQUERE Yot UFBIAnIFEGE (IVED) Stb&Rsdr doafigernrartattensfonsueneyeived
domai n signal paths; and an inverse FFT processor

signahfroguertide domaindn sfimgaenchaloma@juency domai n
identified signal path L e: Ifbpl LT i
Si gﬁg‘? S ‘ﬂﬁ aﬁ@ymgraogrg use:hgﬁh%ﬁ"ﬁé%s%g&%nn%b#ﬁqg%y domain
re@AvedAiGhaR e & fréficaty demain sipndibpaties; wid h ¢l ai m 51,

wherein the frequency domai.n pilot signal %g ri ses: _
fr ecﬂ!ﬂeWf@oﬁﬁvﬂ“nmp@?%spbﬁ°8f1g‘gega@dér&n%3pgtt i (Frqyenci «domain

i n MR §he! i QEARECE Mddal paltRl 6k Pocessing by the
1d%1tg¥é§i ér}}gllfal%g)s%ﬂgaﬁge Sicfbcl)]?&lgi gnal coS\{rr%Irai spgs: a gﬁ ot &>
whdawandtitera a prefi x sequence before the pil ot

sequence; and a suffix sequence after the pil ot
sequence.

52. A channel estimator in accordance with claim 51, wherein the frequency domain
pilot signal comprises:

a frequency domain version of a padded pilot signal.

53. A channel estimator in accordance with claim 52, wherein the padded pilot
signal comprises:

a pilot sequence; a

a prefix sequence before the pilot sequence; and

a suffix sequence after the pilot sequence.

54. A channel estimator in accordance with claim 53, wherein the prefix sequence
comprises a plurality of zero bits and the suffix sequence comprises a plurality of zero

bits.



54. A channel estimator in accordance wth claim 53,

wherein the prefix sequence conprises a plurality of
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57. A method in accordance with claim 56, wherein the frequency domain
representation of the reversed equalization function is equal to:

—ﬁz—(fl——z—, where K'(f) is the complex conjugate of the known signal in the
KO +[N

frequency domain as a function of frequency and N is an estimated noise.
58. A method in accordance with claim 57, wherein N is a function of frequency.

59. A method in accordance with claim 57, wherein N is constant.



