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number of drawbacks. One technique selects components less than the maximum guard

band or the effective maximum length for all components in the time domain. The
technique may not be reliable because the selected components may not be effective
channel impulse response (CIR) components. In addition, there may be spectral leakage
and signal distortions. Another technique uses minimum mean square error (MMSE) to
find an optimum solution. This technique is complex, requiring time-consuming
computations and may require a priori information such as signal-to-noise ration (SNR) or

channel information to find the optimum MMSE solutions.



i nvention can be practiced. [006] Figure 2 is a

diagramillustrating a conmunication unit system
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Figure 3 is a diagramillustrating a receiver

processing unit according to one enbodi nent of the

invention. [008] Figure 4 is a diagramillustrating a
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of the invention.

[0011] Figure 6 is a diagram illustrating a compensator using clustering according to one

embodiment of the invention.

[0012] Figure 7 is a diagram illustrating an example for generating cluster elements -

according to one embodiment of the invention.

[0013] Figure 8 is a diagram illustrating a compensator using inverse window function

according to one embodiment of the invention.
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[0017] An embodiment of the invention is a receiver processing unit for wireless

communications based on OFDM/OFDMA techniques. The receiver processing unit
includes a signal processing unit to process a received radio frequency (RF) signal, a
channel estimator to provide an enhanced channel estimate using the processed received RF
signal, and an equalizer to generate an equalized signal using the processed signals and the
enhanced channel estimate. The signal processing unit provides a frequency-domain
received signal. The channel estimator includes a channel impulse response (CIR)

generator to generate a time-domain windowed CIR from the frequency-domain received



addi tion, the techni que uses an adaptive threshol ding
schene to renove noi se conponents fromthe initially
wesaomeoesl channel, resulting in effective perPOT/IEI0®012619

Furthernore, the techni que does not require a priori

i nformati on such as SNR or channel information. [0018]

Figure 1 is a diagramillustrating a system 100 in

whi ch one enbodi nent of the invention can be
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data or commands. The di splay el enment 150 provides a
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etc. The input entry device 145 may include any input entry devices such as keyboard,

), menu, icons,

pointing device (e.g., stylus), mouse, etc. to allow the user to enter data or commands. The
display element 150 provides a display. It may be any type of display suitable for mobile
devices such as thin-film transistor (TFT) liquid crystal display (LCD), color super-twist
nematic (CSTN), double-layer super-twist nematic (DSTN), high-performance addressing
(HPA), or any other active or passive-matrix displays. The communication unit 160
receives and transmits data via the antennae 1250 to 125..;. The communication unit 160

provides an enhanced channel estimate in a receiver processing unit. The controller 170



controller, etc. and associ ated nenory and peri phera
devices. [0021] Figure 2 is a diagramillustrating the
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one enbodi nent of the invention. The conmunication
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[0025] Figure 3 is a diagram illustrating the receiver processing unit 210 shown in Figure 2
according to one embodiment of the invention. The receiver processing unit 210 includes a
receive signal processing unit 310, a channel estimator 330, an equalizer 340, a de-mapper
360, and a decoder 370.

[0026] The signal processing unit 310 is connected to the antenna 125. It processes the
signal received from the antenna 125 and generates a frequency-domain signal Rx. The
frequency-domain signal Rx may be a sequence of data having a length of N where Nis a

positive integer.



fromthe signal processing unit 310. The channe
estimator 330 generates an enhanced channel estimate
wakbora4dhe equal i zer 340. [0028] The equal i zer PGHOS2007/012619

generates an equalized signal Ek using the processed

signals Rk and the enhanced channel estimate uHk

provi ded by the channel estimtor 330. The equali zed

signal Ek nmay be conputed according to the follow ng

equation: where Nis the nunber of data points used in
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signal. The decodéed signal is
channelﬁﬁ@natpn@hégﬁw%‘}ﬁtzﬁé%c processor 230. [0030] Figure
4 is a diagramillustrating the receive signal i
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pﬂmeﬁgﬁ%ordlng to one enbodi nent of the invention. The
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ncl ude pre-anblfe synbol 520 or
bmuiﬁ@méhgﬁ@peeéymmél 530. The pre-anbl e symbol 520

onsists of equally spaced pilot sub-carriers e pre
[0032] The frequency dorrgam prglcess%r 430 cgnverts tﬁe receg/ed signal to ttl]ne fl%quency-

domain signal Rx having N data points. The frequency domain signal corresponds to the
processed signal Ry. It is sent to the equalizer 330 and the channel estimator 340. In one
embodiment, the frequency domain processor 430 computes the Fast Fourier Transform
(FFT) of the corresponding received data stream representing the received signal where the
FFT size is N.

[0033] Figure 5A is a diagram illustrating a frame structure 510 according to one
embodiment of the invention. The frame structure 510 represents a typical frame for an
OFDM or OFDMA system. It may include one or two pre-amble symbols 512 and M data
symbols 514, to 514\ where M is a positive integer.



anbl e synbol 530 consists of all pilot sub-carriers
fromthe sub-carriers being used the data synbol 514
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sub-carriers, called data pilot, marked "P". [0035]
The channel estimation nay be perforned using the
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Biso Eqmmbh: t0 estinmate channel for

Computeﬁtdg ﬁﬁgtﬂgg;lﬁggb I?arcghl%ers If the pre-anble is used

as in khe frame 510 and al lypil ot subcarriers
~% if kis used sub —carrzer}

iH, =1{ P, . k=1,..,N 2a)
0, else
iH = interpolation (iHy), if needed (2b)

[0039] where Py is the original signal transmitted by the transmitter processing unit 220 and

is known a priori by the receiver processing unit 210.

[0040] In equation (2b), interpolation of iHy may be needed depending on how the pre-
amble symbol in the frame structure 510. If the pre-amble is used as in the frame 510 and
equally spaced pilot sub-carriers are used as in the pre-amble symbol 520, then the initial

channel estimate may be computed according to equation (2a) for the allocated pilot sub-



are used as in the pre-anble synbol 530, then the
initial channel estimte may be conputed according to
weaquatiemdms (2a) for all allocated pil ot sub-carpCEUS200M012619
then interpolation nay be omtted. If the pre-anble
synbol is not used and only data synbol is used, then
t he channel estimation nay be done using only the data
pilots and then the interpolation may be perforned for
all other sub-carriers, or using data pilots and data
carriers sndthen nntergs)lat[cﬁﬂna.‘]' bmerfmrn@;bwpg divespl tcssszprwﬁﬁbwel for all

other us%g ?uli Qérh' PST& E}ﬂg langhik llé'@steg a¥$h i ﬁ‘:ﬂﬁe A @ GRYVall pilot sub-

unc erati on reduces Si na di sconti nui ty
carriers areqused as hethame@rab@ﬂmb@lrﬁoemeééh@ %ﬂ@.cgﬁrwel stigatgipay be

computéc{r}% g}@ﬂ %tc})@!{lﬁu&f? (iﬁgtfbg 2l anoeesd ﬁl%t sh@-@%ﬁ&?sﬁ and ﬂ]eﬁn e

ow function is Hannj n

interpolgfforteay briontitied cH shel Pregamblersymbiob i muﬁ@d alion glb' 6%4‘3 Wol 18
used, thén ghg hafed %Q&llﬁaﬁor”x{ay)be cl%ne uding:only the dMtd Bilots 884 Aenthe

OW processor perfornms w dow ng, by nultiplyi dg
interpolatien Y b @r:rfenam@r “both e corticrn; QTTRASHE Rgly A Ghta sub-

camersf unction wrk according to the follow ng equation: wHk
= iHk x wrk, k =1 . ., N (4) [0043] The inverse

[0041] "rﬁ@ Asddw pﬂﬁgﬁbﬂ 594 Qﬁﬁ&&@g théfiﬁitlgﬁaﬁha&muhﬁae using the window
-domar n wi ndowed CIR whn. The in

functon. B BRI Gb KNSR PBLI oM AP BY AATE™ PRRYIeR i effective

signal b%Ea_ aﬁ@tﬂe‘ﬁa&‘ﬁ Bﬂﬂ%ﬁnﬁfg@f&'@ec@ﬁtlbm’ges Vinkoneeatiadiimgnt, ¢he
equat j n

wmdow fuanorhls_thq Hganmng wmﬂprvgympwlpé?rgn %CCIO§31{1% ko Fkﬁ\lfg lg\gmg

equauoEFT [0044] The resulting time-domain wi ndowed CI R whn
may have sone noi se conponents. These noi se conponents
J)p_,_rcgg@%g@bymhg—tpr eshol der 560. [0045] The 3)
t hreshol der 560 thresholds the tine-domain w ndowed
[0042] @hg“mﬂbw 9rdc@§6a,v §50 OO MpdEnE Dy rlleplyingtiedhilial channel

esnmat;:3 ﬁglic ylégg o5 ?‘E“%I%E’glt‘%‘g@ﬁfﬁdgﬁ%@ntg? i‘t’lﬁ(}“"g% 5 tq@%tﬁ‘%“ﬂ ? eg

hr hol vaI e THR to be used in the threshold
TW 2/ ’hl%"lihres |d value THR may be a fi xed )

[0043] &ﬁg%&\%ﬁ%}; qugH%V,Y ?g I%Egsg 95‘@(?% e%tc\fs ARl hgﬂxafnowmdowed

system dynam c
CIR whin The inverse frequency—domam processor 560 may compute the inverse FFI‘ to

the windowed channel estimate wHy according to the following equation:
wh, = IFFT {wH},k=1,.. ,N;n=1,...,N &)
where IFFT is the inverse FFT.

[0044] The resulting time-domain windowed CIR wh, may have some noise components.

These noise components may be removed by the thresholder 560.

[0045] The thresholder 560 thresholds the time-domain windowed CIR wh, to remove
noise components. The thresholder 520 includes a threshold generator 562 and a threshold
logic 564.

[0046] The threshold generator 562 computes a threshold value THR to be used in the
threshold logic 564. The threshold value THR may be a fixed constant or may be computed
adaptively according to the channel environment and/or other system dynamics. An

adaptive threshold value is preferred because it models accurately the channel environment.



adaptive threshold value is preferred because it
nodel s accurately the channel environnent. The
wo booeaohsl generat or 562 may conpute the threshol/tS2007/012619
val ue THR adaptively according to the foll ow ng
equations: THRP XL - N) t P K (6a) where Nis the
FFT size, Pp is a proportionality constant, Nbo and Ne
are the begi nning and endi ng indices, respectively, of
the tinme-domain wi ndowed CI R whp which indicates the
The threshaid genaratos A62 priyrrosnfie HsithresheldealignbHIR [adpptyyely according to
;Uﬁ% only the elenents of the tinme-domin
the ollo &ﬁggﬁR whn whose index is inside Nb and Ne are
used to conmpuj e the A hreshold. Nb and Ne may be
delReE P, Red—aceordi-ng tRwigone system consi der at (@0. For
exanmpl e, (M~ éh'dﬁﬁh#mystgnwenploys Lp as a | ength of
t he guard interval (or cyclic prefix), then Nb and Ne

PBY fw t eqpaly 30 Ap. The threshold val ue THigb)
conpute accordlng fo equation (6a) takes into account

vie N REPFL TR CRY By apee o Grrahoan8 50

bcgmmrté‘birﬁﬁéiﬂh(g ﬂnﬁ@ieﬁ rbépctielgstfothel smtehdaommnemddmeah CIR wh, which
u e threshold value THR It

mdwate%ﬂ"r‘?p%arrbgnqclﬂ@ ?J%&E °§\7‘8?sﬁel daith the threshol d val ue

[0047] L AR ARNBE Al Rerh e £ 'tﬁ& B6RaiolblBa LIRAVE, whose index is

n accor ow ng equa | oNn:
inside Np @64 N akeusziiite computesthe alﬂteé‘lcétﬂFENb apd N meayt hendetemnined

accordln:gsfgﬁsgﬁg%[y%an (}A%g 4 eratfon!! %oqg(gnﬁaﬁslfrbg'éﬁ)i\/{ S s{eﬁn Qﬁiﬁ%dys I1,asa

reshold v e THR and 1 s aSS|ag
length of éreoguaad intervp OB 0y clithpretisieansis and F3maydwepeheqnad 0 Ly. The

thresl1ol¥yI J&ﬁ%\dﬁfﬁf{f uftegf actch%&l} %{Oeﬁﬂ.lg{lgﬁ %a) ®dked ‘i’x'lt% SeESUNY kb average

omai n rovi de the enhanced
noise payvean Abkredere; iremay ad4pt 19 the channet 9y%ﬁﬂwnamrpﬁ eF énwwna%ﬂt
two techni ques to inplenment the conpensator 530.

[0048] The theshald logicsiedvihrasholds &mféme-dﬁmim&W&%edt%%th Hémg the
thresholdSaRROHER! B deﬁb’e[r@s the doWe LhIuEIPGHE, Byiéh ihe tRredh@dVvalle THR and

Il lTustratin npensat or 530 _using clustering
generateasctb@ nqxsegem@vqﬂn@ne DB EINAQSCA IR fhngesariiion to fapcfollowing
equatiofompensat or 530 includes a cluster generator 610, a

W ndow conpensator 620, and a frequency-domain

processor ;io [002211 J@Tﬁkgster generator 610

gener ak es¢ a 'conpensat i"ng vect or=02).0fN conponents for(7)
cluster m®n the 4# eshol ded ti me-donmai n wi ndowed Cl R
thn. The conpensati ng vector Cm

[0049] In other words, an element of the time-domain windowed CIR wh, is considered as

noise if its power is less than the threshold value THR and is assigned a zero value.

\

[0050] The compensator 530 compensates window effect for the thresholded, or noise-
removed, time-domain windowed CIR th, to provide the enhanced channel estimate uHy in
frequency domain. There may be two techniques to implement the compensator 530. One

technique is shown in Figure 6 and another technique is shown in Figure 8.

[0051] Figure 6 is a diagram illustrating the compensator 530 using clustering according to
one embodiment of the invention. The compensator 530 includes a cluster generator 610, a

window compensator 620, and a frequency-domain processor 630.



has a length cLm The cluster generator 610 includes a
cluster index generator 612 and a cluster el enent
w@eoenades 614. The cluster index generator 61PCT/US2007/012619

generates an index vector xCmindexing a cluster m
which is a group of conponents around an effective
conponent in the threshol ded ti ne-domain wi ndowed CI R
thn. The cluster elenment generator 614 extracts the
conpensating vector Cn, in the group of conponents

[0052] Terdlespogierayort Gl gemeiateiex cumperopixgiectPOs 9f crpponents for

cluster 1§ i e GhresSiG g%%c?ﬁeﬂﬁ Wiido JENETRYES 'f‘lfbecdrﬁ‘[%@?éat‘{%@&rtor Cm
X using a group of consecutive zero elenents I nthe

has a lertgtlt ebhoMTHed]usr gauérstor G frinaludests glasteloingdph Spnaraioney2 and a

LA r- i .
cluster egrrgen@gége{r%\ao?%h%gt% em&é%cu nefﬁmﬂéén\éﬁ\tgseﬁrpmdgﬁ Eector

.ol e use ter index generator _
xCr, indexiog addsster m verich isrrdgronp of ae@porpitieaanpd 80 eHfegiéyfeforpponent in

the thres%ozp{e Mtimd AEE%in‘S MdOWRRERNHE Ndhi BRRYEr ¥RMdAk 8Endri®r 614 extracts
I ndex t Cmtor the

vect or X nt A cluster using indices of
the compénsating yewor Cuwén sher group efEPMBONCNiCHFSPARYIBE tothetindex vector
xCn. cluster generator 610 is explained further in Figure
7. [0054] The wi ndow conpensator 620 generates a

[0053] PRDLEELINR SONEraRIBED SBh&ticY A5 iate i NEctbf 00, ubigis\W ghoap of
. vectors ucm usl ng ucm romthe,co ensat | n% vect or .,

consecugiNg Z8rogHemeRss & HerBEpsholgled . noisereiRoXRe- g amafn yifowed
CIR thn.(‘;\’!N‘ﬁll@M’_nfdﬁ‘I‘ RlinBEr NZ Bﬁé@)ﬁb‘é@tﬁt&% th<5 léle}heﬁthﬁ mapBs ]}Jl%t}s The cluster
] i mensi ons corresponding to the length cLmof the .
index gensrpenea inaldse & s 2 endindphesnciiptde EERaina it i x5Cn
and an él_rﬁl AdSOKRT, S of%{eﬁhd%xgﬁa‘égdtgc@n ﬁir mwmﬁlf‘mmsnér uSkrlgindicek dfithe
he inverse matri x ) s the sane di nensi pn.

consecyiiyg 551 eHBeRS ISR SRFFAHAD P8 T asts BRaG T 10k Srpfamied further
in Figueer.formed in the time donmain. Since multiplication in

the frequency domai n corresponds to convolution in the

| e.donmain, the, desjred A
ousay ST oG o0 ST L AL Pl vesor
uhy fromlinmt/mgamecﬁre ucQ nsiok wch, fronmttter domptmsdtore watdr Ch and @ pre-
.m e cqnstyuc [ ' he
acte TN PE IR A1 CBEF LR L 14 SAERSFas Al cas
has dimeasinnsgorwspouding tmteilorgthiche of tipr¢rBPINSEIiRALRC PR b EN other
words, gxlevxﬁﬁri'xrknt, ﬁea gq%la}eof%ﬁg( M 4 Binension of cLy x cLy. The inverse

matrix A,,” 625 has the same dimension.

[0055] The compensation for the window effect is performed in the time domain. Since
multiplication in the frequency domain corresponds to convolution in the time domain, the
desired compensated vector may be obtained by solving a convolution equation for each
cluster m. The convolution matrix A, for each cluster m may be constructed using the
impulse response of the window function with dimension cLy X cLm. For the Hanning

window function, the impulse response may be given in the following equation:

wiy =0.580.1 + 8y +0.58,41,n=1,...,N (®
[0056] Let the elements of the compensating vector Cr, and the window compensated vector
ucn be:

Cm=[emi €m2 ---Cmclm1 Emclm) (92)

uc, = [uc; uCs ...UCeLmi UCeLm]® (92)

10



Wn=0.5dn- i +dn +0.5dn+1 , n =1, . . ., N(8)
[ 0056] Let the elenents of the conpensating vector Cm
w@ae@ 7tz ndow conpensat ed vector ucm be: Cm BCT/@82007/012619

em2 . . . emcLmi emCLn]jt (9a) UCm = [uC UC2 .

UCcLm | UCcLm] T (9a)where T indicates transpose.

[ 0057] The w ndow conpensati on may be perforned

according to the foll owi ng equations: [0058] Equation

(10a) may be used for Nz = 4 and equation (10b) nmay be
where T sschtéyraridpose. 2. As shown in the above equations, the

el ements of the convolution matri x Am may be knovvn in
[0057] Theweindew chhwenspliondeay e Perkoraped acceuiing %orf@P Epliping ggyations:
be conputed off-line or in advance. Accordingly, th

uc, V\Mj gg,nvt f@wwsaltd Snog:ao/obgngeofmrmd @bflfm) ttdmy
B. rj] X.an
uc, & oo pat D 88[ 0059Prb2fp§ (?ﬁ o

uc, o é)ns@.t)ed)Sth(brOﬁcn(i)ﬂor .al 0.&| 0éx 9.9 aﬂ@ ojpt-ai ne
h¢ conpl ete wi ndow conpensated Cl R uhn may bie.. (10a)

bl ai ned ‘as_fol| ows. First e $

uCq, 2| nil Pi%1 PPe Qi 1%0?2)% el en%ﬁt 3 déll @éodﬁ) Hgnqg t et
uc,, _, flol|bawi 69 e0atd.@n0.0h..n. 0.0, M5=110 0.5 0.0 N, (1)
"7 [|006Y Fler ot figo clogent s @b tde W awve 6511 pd i t
| UCer,, tlhe correspondl ng el enents of the ucm at th‘é mcly
associ ated i ndex | ocations according to the fol |l owi ng

quat.i o gic a2 where xCmis
ua ?b o‘gﬁ \Lfmétg op]ot e cl%ist o )

D

| I © &

o —t o

—

h s the total

uc, nu ér b0 @usP& s0.0 0061]0-6h&9 r Oflie &y> dofrai n

uc, Proogsses 63 ozmoies.a fo.equamcy-comajn vector ukk
romthe w ndow conpensated vector uhfp. The b)
requency-donai n vector uHk correspon@sto the enhancgé)

uc, _,¢hafkel 08st0.6at00 The. Pdequ@ndyS dOMj nepepecessor 630

ue oﬁprf@@teot)he)cﬁrequeow dema.o vest o uHk| by

Lt ¢o L&rl Q% Qﬁ of t Bdgdv 5CQIEp ated | vect or
juc,, yhn"Th | t g “f'te uen Omai N veétar UHk is

obt ai ned after rermV| ng noi se conponents and

[0058] E?E@ﬁ)ﬂi@@d)ﬁﬂaﬁ heeusdrapWzes ﬁeﬁd squahonql dbnghy be used for Nz = 2.
r tothe orlsglnal chann than he initia

|
As shovgL i e cb AR ER FRISHG o RGP b ooy be known
in advand@P rMheanwitte mhRO6A], ! bR gLthercforesmay te agmpired dffidine ar img

::1dvance§l g&%)é)g :g'lg'og]%r i (qg'][ ao{n%)éﬂ%ﬁ“ kel Rg lpgxq:e r%esd & %PEnﬁS'%thout
matrix inversion and include only matrix and vector mulnphcatlons.

[0059] After the window compensated vector ucy, for all clusters are obtained, the complete
window compensated CIR uh, may be obtained as follows. First the vector uhn is initialized

with zero elements according to the following equation:
uh, =0, n=1,...,N (11)

[0060] Then, the elements of the uh, are filled with the corresponding elements of the uc,

at the associated index locations according to the following equation:
uthm = UCm, m= 1, .oy M (12)
where xCy, is the index vector of the m™ cluster, M is the total number of clusters.

[0061] The frequency-domain processor 630 computes a frequency-domain vector uHx

from the window compensated vector uh,. The frequency-domain vector uHx corresponds

11



[0063] The technique first obtains the threshol ded, or
noi se-renoved, tinme domain wi ndowed CIR thn with the
waeeowaspoendi ng i ndex vector iVn. For exanpl e, peEUSIN7/012619
sequence has N = 16 elenents in the thn 710: thn =
[v,, O, O, O, O, V6, O, O, V9, O, Vi1, O, O, O, O, O]
[ 0064] The index vector iVvn 720 is: ivn =1, 2, 3, 4,
5 6, 7, 8 9, 10, 11, 12, 13, 14, 15, 16] [0065] For
exanple, the elenent at the index 1 is v , at index 2
to the enhand@d chamnel pOUGBE. The firequerdyndomanNEokssy G3QrmpvagAUte the
frequenc\#lra otaih %e&ﬁ{ﬁflm)? 8911183!?}1% (AR of fheSPNBEWRBnipRnbdl&d vector
ninu er of co n

mnu ohsecutive zero values in'the th
uh,. Theregulging dreqitricy-dahain veaipr bEkdepiatned 2BHECHEMAVIRE PRISSonme

componéhtd Lﬁc%ém}iﬁ{}@% 3 vﬂtld{nb%fféeis?’ A RBLIREY, #tfs &1BEer to the original
sequence.” I'n thie exanple shown in Figure 7, Nz is
channel thehdlt mitially ¢aimatet] chanpek iEkant pre vides peafospgnesipaprovement.
having the |length of consecutive zero values equal to
[0062] Figurgroaeatiagramnllesiratingian; exampleafos €engraine C IR PSP N d

accordin?ﬁgio@[a RSN e UE RSnintflfiS! gnated as xZm where mis

uster nunber. The 1Vn has two clusters that have
[0063] ﬂa%f @%ﬂé{ué ﬁ@%ﬁlaﬁg% thir€sh@lded! 68 ke-tdhddved, tihbaRenai e
XZi

) 0 and xZ 74 ere; xZi = éz ﬁ: 4, 5h ar}% EZZ =
windowgd TR fiy, withythe porresgndingmAPx YREOkHVar (o5 SE2RRIF FiffBy Sequence
has N = 96R&ImAdHS & Wetgrrione the start and end index for the

th cluster as follows: xsCra = xZmi (end - Nz/2 +

nm
tﬂl%:([&§@)0,>@@,‘f\15_;@,(5m9_(ﬂlyn,M,Z))O(G.Bb) [0068] "end" is
the total nunber of indices in the index vector xZmi -
[0064] T8 inkeTvediek iV, M203s:+ 1. The notation xZmi (end -Nz/2 +
1) = xZmi (k) indicates the k-th elenment of the vector
Nz 1, 25B,m,1526] % 8, De10,j115 18213, 1Mz1 2, 16The not ati on xZm
(Nz - Nz/2) = xZm(j) indicates the j - th el enent of
[0065] Fdrexumpley theXéldment aOyld indepddpar.tay inskex 2rie O #ig. sequence
I's used when mreachesthe end of the cluster nunber.
[0066] Baom, exsinphen NF zerp rurt lenghevalngiadetermingsd. This ¥plupds selected as
ind bk i . Thist may be
v il e B BB L UBLP b 16 B9GP may
selected[@06@lingRorsopiewrspréori krowledge of thempiscamttert @ the sedusrfedin the

exampl%éiqv%iﬁfi%?éﬁ? ﬁef %%’ggt@é 25 Nz12 4= didsters 1 theldfty séh'ﬁenéeﬁﬂaving
the length of consecutive zero values equal to or greater than this minimum value Nz are
obtained and their index sequence is designated as XZn,, where m is the cluster number. The
iV, has two clusters that have zero run length equal to or greater than 4. These are xZ; 730
and xZ, 740 where:

X7y = [2, 3, 4, 5] and xZp = [12, 13, 14, 15, 16]

[0067] The start and end index generators determine the start and end index for the m-th

cluster as follows:
xSCpp = XZ .1 (end —Nz/2 + 1) (13a)
xeCm = XZp (Nz — Nz/2) (13b)

[0068] “end” is the total number of indices in the index vector xZp.1. Let k = end — Nz/2 +
1. The notationi XZm.1{end — Nz/2 + 1) = XZn,.1(k) indicates the k-th element of the vector
xZm-1. Similarly, let j = Nz — Nz/2. The notation XZp, (Nz — Nz/2) = xZx(j) indicates the j-

th element of the vector XZ,. Cyclic property of the th, sequence is used when m reaches

12



xeC = xZ, (4 - 4/2) [2, 3, 4, 5] (2) = 3 (14Db)
[0070] For cluster m= 2, XsC2 and XeC are determ ned
W@2007%8X823 = xZi (end - 4/2 + 1) =[2, 3, 4, 5]PCHUS2087/612619

1) = 4 (15a) xeC 2 = xZ2 (4 - 4/2) = [12, 13, 14, 15,
16] (2) = 13 (15b) [0071] Then, the final index vector
XxCmis obtai ned using the xsCmand xeC mtaking into
account the end-around property of the index sequence,
i.e., when the index reaches the end, the sequence

the end ofithpsluateonnuiben Fdrexetripdy, iBmd= 1Tihen Kéde = ¥ tvclisrkan as

the last cﬁtggt%ng%gsﬁ%%lgﬁ%l P%B%%fplfe%hh Wlllrl] @i g%‘iﬁz@t ﬂhmorf‘egﬂbnds to XZa.

e exanpl e shown in
6 tained as: XC 1 =
(0069) Hop Bilsfer bn s COt PR W BeRrRERacR! & Neg a8: 7C 3 -

x'Lé =1z, (&d - af Ry Lq$§313 F1r40rfsthﬁ(5ndﬁx 1yectsor (x4
e conpensating v or Cmfor cluster mis obtained

,@ble_x,(za@um)u[g Blerp)s=Bocated at the (14b)

correspondl ng indices in the index vector xCm In the
[0070] FRF M0kt 1 BOWRsCh adkd 94T Laré defstmifllasCL. 1 768, C2 775,

and cL2 778 are obtained as: G =10, 0, vl, 0, 0] and

B, =B eddaw/ L2 54, 304, 556{4—02+(1,)—v49 0, vl 11520 0]

and cL2 = 10 (18b) [0074] Figure 8 is a diagram

AdCuskZatd -ngy2) Rd 120tHdrs 18.0r6]530=18i ng an i nver$2b)

wi ndow function according to one enbodi nent of the
[0071] Tireng ritei final iides veotop syt obtabdal ysing hgasCa and xeCy, taking into

Der Q@q a “\Meﬂqﬁt\fv d hes th d,
account tlﬁ)ﬂ%’keéﬁgrg%ogg Z Ly%ggl%?]%ﬁ%& g@%@nq uency domal I1’1n S?(gg%cs g?)r e ene
the sequei@e woapsur@mdofthecheneyd. dBhaindey vettor xEn delytpimed according to

, Oor noise-renoved, tine-donain w ndowed
thefonogﬂhg%ﬁg FI(}'?]hl s may be perfor rred by conputing the FFT of

= n naccordlngtothefollovvlng equagy on:
{(EIR Sﬁ%?—"f’ %g(f:f"]h n, I, . . ., N(19)[0076 )The
[0072] tﬂé W RRRBRALR Flg%%Q 795@0@17@@ 88d ROV TEIR dbeanansat ed
vect or k using an inverse w ndow function 830 of the
mpgqy\sfllmqtz@] wFk as given in equation (3) alavs)
The wi ndow conpensated vector corresponds to the
Rohanees) & hageloest,ilzats] The wi ndow conpensat@ab)
vector uH may be conputed according to the foll ow ng
[0073] Bpuatliecindex vector xCrm, the compensating vector Cr, for cluster m is obtained by

QC

extracting the elements located at the corresponding indices in the index vector XCm. In the
example shown in Figure 7, C; 765, cL, 768, C; 775, and cL, 778 are obtained as:

C;=10,0, v1,0,0] andcL, = 5 (18a)
C,=[0, 0, v6, 0,0, v9, 0, v11, 0, 0] and cL, = 10 (18b)

[0074] Figure 8 is a diagram illustrating the compensator 530 using an inverse window
function according to one embodiment of the invention. The compensator 530 includes a

frequency-domain processor 810 and a window compensator 820.

[0075] The frequency-domain processor 810 computes a frequency-domain vector from the
thresholded, or noise-removed, time-domain windowed CIR th,. This may be performed by

computing the FFT of the sequence th, according to the following equation:

tH, = FFT {th,}, n,k=1,...,N ' (19)
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J". - HM- k, k-1, ., N (20) [0077] Therefore,
an enbodi nent of the present invention provides an
wenrkane®ad channel estinmate in the receiver of PE&EUS2007/012619
conmuni cation unit 160. The technique is
conmputationally efficient, has a sinple architecture,
provi des perfornmance inprovenent over existing
techni ques, and does not require know edge of SNR
and/ or channel information. [0078] El enents of
[0076] Bhebwitiderntampsinsathe Szthgemrmeﬁa epders cpmprrach wrgtas Hy using an

inverse Pﬁ'{dm@{u%ctr&ﬁ RoYBf EBWﬁct%n @F?/ aé:giﬁ‘@l') faédAfon (3) above.

e tern1 mare enera refers 0 an
The windbwraompensated gecaomglmspamd%tprtb% enlyaated anpel estimate. The

wmdow%?ﬁieﬁ%éf ve&+ﬁ?ﬁ{ AR 9B ebhfputddick6@ing © RS FS1RAMANE @bation:

ani ca ectro-nmechani cal parts, conponents, or

devicgg, etc. The termsoftware generally refers .to a
qula‘%:stkudunéf a nethod, a procedure, a prdéfhm a
routi¥€ a process, an algorlthn] a formula, a
function, an expression, etc. The termfirmare

00771 ’ﬁﬁ&@f&é % Jn@é&mem%f&hé Qﬂdséﬁlﬂ mﬁéﬂﬁd)ﬂtpibﬁdeﬁamammdad eéhannel
proce ure, Fro gram a routi

n roce
estimatesinge Faoser 8f sropREUIgaaTeniF 560- T EXpTaUe frgpmmptionally
efficient, |ﬁ§§ a'tsﬁnlblg'?*&ﬁ@&h%' pedvissafdthahée finfravemartever existing
structure (e. r maa
techniqufgy aRchepesdiot i oR g A S SRR et g ateR: ©
m cr o- programmed structure. \Wen inplenmented in
[0078] Etefmexm &f @nbddimenirod the neentianeay de anplementdsblely hardw as,

ﬁrmwarge%o W esent I nvlflo}nla??ﬁ Hefedtd S'%Hé {e?'}nl %ﬁ&vbgre%%qgrally refers to an

Fmthe necessary
elementsltdvﬁn@a phfsmaim}am@urﬂeguctl s Ielmeronheela@tm‘aﬁgr@@é eontisab glgogro-

optical, %‘ech‘é{nli%alo QI%E:&B-' %ﬁa&%E&%ﬁg oﬂlgg&g@s %{mgiqbé'ée Bic. ‘?Be tdMn

ates the
software genatily nﬁerSTh@ lpgiogirsamctire.contethod ghpiecedgm Pe@EBr 2Eputine,

a proce%s aft a%r ?ﬁﬁgsgfor%lmcfnh&?orpﬁﬁ %ﬁéﬂep&@n edi PR Rfm firmware

y a conputer data Ssignal enbodied in a
generalkyarefdre to aipgical giruciurs, gmthm)mra@%@r%;ﬂ REOSTARY: Ad PUtiRg; @

processy arﬁ E%Bﬁmrﬁ si ﬁgmﬂ%d b%&ﬁctﬂﬂ n Qﬁﬁ@%‘f'&? retc,r aasalisp Ié'i'nenlted or

|ne readab e or .accessi b
embodlném ahtrdweye smwwdesnflasb dnaneryhaExeaples ph fignware may include

rmcroccgd'e, mgle cBhtrol store, micro-programmed structure. When implemented in
software or firmware, the elements of an embodiment of the present invention are
essentially the code segments to perform the necessary tasks. The software/firmware may
include the actual code to carry out the operations described in one embodiment of the
invention, or code that emulates or simulates the operations. The program or code segments
can be stored in a processor or machine accessible medium or transmitted by a computer
data signal embodied in a carrier wave, or a signal modulated by a carrier, over a
transmission medium. The "processor readable or accessible medium" or “machine
readable or accessible medium” may include any medium that can store, transmit, or
transfer information. Examples of the processor readable or machine accessible medium
include an electronic circuit, a semiconductor memory device, a read only memory (ROM),
a flash memory, an erasable ROM (EROM), an erasable programmable ROM (EPROM), a
floppy diskette, a compact disk (CD) ROM, an optical disk, a hard disk, a fiber optic

medium, a radio frequency (RF) link, etc. The computer data signal may include any signal
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transfer information. Exanpl es of the processor
readabl e or machi ne accessi bl e nedi um i ncl ude an
we@b@ctiudms ¢ circuit, a sem conductor nenory derCT/ES$2087/012619
read only nmenory (ROV), a flash nenory, an erasable
ROM (EROM, an erasabl e programmabl e ROM (EPROM), a
fl oppy diskette, a conpact disk (CD) ROM an optical
di sk, a hard disk, a fiber optic medium a radio
frequency (RF) Irnk etc. The conputer data signal may
that canipepagate evey adtagemissieamedinmprish ag slestrgnigmegvork channels, optical

fibers, ahr @ﬁéﬁ?ﬁﬁgﬁ)&lcnﬁﬁ'l% siehthe cgﬁ@fégh%ﬁké:mﬁ?b%b%nloaded via

opti cal bers, air, electronmgnetic, RF
computer nekworks sach Fibe daigmes dgiranatsetenyl NB ENaFHYIT as5erstPly medium may

be embt%ﬁé@ ﬁLatﬁ@feV&rrﬁaﬁ'lu%{ﬁﬁea'?hé Rfchinbatontibld Mbdbeiay $hdlude

I ne accessi bl e nedium may be enbodied in an
data thatwhegl ascessedram afmeachines causgdheiaphing t%reeé%@r HeePneEti i

describdPabovBC II‘l’ﬁg ‘?néé:mr@ dcBakibldhRBI RS AR B¥lude hidode

cause the machine to performthe operations described
embeddgé) @welnrﬁéwrmegmme:o&éée@smsh@e mRehing Headable eerle taperfgem the

operati cﬁ])rs Qﬂgﬁmeﬁ%g@vce ”i’ﬁéjﬂz?rﬁ ‘tdtiﬁ"’ f?x'eﬂe refd1§ 1 5@;@{@%@ EBri®@Yon that is

machi ne readabl e code to performthe
encodedafferraaqhmrsreaé%t&r PBREsEh ANSTCTPHa 1 18R Y {NCHiieProgram, code, data,
file, etc! €f €ers to any type of information that is encoded for
machi ne- r eadabl e pur poses. Therefore it may include

o079 B ebear nara arbE i FaRon a5 TR R Bl gy

softwarb,arﬁw»eare,s@fatn\ya:bmblmdqi theneaf. eThohardwyre; sofow Azt ooﬁnnware

t f]
elementnrgi}y ﬁg\//eesegfgrfé In;éﬂduﬁ% &8}1%1%8 é 8L gr‘aotﬁér oAﬁ é‘;ﬁgﬁ% %lo%ﬁ%ﬁg coupled
to anotHe tbdulebymohaicas, dlempbﬂdoptmaarmduEmnagndm er fyy physical

comnectigis. SR ThETHE I Pupicah sfBiner FloAEI ARANELLE Bhcedyre,
method{ mb;mgx’amr orrmdxnbmm’mwaﬂ & juop.i okimk, plrpm:@d@nee vanelplho@hd argument
passmgpg?lg}?glt &re Oretcsu rsgffsv emgallrle is ?011 1Pro a@roltﬂe??ocﬁ'ﬂe to receive

ariabl e, assin unctio
variablese pamametegs, ca.rguknsrtté tpmrtersrmtdudim:l/mstocgmpﬂamonRﬁsamtlh% rupdated

variabI D Baferd Uil CAHNR MR coR LA B LAl Rer ADGUER hy

, éetc. or to ass resul
combmapdlabéual‘dallarmde@ftw mlarhsn,g re@tbodsoabqvmveah@dm seftyare, or

flrmwa.ﬁ oﬁﬁgé\gl? el{l%n%] L?)t \ﬁa ﬂrggigylo%ew aAbhe CRARLARL, b@[@wafe, or firmware

coupling nmethods above.

moduleh zk ahesuds mep lseded sofivare r*ﬂrerrcef iisHaretnRiErad %%@F@@eratmg
system tr@nd‘ﬁﬁ% oft e n@%tf@ﬁ‘)?t RehofAk Waﬁso B8O huRFare Bfivéd tE) Mfl Bure, set

dul e may al so bé a software driver

up, initjakigzersend en@ éecpmeéraé?ctp aptfrPrp Rehaghreargidetige s gt %mﬁafatus may
include! éﬂ@oﬂ%xﬁ’ﬁx&hﬁ Hakdb 4! SBrtwArE Rl fRiWate BhsRiRe 2

hardware driver to conflgure set

[0080] While the invention has been described in terms of several embodiments, those of
ordinary skill in the art will recognize that the invention is not limited to the embodiments
described, but can be practiced with modification and alteration within the spirit and scope
of the appended claims. The descripfion is thus to be regarded as illustrative instead of

limiting.
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up, initialize, send and receive data to and froma
har dwar e devi ce. An apparatus nmay include any
wa@eovitmats on of hardware, software, and firmaP€r/Uus2007/012619
nodul es. [0080] Wile the invention has been descri bed
in ternms of several enbodinments, those of ordinary
skill in the art will recognize that the invention is
not limted to the enbodi nents descri bed, but can be
practiced with nodification and alteration within the
spirit and scope of theChgHdA%ed clainms. The
description is thus to be regarded as illustrative
instead of limting. CLAIMS What is clainmed is: 1. An
Whpbis&fai@ed &pri si ng: a channel inpul se response (Cl R
generator to generate a time-domain wi ndowed CIR from
f recfefi \éed %{ugr& ugln a w ndow function; a
hr esh82HBH" couBfn@ali "the CIR generator to threshold
4 Mnhekmpﬂldnmespmvsm (CIR ze @b MtOTEN GeneTotE@mS altoprain windowed
ou esho onpensat e w ndow ef f ect
CIR fronino PCF%IVC(% g Igeghus?r%e §/ ndo@;f r}cﬂoﬁ mp

YO domarn’ wi ndowed CIR to
pthoeshdidea nowpiéditoctbd QiRagﬂmetat@stplthmleold thef Hmgrfomeain windowed
CIR: onein. 2. The apparatus of claim1 wherein the CIR
77 generator conprises: an initial channel estimator to
gemrapettsetoa poupied taathe dhezsinadHertotdompensaty windayy effest for the

thresholggﬁrﬂkrﬂz c{ ﬂ%l%ﬁdé\?gftp@g%ghgﬁe@ an EnhiBAPYh RHOCRBRRke in

he initia estimator to w ndow t he
frequenq:y]domailn channel estimate using the w ndow function;
and an inverse frequency-domain processor coupled to
t he wi ndow processor to generate the tine-domajn

i ndoke appatatus of qigun 4 3¥Bgrgin e IR genprafor ‘"\mf’% t he

ﬁrh {884 hafie] eQIMAtLS BSgendrdtd bR shiahcHaanaredtifatd 0 frequency
ute a threshqld value; and a threshold I ogic

domaméfﬁmrf@ore?f‘d‘%eg? reshol d generator to threshold the
1 WIBdP PRIcBss0F BelIeditdGhR inisiaNchdnhel dsiifrsdrabdviiddwehe initial

channel estimate using the window function; and
an inverse frequency-domain processor coupled to the window processor to generate

the time-domain windowed CIR.

3. The apparatus of claim 1 wherein the thresholder comprises:
a threshold generator to compute a threshold value; and
a threshold logic coupled to the threshold generator to threshold the time-domain

windowed CIR using the threshold value.

4. The apparatus of claim 1 wherein the compensator comprises:

a cluster generator coupled to the thresholder to generate a compensating vector of
components in the thresholded time-domain windowed CIR, the compensating vector
having a length;

a window compensator to generate a window compensated vector from the
compensating vector using a pre-determined inverse matrix of the window function having

dimensions corresponding to the length of the compensating vector; and
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4. The apparatus of claim1 wherein the conpensator
conprises: a cluster generator coupled to the
wo booggmhizier t o generate a conpensating vect or POF/US2007/012619
conmponents in the threshol ded tine-domai n wi ndowed
CIR the conpensating vector having a |length; a w ndow
conpensator to generate a w ndow conpensated vector
fromthe conpensating vector using a pre-determ ned
inverse matrix of the w ndow function having
adrerprsd wdemeiorpresgsepriangladdotthe Wirdeyt porgpensgier to compute a
frequencggdm]?ﬁg %E&tﬂgﬁrxmeg\}ina&g%oﬁ{ ASROE Ve S BT TR RAEY-E6Mmain
oupl'ed to the w ndow conpensator to conpute a
vector cdrespoediog teltheginhanceedichanngl@stimgte- wi ndow conpensat ed
vector, the frequency-domain vector corresponding to
the enhanced channel estinate. é The apparat us.of
%l ai nihe HRBTAIT P e f JdieEn o dbstetoreiig rumRsey
aCd1HGEEEhdeD Seer48NERY @inefaté an RNt @ aidekingexgroapiodr

i ndexi ng a oup of conponents aroynd, an ef fective .
compongnsH BB AN e ehte SHRRRHBE Hbthethmanalds e ortn,eiidgyed CIR;

and. and - a cluster elenment generator to extract the

conpensati ng vector in the group of .co nent

g PEETIGEN TR LOTR SRITAE NG GOTDPSaHE TRAOL PR O %
componé&htd cBrespokiamgito thdimdex wedtet. | ndex generat or generat es

the index vector using a group of consecutive zero

el enments in the threshol ded tinme-domain wi ndowed Cl R

6. ThEhappmratsief dhing Savimréinthe claster irtdex ghneratr generates the
. ner.at o i . ' r I i
index v EATTEY R APRT bR R A SRR RS g dotin
windowe@ CRBr usi ng i ndices of the consecutive zero el enents.

8. The apparatus of claim 1l wherein the conpensator

conprises: a frequency-donai n processor to conpute a

T-r equEhe gRRAGHHES AL Clatn §rviRsraim the slusisr Eéﬁ&ga%fat T COmprises a

start and EMEMAORBEREMoP EO¥ERrdtd Ristadihdex Yhd So¥nCimdBL BS &iedindex vector
. coupled to the frequency-domain processor to generate
using ingicgp AHIR COBPRTEHYREEY $YP- using an inverse of the

wi ndow function, the w ndow conpensated vector
§.Or ' G%Rg le'aarr‘%uﬁ 8f }:lglem qnwhﬁgrg%dthg Qgrrxllggrlxsa?&tcb%h@es:

a frequency-domain processor to compute a frequency-domain vector from the

thresholded time-domain windowed CIR; and
a window compensator coupled to the frequency-domain processor to generate a
window compensated vector using an inverse of the window function, the window

compensated vector corresponding to the enhanced channel estimate.

9. The apparatus of claim 3 wherein the threshold generator generates the

threshold value adaptively according to channel environment.

10. The apparatus of claim 1 wherein the received signal is compatible with an

orthogonal frequency division modulation access (OFDMA) standard.

11. A method comprising:

generating a time-domain windowed CIR from a received signal using a window

function;
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9. The apparatus of claim3 wherein the threshold

generator generates the threshold val ue adaptively
wa@ewanaiongy t o channel environnent. 10. The appBCBUSE0OD12619

claim1 wherein the received signal is conpatible with

an orthogonal frequency division nodul ati on access

(OFDVA) standard. 11. A nethod conprising: generating

a time-domain wi ndowed CIR from a received signa

using a wi ndow function;threshol ding the tinme-donain

thviesligving, tD: Rmeadninadonyiadewed RERdMHdow ef fect for the

céﬁ‘[?%ﬁpaqgﬁgﬂinhb%’féemr @hﬂlﬂ%@ﬁf@d@rﬁ-ﬁ&nﬁfﬂhﬂ%ﬁ? CIR to

ance annel estimate 1 n frequency donain. The
provide amehlpiced clangehestimaig iy Beanegendpa@itg the ti ne- domain
wi ndowed CI R conprises: generating an initial channel
estimate in frequenc main fromt hﬁ%r.ece' ved s

- d t L9380ea IR

W2 ndohhsapethed of slaimad ! wheksHegenesingdre M fy e
compris¥d:ndow function; and generating the time-domain

el e e SO RAEIRTR o recived g

Wﬂig@ﬁ/ti]hié tﬂxﬁﬁlﬂig_ﬁpﬂﬁhgélﬁ_tinwm&iﬁ g e \gingbwefaghoﬁ(ﬂa;maaue;

and t hreshql di the time- in w ndowe R usi n .

SEr RS L0 O RIS WOV A C TR B SFVecT s TH Y Ymain
functiomVher ei n conpensati ng conpri ses: generating a

conpensati ng vector of conponents in the threshol ded

ti me-domai n wi ndowed CIR, the conpensating vector
Iavi nFhanleghmgt dof;,clajenkElr wherein throfheting eompassat ed

vect f ating vector using a pre
Cd’é?%@rﬂgnacre%p%shg@r\gag@ﬁg??i x of the wi ndow function
theashnlgling thetmieodemainr windoved GG using the thiephpld valuet he
conpensati ng vector; and conputing a frequency-donain
vector fromthe w ndow conpensated vector, the

14-equdhe yeindefirigige i bIvhetsin eQpBFRFRHES FYPHE Senhanced

ShRPfle E?ec(;ﬂ.l%@l%ﬁin glvectdi i coipgdaentein tHeahreshdldid €ir@-domain
generating the conpensating vecto
windowed CIR, the compensating vector having a length;

) . .
generating a window compensated vector from the compensating vector using a pre-

determined inverse matrix of the window function having dimensions corresponding to the

length of the compensating vector; and
computing a frequency-domain vector from the window compensated vector, the

frequency-domain vector corresponding to the enhanced channel estimate.

15. The method of claim 14 wherein generating the compensating vector
comprises:

generating an index vector indexing a group of components around an effective
component in the thresholded time-domain windowed CIR; and

extracting the compensating vector in the group of components corresponding to the

index vector.

16.  The method of claim 15 wherein generating an index vector comprises
generating the index vector using a group of consecutive zero elements in the thresholded

time-domain windowed CIR.
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conprises: generating an index vector indexing a group
of conponents around an effective conmponent in the

wo booggimhizied ti nme-domai n wi ndowed CI R, and extP@ErUSI0g7/012619
t he conpensating vector in the group of conponents
corresponding to the index vector. 16. The nethod of
claim 15 wherein generating an i ndex vector conprises
generating the index vector using a group of
consecutive zero elenents in the threshol ded
ti me-domain wi ndowed CIR 17. The nethod of claim 16

her etk SLHHRUFICHIMAB WhEeX ¥&@etAingCMTAEES @&ctor comprises
generating a start_index_and an end index. of thg i ndex

generating a skt igdehand ayerdadgy of Hie IR NPT YNSRI es PE it <

consecutt¥e zdB@1dmédied of claim 11 wherein conpensating
conprises:. conputing a frequency-domain vector from

the threshol ded ti nme-domai n wi ndowed CER; and

gener hé ngtlmd\nif retkou l:lowpemimd:cadpmaﬁng carpngesan

i nverse t he wi.ndow ct :

RTEPE e iehPRgY i Fra S, AR oA o RE IR Bowes
CIR; and9. The net hod of cIa|n113 wherei n conputing the

SRR ALY R IR SoGiBIRULL 09Nl dHiRo Bl dbw gupction.

|ver envi ronnment
the winddve compbnmatedfvectoalcmr&.spwﬁmgetpﬁh@ h@m@@‘éﬂmeﬁsgmte | s
conpati ble with an orthogonal frequency d|V|S|on
nodul ati on access (OFDMA) standard 21. sy
¥bnpr The methas oficlgieg 13 yheseinsemapvting e “r‘"@é‘é‘?lg én}alercgmp&ses

computing @R BREhol FluS h@ipahel yaREoRlin L& NRhelnOE6ARERY UNI
coupled to the antennae, the receiver processing unit

conprising: a receive signal processing unit to

P0.0C eThe hitthddasfadlmal Rﬁhsfegma{e reeeietrbsipadl iesompatitde with an
vi de an  enhance

orthozoffy Jishieny pi /B aLen dreset ReRBrRhE Sy

operati onal node, and an equalizer and conbi ner

spup! adofiRd BSnphigngel estimator to generate an

a plurality of antennae to receive a radio frequency (RF) signal; and
a receiver processing unit coupled to the antennae, the receiver processing unit
comprising: .

a receive signal processing unit to process the received RF signal;
a channel estimator to provide an enhanced channel estimate using the
processed received RF signal according to an operational mode, and
an equalizer and combiner coupled to the channel estimator to generate an
equalized and combined signal using the processed signals and the enhanced

channel estimate.

22. The system of claim 21 wherein the receive signal processing unit
comprises:

a RF front end processor to perform RF functions on the signal;

a guard remover coupled to the RF front end processor to remove a guard band from

the signal; and
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equal i zed and conbi ned signal using the processed
signal s and the enhanced channel estinmate. 22. The
waeymwamoed claim2 1 wherein the receive si gnaPCT/US2007/012619
processing unit conprises: a RF front end processor to
perform RF functions on the signal; a guard renover
coupled to the RF front end processor to renbve a
guard band fromthe signal; anda frequency domain
processor coupled to the guard renpover to convert the
adraguahcyt domaih peogessrncoupleditn thy gynif rerBOYH GO RPRMprthe signal to
i ain ¢ ondin
s ecf) Sl A SE N PR BOLEnE Pl AR Goponcing
to the prog¢rssesl signale recei ver processing unit further

conprising: a de-mapper coupled to the equalizer and

conbi ner to de-map the egualized and _conbi ned.sji gnal ;

28nd al Rfctvstear ofcJaisn 4 TR éhed’?-cﬁ‘ﬂﬁbié’i"c?sc?m&e%ﬁ%é’%‘ﬁ%
conmwmg%gnapped signal. 24. The system of claim 21 wherein

t he channel estimator conprises: .a channel I nmpul se

rdesHERRY CLPRy! 19 thrermpbirer B dgomiting do SevTapthg Sl ped and
combinel sigieehdCl R from a received signal using a w ndow

function; t hr eshol der coupl e Q {he Cl ener at or

A Srepriasivaled R ST TEPBOR o (5 e et B

conpensator coupled to the threshol der to conpensate

i ndoy_ e L | dBER5mIdmaMsagowed

e TEhEEE of Ghich 2 AR CRtnb] SEmLAT o 0e:

4 clequeliopulterresponse ECIRDgsnssptardmeshereted imedopeét ginflowed
CIR froﬁmrlfre iSed ﬁgﬁ{xﬁkﬂ{é £Midw Rfrctigf; | ni tial channel _

estimator to genérate an initial channel estimate in

4 theeshelvley colpted 1o the Rt graeraserdp\Fargskold tha timg-dgrainy yindowed
CIR; anfF OCessor coupled to the initial channel estimator to

W ndow the initial channel estimate using the w ndow
4 ceropénsator gaepled to the thresholder to compensate window effect for the

thresholded time-domain windowed CIR to provide an enhanced channel estimate in

frequency domain.

25. The‘ system of claim 24 wherein the CIR generator comprises:

an initial channel estimator to generate an initial channel estimate in frequency
domain from the received signal;

a window processor coupled to the initial channel estimator to window the initial
channel estimate using the window function; and

an inverse frequency-domain processor coupled to the window processor to generate

the time-domain windowed CIR.

26. The system of claim 24 wherein the thresholder comprises:
a threshold generator to compute a threshold value; and
a threshold logic coupled to the threshold generator to threshold the time-domain

windowed CIR using the threshold value.
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an inverse frequency-domain processor coupled to the

W ndow processor to generate the tine-domain w ndowed
W@LMR7/120913 The system of claim 24 wherein the PCT/US2007/012619

t hreshol der conprises: a threshold generator to

conpute a threshold value; and a threshold | ogic

coupled to the threshold generator to threshold the

ti me-domai n wi ndowed CIR using the threshold val ue. 27.

The system of claim 24 wherein the conpensator

conprises: a cluster generator coupled to the

ahr eshwd glgtent of @aﬁﬁ Qatva]eaemolmecbmp&nsa‘@r v:enipusesof

cqnmponent's i n th time-do
alppter We@éﬁﬁﬂ@ tﬁ éﬁ?/ EH?%\Q 4‘?5v(? AgA" e n g}%’f;‘l’q vestor of
componéREREheahREhdled iR dirRaia windowed CiRytbe sampdnsaaog oector

frogt}lt he conpensating vector using a pre-determ ned
having 3 160&hse matrix of the window function having

LWIRIDH EIBPeTRAOE &pgemﬂ:lraﬁg atwintibve compghsatesf vedier from the
compengSg VEgior HoPE & HIF is BN E e SRR oE BT aBL SRRARA having

O CO
d1mens16ﬁ£ﬂjtﬁa@ﬁ<yndiﬁgr&i me\latgtb iof thmmmswmmmm nsat ed

ctor e fre uenc
3 FecuoE RERBEY R RRA fohe5 Rlqf ShEERGRA! @ohbute o
frequenaﬁ-dmdnarnesrdatdr Heom uimwnﬁmvmompmmneé ascton the frequency-domain

vector R EENEIGN AORLBESTSSaPEL LRI 0 0

ti me-domain wi ndowed CIR;, and a w ndow conpensat or

£oupl gﬂe bRedor CTRAURNGHed R BE @ofﬂb@ﬁ@%oxﬁﬁhs@@ner ate
a W ndow corrpensat ed vector usi ng an i1 nverse of

afnedasncl tiomain Rrocesior P ﬁ%ﬁpt@@ma@% OMay Yﬁctor th om the
thresho@%& El?nceoﬁ’&ﬂhlﬂgvﬁ@o@v@@ ciRbhaneed channel estimate.

ystem of claim 26 wherein the threshold 8enerator

g@n@fkm eempensatay ceuRisH Ao e eausay fPmain PIREESPiogF IR 2

wmdow%@ﬁ%sat@ﬁ‘ VE&BPABAE an 3Pversd6r thy shRdBw furthiah the 4vindow

wherein the received signal is ngejtlble w th an
compengpiefl Y§ARFOTGSEHRERS O HTe\ﬁ'g‘iaB‘FFdrf‘g’&D oM %ccess
(OFDMA) st andar d.

29. The system of claim 26 wherein the threshold generator generates the

threshold value adaptively according to channel environment.

30. The system of claim 24 wherein the received signal is compatible with an

orthogonal frequency division modulation access (OFDMA) standard.
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