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[0004] An accurate estimate of the wireless channel between the transmitter and the
receiver is normally needed in order to effectively receive data on the available
subbands. Channel estimation is typically performed by sending a pilot from the
transmitter and measuring the pilot at the receiver. Since the pilot is made up of
modulation symbols that are known a priori by the receiver, the channel response can
be estimated as the ratio of the received pilot symbol over the transmitted pilot symbol
for each subband used for pilot transmission.
[0005] Pilot transmission represents overhead in the OFDM systeﬁ. Thus, it is
desirable to minimize pilot transmission to the extent possible. This can be achieved by

sending pilot symbols on a subset of the N total subbands and using these pilot symbols

to derive channel estimates for all subbands of interest. As described below, the
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[0008] A time-domain channel impulse response estimate for the wireless channel is

then derived based on the initial frequency response estimate, for example, by
performing a P-point inverse fast Fourier transform (IFFT). A final frequency response
estimate for the N total subbands is then derived based on the channel impulse response
estimate. This may be achieved, for example, by (1) setting low quality taps in the
channel impulse response estimate to zero and retaining the remaining taps, (2) zero-
padding the channel impulse response estimate to length N, and (3) performing an N-
point fast Fourier transform (FFT) on the zero-padded channel impulse response

estimate to obtain the final frequency response estimate. The channel impulse response
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DETAILED DESCRIPTION

[0017] The word “exemplary” is used herein to mean “serving as an example,
instance, or illustration.” Any embodiment or design described herein as “exemplary”
is not necessarily to be construed as preferred or advantageous over other embodiments
or designs.

[0018] FIG. 1 shows an exemplary subband structure 100 that may be used for an
OFDM system. The OFDM system has an overall system bandwidth of BW MHz,
which is partitioned into N orthogonal subbands using OFDM. Each subband has a
bandwidth of BW/N MHz. In a spectrally shaped OFDM system, only M of the N
total subbands are used for data/pilot transmission, where M <N. The remaining
N—M subbands are not used for data/pilot transmission and serve as guard subbands

to allow the OFDM system to meet spectral mask requirements. The M usable
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Wi 1s an NxN DFT matrix used to perform the DFT on hy,, to obtain Hy,, .

The DFT matrix Wy, is defined such that the (n,m)-th entry w, ,, is given as:
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w, =e N , forn={1..N} and m={l ... N}, Eq (2)

where # is a row index and m is a column index.

[0021]  The impulse response of the wireless channel can be characterized by L taps,
where L is typically much less than the number of total subbands (i.e., L < N). That is,
if an impulse is applied to the wireless channel by the transmitter, then L time-domain
samples (at the sample rate of BW MHz) would be sufficient to characterize the
response of the wireless channel based on this impulse stimulus. The number of taps

(L) for the channel impulse response is dependent on the delay spread of the system,
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where X, is an Nx1 vector with N “transmit” symbols sent by the transmitter on the

N subbands, with zeros being sent on the unused subbands;

ry, is an Nx1 vector with N “received” symbols obtained by the receiver for

the N subbands;

n,,, is an Nx1 noise vector for the N subbands; and
“5” denotes the Hadmard product, which is an element-wise product, where the
i-th element of ry,, is the product of the i-th elements of Xy, and H,, .
The noise my,, is assumed to be additive white Gaussian noise (AWGN) with zero

mean and a variance of o*.
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H(s,) = P(s;)/ P(s,) is the channel gain estimate for subband s;. The vector E;’:l is
indicative of the frequency response of the wireless channel for the P pilot subbands.

[0026} A frequency response estimate for the N total subbands may be obtained
based on the initial frequency response estimate _I:l’;:l using various techniques. For a

direct least-squares estimation technique, a least square estimate of the impulse response

of the wireless channel is first obtained based on the following optimization:

Al . ~ init
h;, = Ihnln | Hpy — W By ”2 s Eq (5)
=Lx1

where h,,, is an L x1 vector for a hypothesized impulse response of the wireless channel;

W... isa PxL sub-matrix of W, ; and
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VEEEEF For t he frequency response estl mate for allN
subbands. [0030] The vector HNxI can be conputed in

sever ak RQky, 2X le, the I's vector hLxl can
be coﬁ’b‘t‘;t % j—’é‘tL)asRygﬁ in equation (6) and then Eq (6)
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hLxl (wth zero padding) to obtain an NxI vector h and

2
\gvhgre Wie is an N x L matrix with the first L columns of W, ; and

Efm is an N x1 vector for the frequency response estimate for all N subbands.

[0030] The vector ﬂfm can be computed in several manners. For example, the

vector hlel can be computed first as shown in equation (6) and then used to compute
A Is . . . .

the vector H,,, as shown in equation (7). For equation (6), (EQL_W_M)'IE;J,(L is an

L xP matrix that can be pre-computed. The impulse response estimate ﬁlle can then

be obtained with L-P complex operations (or multiplications). For equation (7), the

frequency response estimate ﬁﬁxl can be more efficiently computed by (1) extending
the Lx1 vector _ﬁfxl (with zero padding) to obtain an Nx1 vector ﬁ_le and (2)

performing an N-point FFT on ﬁﬁxl , which requires 0.5N-log N complex operations.



IS performng an N-point FFT on hNxl , which requires
0. 5N -1 ogN conpl ex operations.L |Is The frequency
w0 e®poese0 est i mat e H\NxI can t hus be obt ai ned wWaTUS2004/043029
total of (L P+ 0.5 NIlog N gonplex operations for
both equations (6) and (7). |Is [0031] Alternatively,
the vector HNx! can be conputed di rectly fromthe

YoF! Braofy elaeth i, " S ey g goit of
e%%@r‘? CI{JBIE’ %ong%ﬁ%é@%ﬁﬁggpm%%tﬁﬁn (Eggndd(g? ai ned

with a total of s oper ations. 32],,.Far

1afs1 l:onp%lfeé'{"?tﬁ’ﬁlyné€$ ot | FBPCabYY utg‘fgiere%l"}yn %ﬁﬂ’mﬂle vector
nypber of conpl ex operat| ons needed to obtain HNxl for

the Orowbipivgequations aad(iaps follops: 0. 5N -1 ogN), N

-P} . If pilot synbols are transmtted in each OFDM

symbol , then the rate of conppfation is Nop / Tsym

m | 1 G, ppaWVat (Wifs Wey ) $BGhM,,( Nbps) , whi ch is Nop Eq (8)
-BWN Mps, where Tsymis the duration of one OFDM

synbol and is equal to N/BWnsec with no cyclic
pihefel XV (. dewd] iwgd) HW owis af e xPuminttix diat cempblgxe-computed. The
operations, Nop, can be very high for an OFDM system

we ferRy k@ BRse WifRRte O SHBPMRADe SRkl RHRARbEL of W - BRomplex
systemvvlth an overal | bandw dth of BW= 6 Miz, N

epéir@ﬁkﬁlst otal subbands, P = 512 pi | ot subbands and L =

512 tap 420 Mops are, need cQ usi n

orr (8 A o O st {8y or g ipEG b gamber of
I\/bps and equatl on requires 36sMop t he )
é‘é}ﬁﬂ% tQPSFALIOBS tnﬁ%iefiea@t Er eﬂ@hanﬁjél ‘?I’r?pUPEQM symbol  is

Mo & B0 oo N N HARNIAE Ebrpuf dtiobr PR fE RPpBlied i cach

FET .in uation (7) 0033 Pllot transm S|onshene
%@Mﬁym%@i tlgenég%gatelg{' cq afion s %mé&mpﬁ iog, ppefations per second

| ocations_aof _.the pil ot subbands. The trix WPxL
AP Wbich 16 QW - %1% /thh MR, herakeeniBe paf ﬁ@e EDM symbol
the P pilot subbands. This results in the need f

ediy eguabise NHB Wnesec with ne cydiccprebx (@%éﬂlkede‘Pﬁl‘PWbsTB$ number of

t(:'(;r%pl\é?(%tpgrratllglll‘s op> can be very high for an OFDM system with a large number of

subbands. As an example, for an OFDM system with an overall bandwidth of BW =6
MHz, N=4096 total subbands, P =512 pilot subbands, and L =512 taps, 420 Mops
are needed to compute ﬂﬁxl using equations (6) and (7). Since equation (6) requires
384 Mops and equation (7) requires 36 Mops, the computation for the least square
channel impulse response estimate in equation (6) is significantly more burdensome
than the computation for the N-point FFT in equation (7).

[0033]  Pilot transmission scheme 200 in FIG. 2 does not impose a constraint on the
locations of the pilot subbands. The matrix W, contains P rows of the matrix W,

corresponding to the P pilot subbands. This results in the need for P complex operations

A ls
for each of the L entries of the vector h,, .

[0034] FIG. 3 shows a uniform pilot transmission scheme 300 that can simplify the

. . . A ls
computation for a least square channel impulse response estimate h,,. For scheme



[0034] FIG 3 shows a uniformpilot transm ssion

schenme 300 that can sinplify the conputation for a

wo e@soessquar e channel inpul se response esti mat BCTIP%1004/043029
For schene300, the P pil ot su?bands are uniformy

di stributed across the N total sbbands such that

consecutive pilot subbands are spaced apart by N/ P

56 @W%ﬂoﬁtﬁbbmswmfomey disEbeted abrosains N sota%amds such that
to be equal to the nunber ‘of pilot subbands (i.e

Fonsectttivetiilas subbands PR BppesdaamriPbDRN / Rastttbendsy @W@aﬁmre the
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t h I
hhﬂ’g caﬁf‘b’é %%t a>bl§eIS %%Jéx }%—%}@ ﬁ%ﬁeﬁ%%%ﬂa&ﬁny matrix,

Bﬁtﬁeqdah&ﬁeé)cfaﬁﬁagﬁimmeﬂ%ponse estimate HPxl. The Is
I's vector hPxl can be zero-padded to |length N. The
zer 0- padded vector hNxl can then be transformed with
an N-|ﬁ6| nIW'—‘P’E,ﬁ;'t)‘flo obtain the vector H\NxI , as follows: Eq(9)
H NXL VRXNAXI " Eq (10 An S x 1 vector HSxI for the
frequency response estinmate for S subbands of interest

l
Sleh @ ﬁ@a%?egﬁﬁ%ﬁ%ﬂ%ﬁgpﬁfp“%. kel OB, oo be obtained
hen FF to obt ai n_ HSxi 0
D Bt Paheit LETor Binioitial SiguStyetmame oo BJPQE 1
conpl ex operat| ons r. Is reqw red to obtain HNxI .
UP@O@DMCQI}'hﬁéPTOr@dﬂ%btozlegg@N PThe aejo-padied weptyr hml can then be
the rate of conputation is 0.5 BW(P lpog P + N logN) /
Naddiprsnedroith hdd-poistrifH Tatoyobtan GleBidcoy ﬂ@m adeliowdbed
above, HN\x|I can be conputed with 39.38 Mps using
pilot transm ssion schene 300, which is much | ess than
the 43§ Mapw, 1 qé’,qed for pilot transm ssion scheme 200. Eq(10)
[0036]_Nf‘he Teduced- conpl exity | east square channel
i mpul se response estimation described above in

agHg o Igﬁlsl Sug{?@%gﬁly (Do E0hakhor SRR Offiterest may

riodic across the

t ot b ds 2 Th f t
P APy PO T TG A BBE S5 s pove
assunptions_inpose i nportant rest ri.tions/limtations

oA tVeo, jfheicany ﬁPmOEE)T/IC%fyB@r@iﬁn tpjobtain Es@r sone C]:DM

L R LR IY, Sp—

I;Iegu?rteg to ogtgpnaﬁl folio({nee&ﬁsﬁ symboT is' N, =0.5-(P-logP+N-logN) and

the rate of computation is 0.5-BW-(P-logP+N-logN)/N Mops. For the exemplary

OFDM system described above, fl_f,xl can be computed with 39.38 Mops using pilot
transmission scheme 300, which is much less than the 420 Mops needed for pilot

transmission scheme 200.
[0036] The reduced-complexity least square channel impulse response estimation

described above in equations (9) and (10) relies on two key assumptions:

1. The P pilot subbands are periodic across the N total subbands, and
2. The number of taps is equal to the number of pilot subbands (i.e., L=P).

These two assumptions impose important restrictions/limitations in a practical OFDM

system. First, for some OFDM systems, it may not be possible to transmit pilot symbols



spectrally shaped OFDM system no synbols are
transmtted on the guard subbands in order to neet

W@ p@sHe@lo mask requirenments. As anot her exanpl BCT/ES2004/043029
OFDM system nay not permit pi{gpt/data transm ssion on
certain subbands (e.g., zero or DC subband). As yet
anot her exanple, pilot may not be avail able for sone

ot P g an dUgni foRmil e aititited hdrdsr the D k@aenibdiad3n Batdéds@mple, in a
ot her reasons. For these systens, stri ct@A)erl odicity
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yefonAthen exanmie Rileh magypoppe pymla %%amee%@ﬂ%{s&ueéﬁ receiver filter
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agdhae if qy rip absahiedno BB g o Pe() tesSpilReesdal sherdyois the same as
obtain annel gain estimates for P uniformy spaced

AN SERA SR6 ¢ ONardN8) fifeRionReh Bitbritg iS WEDEdrformbAios Ry, or Ay,
al 1 ows the channel i npul se response estimate hP><1to

e cdpimavaxtﬂltwﬁah weﬂgs PThei amourfEFoE. dpadatidn inaghe channel estimate
sel ection rmed on the P el ements of hPxl
Balgﬁ%yﬁmgg%ﬁfﬁg&e’{ﬁg TS9P DHel esti mate.

g@fﬁﬁ?p(’l P AR/ tbdHn f{}ufes HAR 0@ RS ol @BorRE kl?ecﬁv&l'd)fés@fcﬁons described

scribed in detail bel ow. [0038] FIG 4 shows a

lﬂhWeOfﬁlrﬁl extrapoiatios randr dntexpoletion MGObE wsed asg@ecasam {o obtain
F 4

SRS oS TR ST, PSR ERE AR s BB e e i

SpRban s alonts R e ERE BRSPS P B 18 e gtrived with a

Hovvever pilot synbols are transmtted onI on pil ot
?ummtnwm h3gcoad.ctanrislegtiomman hespasfosmedippdheld ¢lements of fip, to

@lft 3 i ety shoR] stinde pinae @%{W&P@'ﬂ%ﬁiﬂ%@"ﬁ@ election

@%eqlﬁaptgﬁ@gﬁmgor sinmply, the "inactive pil ot
ands"). The receiver thus obtains pilot synbols

f[@ﬁ38|] he EIG 4 shpwb ot usifitrvapilet sraasnrissipn Isehenzsy ABG|fer pospectrally
sﬂaped %M system. For scheme 400, the P pilot subbands are uniformly distributed

across the N total subbands such that consecutive pilot subbands are spaced apart by
N/P subbands, similar to scheme 300. However, pilot symbols are transmitted only on
pilot subbands that are among the M usable subbands (or simply, the “active pilot
subbands™). No pilot symbols are transmitted on pilot subbands that are among the
N-M guard subbands (or simply, the “inactive pilot subbands™”). The receiver thus
obtains pilot symbols for the active pilot subbands and no pilot symbols for the inactive
pilot subbands.



pi |l ot subbands.[0039] FIG 5 shows a process 500 for
obt ai ning the frequency response estimate L | S HNxI
WO e00506M870M 1 el ess channel in the spectrally sheEEUSIORNA3029
system An initial frequency jgsponse estimate for a
first set of P uniformy spaced subbands is obtained
based on, for exanple, pilot synbols received on a
60390d SEIG.08 skaviabapescesss 0D farrobpdihiap the feGuEns$ iresponse estimate
bl ock 512). The first set includes at |east one
% ae RO twitelek uieshdl Mntthe peceily Srbed OFKDM istedi. An initial
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or final frequency response estimate (instead of th

e he | filtergsly Fos @btais gohighere guality tehpnned esimaten(thodkh él6) A final

gléél}ai(rcﬁg;?oglcg lseg r@%%n%%e[he [v? ge[l%sncﬁfaﬁ%el Stﬂ%eﬁved based on the

r(ﬁB@zem)e uhfiltére@)p thamatleinhtde te@pdnhe eSipastt r(alobly SSBﬁpFﬁtenng may
DM system Initially, received pilot synbols ar
@!fpab%ﬁ%ffqrw i the datial, or finab fregumsy fawonsa ?ﬁtlﬁmat%&mstead of the

S
AETARAAN-ERL kB o COBIE L BN BRI T 31
hoE4l onFIG.e6 shaves ae;;iecpﬁb proceyaTH) for(dbitainingBA& freqidrey response
output of block 612 is a Pact x | vector HPcXl for the

ientithital FI{,; én denpyctralphase! @EDMBystert. otmm:ngr Raeived pilot symbols
active pilot subbands. Extrapol ation and/o

iare: elytpiobdifardlac: asteverior setrhandawith @de%@wmlasmndbio@krélo) Charmnel
channel gain estimtes for Pext subbands w thout pilo

t2An sofi(s;Jatordths dhit 136HvHBIRfSUPBInls kars thepn. emvecrm@sed on the
out put of block 614 is a Pext x | vector HP xI for the
iredetvied|pilot egnissic blocsPIR)s hiervutput of blvek €12 dg a thex Pexttor H  d
subbands wi thout pilot transm ssion. The Pxl vector

Hibx 1thé dinitiahefréquichéyal refpromsel esstiynatee Sporthe Bgit iaotitee Iﬁlot slabbands

ni formy spaced subbands is then fornmed L itiit
&é‘%@ lé‘ﬁgll% ﬁ@%g}tﬁgﬂ) a@%ﬁ A %R %Wésasfqﬁﬁ?ﬁsi‘rﬂeto\@%‘l‘% r‘%‘amel gain
?E thattd i1, Shbials witBodk pildiRrshsiistibh tm&egeﬁbeﬁl%ew %block 614).

ock 616)"." The channel gal n estimate for each of

plhl ;U@tﬁ*ﬁgi;%gg{m b1 fleg iped; bazgd ﬁ@"xle i@k iBitfaf BRIY&ERy response

estimate for the Py subbands without pilot transmisston. The P x1 vector 1:1_:',:’1 for the

initial frequency response estimate for P uniformly spaced subbands is then formed
~ init

R . n_init
based on the channel gain estimates from the vectors H, , and H, ,, e.g,

A init ~ init ~ init

Hp, =[H; , Hp 1" (block 616). The channel gain estimate for each of the P

subbands may be derived based on either a received pilot symbol or

extrapolation/interpolation.



extrapol ation/interpolation.[0041] A P-point IFFT is
then perforned on the vector HPxl to obtain the Pxl

wo ewsoe4shpx| for the | east square channel i npuPGEUS2004/043029
response estimte, as shown i, equation (9) (block
618). Tine-domain filtering may be perfornmed on the
channel inpul se response estimates hPxi for nultiple

o} m & %S@%Eg%?‘o?% thofl SEHBREES b Yo Pt By Rhlginytbe Pl
ep

omtteg or erfornmed on_frequency response . .
veatomhs.e Sorithe leat gaeHe PhgpupEnpdss feThoBseeastime asshovedn equation

&%It db&&eg](ﬁgr Lr?ﬁ’g%lgén%é&ﬁ%%&ﬁl%f glt‘l}’ Pl)(%%{ qr}gpleii?cgi ﬂ}%hg}?n}é?l impulse
Is The v AP [ " "

P ﬁatzéééé Jirg )98]? utalS DEPNSRRPRR 4t Sp s ¢ Bgre’ @ity channel
L5 0 O LS R R AP0 e peroncs

eh&raedncy TEypoi® dstifates stedtofimpealsé spertse @RdhatednThe (filtered or
N-point FFT is then perfornmed on the vector hNxl to

- ahfiRdrad)t %tdt?@ﬁxloincl'dl@éb Pf @itriésfor fli tpk, WhagUefiClypically less than P.
response estimate for the N total subbands (bl ock

?ﬁé)ﬁe E%%g’gg% ahéLrddatRE Pg! ééléc@n;gggw;psmd RiREH 6l%ero out

. . xtrapofation can be u t o "obt ai n channel
SthAnBEt thpR ta6 deb@Tbell MRIIW (Blobkt l622). S TeRapatRlind &t aléd @erformed to
| ocat ed anong the guard subbands. For a function y

Shiai) the NRENRRr $EL 0BF the Hahne® SmpHsENBHIROLRIANE (Fodeb24). An
of x values wthin a known range, extrapol ation can be

ﬁé&&f ﬁfﬁtthg%é&fc%g%éd\éﬂlt%ev cfr l?m tH Miﬂﬁ%ﬁjrq@h Offor the final

KAown Tt an annel "estThation, X corresfibnds
mq&ﬂc?&e@H%%%%¢pymewfo% Babvads @isdkaReR! gai n
estimate. Extrapol ation can be perforned in various
manners. [0043] In one extrapol ation schenme, the

xtirapelation erpplagne f or each inactive pilot subband
is set equal to the channel gain.estinpte for the )
HdREst Brrrhloek B4 Bt FISG b crrabelatiqmo path usqd 9 gfyaip ghannel gain
Ltirs e pi % af) 10bREd FBR Rd SutiBhfds. F
)%étlng&? %g&g %H%%Pﬂgtgslu%téé&gts [ matae 1foor s%ﬁgaggl GS%M,A sb is 5. rora
tfinetibhr st fAa) | wheneid st of yhtedun, is amelilabde fos a b of astalues within a
active pilot subband, as shown in FIG 4.[0044] In )
&nowh eangex extegpolation 6an be Headeto astimatehan yaluedar #n x value outside of

(tet%et | ncgavtvrel3 rBnge. eaﬁcotl] éh%ﬁﬁéli &sBmation, x corresponds to pilot subband and y

corresponds to channel gain estimate. Extrapolation can be performed in various

manners.
[0043] In one extrapolation scheme, the channel gain estimate for each inactive pilot
subband is set equal to the channel gain estimate for the nearest active pilot subband, as

follows:

. H(s,) for s, <s
As)=1 ” Bq (11)
H(s,) fors;>s, ,

where H(s,) is the channel gain estimate for subband s,, s, is the first active pilot

subband, and s, is the last active pilot subband, as shown in FIG. 4.



pi |l ot subband is obtained based on a wei ghted sum of

the channel gain estimates for the active pil ot
wGaobaedso | f the nunber of taps L is | ess thaPCDUS2004/043029

equal to the nunber of active{pilot subbands (i.e., L

< Pact), then (in the absence of noise) the wireless

channel can be conpletely characterized by the channel

g8U4a] estinmbaer botagolioncthent:, fid Hanselhanegimatoforteaeh inactive
extrapol ati on, each inactive pilot subband is

adelowbbansis whtained besedheitt Wpightedisugr ofthe chwichgaip gstimates for the
coeffi.ci.ent.s n ef fl.cl f.qr: tiV i

SO5bLA SThEraP T RShHE SFlnb, LERELARRpuf ke mumber of
REeZRIoR sFHau8s (i BheL e Npaehdaid e /absénes pohéikt)ahe fdieless channel
the.i'nactive pilot subbands may be expressed in matrix

tai e a@mpletkelyodisaradibrived 1Gp thePclidnpel, gdif) dstidjateshfor ehCactive pilot
is a Pext_ x Pact nmatrix of extrapolation coefficients.

Fedhunds. THIOT fifairapelatempiaeh 1BHEVERUM SUPRI sepsspgpted with a
| ati i [ PAN agkeh acti :

TREARR, S OF ckllaBAME Shottiie buk RAGEY FiZClon active pilot

wiitshaad,G wiserdl tivh noeffiendf ngyabd suldeendesr awd-zera xvdlie.  The

is a cejli,ng operator that provjdes the next higher .. .

ehE oA PO oRcoh o Brcte Heh SRR n s b b in matix

it ggfﬁw&em is typically small if the number of

guard subbands is small. For exanple, the OFDM system

descri bed above may have only 10 inactive pil ot

subbarf® (i ce. b A&t = 10) out of 512 pilot subbands Eq (12)

(i.e. P 597" there are 80 guard subbands (i.e.,

G =280). In this case, the conputation required for

Stereap0! at jop pdoep Nkl aktapoldlich @asEiciaRpUt at i onal

conpl exi'fy.” Th& cdfiputational “conplexity can also be

eshsged ExPhivhbéd ¥t E’é’mf?l;@}? topbfatibig réq[hﬁ:e@ byt 89edpalatien ih Gquation

use a subset of the active pilots. T0046] The

rapol ation coefficients.can be fixed. and deter@ilne .
Zﬁ)llﬁ ﬁ)ect '(afllac.t e. ’hewgpgﬁﬁﬁmg}vedglgg g* gs @?ﬁtte: (r{l OR[ sllAcWﬂere G1s
as | east-squares, mnimum nmean square error (MVSE),
A SALQ L Fildkd kEFbRhdS SMAr Pyﬁt’ei)étar SR Abb&Rtor hat provides the next
coefficient matrix Cp p may be defined as follows: - =
Gigher inteder Eoi( 4.5 T @igb¥Pof ihctive FldPaabbands irs the-syetemi i typically
of WNXN. In a practical system the matrix W XLWPat XL
wanpllpé the mumbsh of teuaidesrbbagdsi Ehsmalhnd of kxemplee the OFDM system

%%%teg ta. &L r%];ythgge only 10 inactive pilot subbands (i.e., P, =10) out of 512

pilot subbands (i.e., P =512) if there are 80 guard subbands (i.e., G=80). In this case,
the computation required for extrapolation does not greatly increase computational
complexity. The computational complexity can also be reduced explicitly by restricting
the extrapolation to use a subset of the active pilots.

[0046] The extrapolation coefficients can be fixed and determined offline (i.e., pre-

computed) based on a criterion such as least-squares, minimum mean square error
. . . 1
(MMSE), and so on. For least-squares extrapolation, a coefficient matrix _(_Jlfwxpm may

be defined as follows:

Wy s Eq (13)

Is _ H -1
'QchtXPncl - 'W'PmXL (W_meL WPquL) o




inverse of this matrix may face nunerical stability
i ssues. Li this case, a correction termmy be used to

w@edosa643ond the ill-conditioning problem and BCT/US2004/043029
nodi fied | east-squares extrapgl ation matrix Cp 7s xP
may be defined as fol lows: i \ T/ TYX?7 i N CWT

1 W W Wd, Eq (14) where d is a small correction

0 [ 0047] pF L r atio kGt &nt :
A5 O30 BT RN, PO o 5378508 ] e i

Honeiln o v B inisag o it MRS s U coppputation ot

synbol s;..and, 77 is.a fact . ri . npj

Frnar i Pfrend e aREb i SR RofRE oY BuS B ok tgHon tem
ﬁﬁ?_sde%e&% agt gropad aeiiesondhhingaprobRns ehe el mddified least-squares
optim ze performance. The factor h is a scal ar
eiktedpolatiyn WeyrialCel, ,Danasbelddfmedps faifors: per f or mance. The
vector Hp , obtained with Cp xP is an MVSE estimate of
the channel under the assunption that the taps in the
time-¢ofmi yre rrwl at egrgngyar e of equal energy. Eq (14
Equat i‘d’ﬁxp"('lg P%l’%gg_vzrf{g‘g"fﬁﬁ% tﬁzﬂ@;?‘g“covari ance matrix 109
of the noise vector np j for the Pact active pil ot
SiHeRARds b SmhilGodré@idhifhotoat ri X. Equation (15) nay be
nodi fied to account for this autocovariance matrix if
{00475 KrasrMMSE betrapotationg b .copfiddf} natriy o€, gnotmiegrbe defined as
extrapol ati on schene, the channel gain estimate for
@ésltiwst nactive pil ot subband is set equal to zero,
i.e., H=0 for < and > . The extrapol ation may al so be
performed in other mgnners, and, this is within the
scope G ot Feri WeentWon. (/A ¥l €D f unct i onal Eq (15)
extrapol ati on techni ques such as |linear and quadratic
extrapol ati on may be used. Non-linear extrapol ation

wéietenivgthe sigraltoziciss tgto (BIR) ofthe scervad pilgl ymbels; ped
general . framewor k of equation 2). A pilot
transi S BAOERIFE AR derk W%Eﬁsé%?gtmg the active

pi |l ot subbands uniformy across the M usabl e subbands.

[im thehabsemase, SNR tiefopohtien, gn mayybeakewsidesedisead parsmstar ghat can be
channel gain estimates for uniformy spaced subbands
wleetpdhto opsinpEe ReINTEABEM b ERUEctoT Felsigcalap ayaptitnmayalpo e used to
performed in various manner.s, simlar to that

L)

dptmideledfoahmoe. The vector Hy ,, obtained with C;"%; is an MMSE estimate
of the channel under the assumption that the taps in the time-domain are uncorrelated
and are of equal energy. Equation (15) assumes that the autocovariance matrix of the

noise vector nj ,; for the Py active pilot subband is the identity matrix. Equation (15)

may be modified to account for this autocovariance matrix if it is known by the receiver.

[0048] In yet another extrapolation scheme, the channel gain estimate for each
inactive pilot subband is set equal to zero, i.e., H(s,)=0 for 5,<s, and s, >s,. The

extrapolation may also be performed in other manners, and this is within the scope of
the invention. For example, functional extrapolation techniques such as linear and
quadratic extrapolation may be used. Non-linear extrapolation techniques may also be

used, which fall within the general framework of equation (12).



for extrapolation. In general, extrapolation and/or
i nterpol ation may be perforned as necessary based on

w0 b@sagmid abl e recei ved pil ot synbol s to obtai PICTOS2U0€043029

gain estimates for P subbandsjuniformy spaced across

the N total subbands. Tap Sel ection [0049] For bl ock

622 in FIG 6, tap selection is perforned on the

Ve RHIBF tridphisdien Seeart mgoawt tdinsbidterthé hetntehpﬂtﬁeéubbands uniformly
i mpul se response estimate. The tap selection ma

perospiheeM Hbleapbinds ndnrfbiscasy, oe@molthndﬁ%y @laaybe used to obtain

esjful%crérgatge h%ﬁ Iﬁg&g Ifr Elﬁgdzﬁlgg @?&ce va u es RX? tﬂﬁe :MLu%agllgssubbands.

dﬂletliilerpoiatlehexsay lid”;&lnfmeﬂned iﬁhmrms hmnnbr@xdlmdmntoahalsde@cﬁbed above
el ements, where P > hi s etermnlstlc
o extrapalatiorn éﬁeen?rﬁle eﬁrmqlate rptemolgtion gpay,bg performed as
r r .

%e_@es%ﬂ'g %g%g ﬁ?&hi?\éﬂl‘%@%ﬁ&%dﬁﬁﬂﬁ Eygﬁelr?dggﬁrdobtﬁﬁ @h&ﬁﬁ%&eﬂﬁ Estimates
tfoweP bubdbandssupuferely sphesineekoss tiEuN setak sabpawise esti mate
wth L taps can be obtained (wthout loss in
performance) by assum ng a channel with P taps,

it a P-point | FFT, and truncating the |ast P-L
taps. This has sone beneflts in certain situations.
[f0049¢ X anPbreblot 622 n PIG. 6, tapeseldetion iepatorardasethe vector hl,x1
channel i npul se response estimte can be derived with
tsblectcgomduagps foortkd chimanelf impilssfrespossd-estinzatel Mbe tap selection may be
co r}qutlcﬁﬂ the last P/2 taps. |Is [0051] hi another tap
PEIRERTOH VAEARTRY™ M el enents of hPxi with I OW ener gy

DRSS SpeCRT ety B aFagre RBY B FReofssimate b, i

energy is likely due to noise rather than signal .4

éwe;a@pd tOALch]ﬂlé% Itke T dansddhe wirglesseehennel. vihetviseler &y, contains P

%L%/% %8 § = apgorg% Szgt%lglgllngt?f:t taS gﬁpg}/%?sgg ?ﬁ%grs‘t £ elements
fezrredtoa "threshol din Th threh
zrﬂm%ﬁﬁm tFdhat &80 ﬁaﬁfai%rdoréam ] B ™9, “Clements are

nners
ERR SRR S ﬁ%%%a%&éﬁ‘ﬁﬁannéﬁé ioSﬁsr g} esimat
ayithal $apks @hleby abtdined (wRhout e¥s it perEneRnte) by dshﬁmﬁg a&-)hmfél with P
channel response). A relatlve threshol d can be

émw@m&g édPaeintHEFTe agd trttvs@ta}g die lylePdgdgpsendpigyhas some
néiﬂg Fllp %&JPES}I kx? eFdd 1S &Ei P%t her! Bt MS8& sﬂflares channel
reshol’d ensu ) the

ere atlvet hat

tﬂmp&lsh PespoIg dstmant c@hetpredl&mﬂ \xmm ﬁmmoampmﬁmhhbédeﬁts of the FFT

recei ved ener(,[qh and 52) t he
and not computing the last P/2 taps.

[0051] In another tap selection scheme, the elements of ﬁsxl with low energy are

~ls .
replaced with zeros. These elements of h;,, correspond to taps with low energy, where

the low energy is likely due to noise rather than signal energy. A threshold is used to
determine whether a given element/tap has sufficient energy and should be retained or
should be zeroed out. This process is referred to as “thresholding”.

[0052] The threshold can be computed based on various factors and in various
manners. The threshold can be a relative value (i.e., dependent on the measured channel
response) or an absolute value (i.e., not dependent on the measured channel response).

A relative threshold can be computed based on the (e.g., total or average) energy of the



el enents/taps that are present but wth | ow signal

energy are not zeroed out. An absolute threshold can
wheoosoesod ed based on the noi se vari ance/ noi seP€¢T/082004043029

the receiver, the |owest energy expected for the

recei ved pil ot synbol s, and so on. The use of the

absol ute threshol d forces the elenments of hPxl to neet

SRR niHuleéTedpdhiteestithaty. dRHe Use obthelrelafivé1@eeshdldensures that (1) the

t hreshol'd can al so be conputed based on a_conbi nation

direshobding ois usadddapspdeng| ot ivadations dbdhe Jﬁ@l‘quir é%%éy gand (2) the

t.he I b

eI, fir Pt RERD e Ay Bef A BT ut. n

abgb ity rthitsliol@ aagt beatrapuuted blaeedeqm ahe tmlsarvagraﬁad/mlset flaor at the

a predeterm ned m ni num val ue. [0053].The threshol di ng

EerRivsE the lomesshensrrexparied Ry tharrserved pilpt symbols, and so on.” The use

t hr eshol di ng schene, the threshol di;ng i s perforned

af ther absplate huesbald; foFpeate AagBls of mlegs@éeta@meﬂp@mum value in

| h. ) .0t her wi

RitlF 40 hpyptainef. \Bpiogshold comalsb 48 EDYHEbSed o 3 Guibipation of
fackor§ B EE BrSrePhiife raﬁela%&dtevmﬁéah@lag OfFoP)éxEl’ﬁﬁle the threshold can be
truncation; \h(n) \2 is the energy ofthe n-th t
bbmpbtﬂed [Haged en tiee gy g§ thast chameelchmﬂ@l rersmmb @étlmate and further
res r ta and hPx| 112/
SRERERA € e dRb o ettt A PRRgis Mg mipianti varte

053Fnt sThebseshdlding! dad bepetBEmEDIWRiouy BzhAérs X 26k theesholding
e ua to the sum of the squares of all of the elenents

hedbreglolding iy mfamed piterdheirpegation gyd magbe expressed as:

threshold is defined based on the average energy of
the L taps% The coefficient a,is selected based on a

trade Igf ét weerdompi(gl’ sapphesli /dn 3@)d si Qnal Eq (16)

del et her. val ue for a provi ) H‘m se
suppressi o ]jrg’ﬂ)? FI?BW Pfcreases the Iikelihood of a | ow
si gnal energy el enent/tap bei ng zeroed out. The
COEffI,\QsI ent. a can value within a range of to

hra =) h(l)rhehffhr bdhovlere s laptsB e e&eiqn?ﬁe@e replaced with
based on the t ener g (instead of the average
ener gy) forzerloﬁgy?ff? ‘%l Thpul se response estimate

hPx| . Aéps sltgéhl?er Qethft%)xed or adapted based on

(1) t €9 ng and’nodul ati on schene or
rate of.st ta stream b dulated(2) a
error &énﬂge Pefnergzaeﬁ@@ g%%‘} Impiise regmeRye e%lrle&ﬁéitheotr taps; and

rate (BLER), or sone other error rate performance
requi reeifBeg 17 Hindy e tirgdhoddbmesd o hero ophilomnenteegyselements/taps.

|x||> is the norm of vector x and is equal to the sum of the squares of all of the

elements in the vector x.

[0054]  In equation (16), the threshold is defined based on the average energy of the
L taps. The coefficient « is selected based on a trade off between noise suppression and
signal deletion. A higher value for o provides more noise suppression but also
increases the likelihood of a low signal energy element/tap being zeroed out. The
coefficient « can be a value within a range of 0 to 1 (e.g., @ =0.1). The threshold can

also be defined based on the total energy (instead of the average energy) for the channel

impulse response estimate ﬁﬁxl . The threshold may be fixed or adapted based on (1) the

particular coding and modulation scheme or rate of the data stream being demodulated



consi derations. [0055] In another threshol di ng schene,
the thresholding is perfornmed on all P elenents of
Wopoos/06487€®. , Wi t hout truncation) using a singlBCT/US2004/043029

threshold, simlar to that sh in equation (16). In

yet another threshol ding schene, the thresholding is

perfornmed on all P elenents of hP;d using nmultiple

iy £ Dhodrls ra ERyapadket eorf #afeS{PER); 850! diroraite (BLERGor some

for the first el enents of hPxl, and a second

toHfres seredTdTHePepeIaReg FegpireRent) sad/or (33 yeme pther cppgsrnefers and
.. The second threshold may be set | ower than

%&rég{‘fglir% ™t hreshol d. In yet anot her threshol di ng

qoo8s5)e, Inhendthérethedhdidig schepey fihe niedstaidiagliy gebfortheédton all P

P- LIs gll enments of hPxl and not on the first L

eleanme & hIhd o, Wigmhotrahsagompsiee siaslt diredld, Ringildres that shown

manners, and this is within the scope of the

iim egurtion {16). 0056} afdthershisshiildiyg ischened, ithes thir¢sbaldingy is performed on

wi rel ess channel that is "sparse", such as a wireless

@ldhelements odl hyp cusingmbltipleathrdshaldslc Het exswgtle m fivdt thpesheld may be

wi rel ess channel has nmuch of the channel energy

GOAT fitthe ied T elefr@mst@@;;, BAGR dedthCDASIRIONG bk As@ for the last
resol vabl e signal path with different tine delay. A

aks I 50 n '
PSS aPaANP " ol Bl ey Lo RLEl B ot
$h §B@inoRRE HFedMBMiREschameShe REHhbRINS: & PHBARRTH &ty tf last P— L
weak or non-existing signal paths can be zeroed out.

[R0RAls d:foﬁsxlbﬁlﬂpl!&t 248hd firsfl. Glenfen@ ATy tﬁfééh(ﬁaﬂxgiéfgaﬂe%erformed in

6, the channel inpulse response estinate my
fotheir eraadersaridtRistis withiah@scope 6T thg idvendopass fil ter

ch as a finite inpulse response (FIR filter, an
ﬁﬁ?ﬁ%i t e%i’fﬁﬁiﬂl B2 i Wplb suited for mywirelgss ghanngt thabise ‘sparpdy such as a
ey ] :
P oL B R s L R SRy Ay channel s
sarcpl e jheochaaneloerccgyu sacehirdtbd rin (felvi @hs.peidchrtap corresponds to a

steliEhlecr A BB ith AfFersapon Rl AerRRGE DB ingludes fow signal
bandwyeh iough thé %lfefa' @?erad'(ﬁl . ﬁﬁléﬁkﬁ%ﬁg) %@&dgﬁzgél Ei%nal paths

I
Characteristics o hé w rel ess channel .” Ti ne-

fondyt g ilarge. mélheblepy eorfrespoeding dép aveak alryndneexigghsigizgh peths can be
the channel inpul se response estimte across multiple
ols. The sanme or different filters may be

ggﬁm‘ ?feFéﬂTrﬁlgH@FﬁSOﬁl bite 5 hadmedcki 6P S FIGESP MY Bhannel impulse
response estimate may be filtered in the time domain using a lowpass filter such as a
finite impulse response (FIR) filter, an infinite impulse response (IIR) filter, or some
other type of filter. The lowpass filter may be a causal filter (which performs filtering
on past and current samples) or a non-causal filter (which performs filtering on past,
current, and future samples obtained by buffering). The characteristics (e.g.,
bandwidth) of the filter may be selected based on the characteristics of the wireless
channel. Time-domain filtering may be performed separately for each tap of the
channel impulse response estimate across multiple OFDM symbols. The same or
different filters may be used for the taps of the channel impulse response estimate. The

coefficients for each such filter may be fixed or may be adjustable based on detected

channel conditions. Performing the filtering in the time domain has an advantage in that



coefficients for each such filter may be fixed or may
be adj ustabl e based on detected channel conditions.

weensossrng the filtering in the time donmain hesT/E82004/043029

advantage in thatthe pilot suppands can be staggered
in the frequency domain (i.e different sets of pilot
subbands may be used for dlfferent OFDM synbol s). The

RAGUR sibhn@S cil bOktaseshhipindBe fequmel 'dbm‘éd’he('ﬂ ef, A€fferent sets of pilot
channel has an excess del a é]Hﬂoreadsé e., t he channel

isnphandemag bp aaed o slifferent Tihg stgeeningyefpilopsubbands

n e Jiat
5 SEAEL s B BT R R BRAE B s Ly B plipugh mputse
pédpehiseShis balaﬂgthpgreateldmdrl Bytapd) a gy eharingl infdsd tesp@ise Retimate with
may al so_be perforned on_the initial or final
g bty taps sende elpingdvath thorpididgnal awd] difisent pileg subbands
[ 1
PR SBgRAtnd ! 3AEAMChg 2R ERF 3R RiPhod X8 ROdptil or fna
tiequaeymédspoiise atimatesess point 700, a transmt (TX)
data processor 710 receives, forrmts, codes,
[ a¥es and nodul at es (| e., synbol maps) traffic
ovi des nodul ati on synbol s (or si npl y, "data

gﬁ@i sse%l(% hé) 5.2 bggﬁfg% ?%1‘91 &‘%%Iaf:getss ngﬁ@ and a terminal 750 in a

@pé&ﬂaﬂfé shaped OTEVD sgéteﬁFEQM thy @Ao@hEnk @abdeﬁmptﬁhtamr a rdfkmit (TX)
mul ti pl exes_data and gl | ot synbol s on the proper
sia@u@rﬁ@%ssorp? Wy regeiyen formgal codas,ateaipavesy ang srodslates (ie., symbol

SR AR BEAAAS l DeA s s, Ao

MDMdnocEﬂatbr ﬂZ@mam\tes aydt’pﬂjcems/t}imedaa dﬁhbols ymdb pilot symbols and

pilo synbol a S|g val ue of zero, The
éﬂ %gk% AP ma@ulgfebz%%%ﬂﬂpé@% Hafrnd pilot

gglg‘hong: DI\/PK?E% \%b é'ﬁg;gbﬁ Anger ng%a?s\fé]tluec Qf‘%blr&ulﬁilfgéaléh unused

$ybﬁmnﬂ,sandaqbtmas alsnF,oﬂN\Aramsmlt synibblspﬂoeﬁeadN (sﬁmndwfbmeach OFDM

R B SO el L SH id G AR BPilRy ybol, o  signa

SRR Zerc3Y ThE lpﬁof Syrhhisls Eﬂa?eoed&?ﬁabﬂ aHﬁVé"ﬁﬂ@tnsu'Nbﬂﬁisnﬁs shown in
| FFT to obtain 'tTansformed" symbol that contalns

tF|I(&e4d 6le pilag rsw@olscﬁmbmdmtl entnuaatly inygachdDFM symbol period.

SR e B R E R R a8

&pﬁms@ﬁt@%mgbm@fl x and is used to conbat del ay
Lﬁ&; ead in the wireless channel. [0060] A transmtter

91 ( TMYEPM, pdpilstasi A28 Sfues ans saghhget of Netpnsyfit symbols to
gi:e%e domain using an N-point IFFT to obtain a “transformed” symbol that contains

N time-domain chips. OFDM modulator 720 typically repeats a portion of each
transformed symbol to obtain a corresponding OFDM symbol. The repeated portion is
known as a cyclic prefix and is used to combat delay spread in the wireless channel.

[0060] A transmitter unit (TMTR) 722 receives and converts the stream of OFDM
symbols into one or more analog signals and further conditions (e.g., amplifies, filters,
and frequency upconverts) the analog signals to generate a downlink signal suitable for
transmission over the wireless channel. The downlink signal is then transmitted via an

antenna 724 to the terminals.



synbols into one or nore anal og signals and further
conditions (e.qg., anplifies, filters, and frequency

wapmsnwsrd s) the anal og signals to generate a POWIE100k043029

signal suitable for transm ssilgn over the wirel ess

channel . The downlink signal isS then transmtted via

an antenna 724 to the termnals.[0061] At term nal

f6éb11an ANeAARAl 757 ahWRRIMEF5S RReiYeyMNeidotmEhe 9%}1211%@ provides a
provides a received signal to a recei ver unit (RCVR)
TetiveReigial ¢o aursceivasunit REVIR) o4 ( Reegiverfutit @p4 conditions (e.g.,

lifie and frequency, downconweits) t.he received.. ..
3B e e, SRR o b BHAR B St dirh SEEA i pitizes the
conditiefed AphaDPbdRREPIal 0An CFDNIaTEOAE1atdie7 56) e bobes the cyclic
prefix ap(i)ended to _each OFDM synbol, transforns each

peeien appgndadatnsrelh AFPMysyaboL, tt@%@ﬁa@m pachureeri yeddeensiformed symbol

. Nt ER L . f or
PR AR el bty sl BPAGHR O SHRLNER SRR Sl for he
Rusbande Sor each VOHEDM | 9int®y nixdlod, Rhdnpovidek oredeived pilot symbols
processor 770 for channel estinmation. OFDM denodul at or

7R (£, theprdcessor 1780 dow esnaclf gsarpabocy 0¥y odeseodulator 756 further
estimate H\NxI dn for the downlink from processor 770,

&JcfvR5 IBf6litleAloy REPSHMe AlstiPBO A L e fhemei dessigRt
gyr?‘g%igs t%ﬁobt}g?égpdat a slyrr‘goT‘Nélé“ti mat es ?ﬁlhlgghfogg grocessor 770,

psifoiid @5taOderhdtiildtioansA the adcdindda dsty "EAMBols t@btain data symbol
provi des the data synbol estinmates to an RX data

SPigaess oyhigis gre qymadas-ofihe danswited Jatasaymbels).candsprovides the data

' , I S ' v t
St AR o AATRR g SR 758 80 BB Mot
i(T.af §yintboll dedaps)héeimerienssiang deyoddsh danvgbel &HmMARS to recover
and RX data processor 758 is _conplenentary to

t he
prootasariie Byliersit mbhePrcssingly QkdM degiedalagy o6 s9grRX data
Blbesshf 9883 B meRlar RS 850 POFDRP Biqutator 720 and TX
dhia paadessoe 7pd, redpestinzby ratl sccassbaietr 706r s channel

ecd T eiBsSiorn 0781 Pina iy GECFiRE Ll Y PGRar (e active pilo

BERRASSEN HQRRk & Bt 38 1RAL B I . :
uni formy fjép};déqgld subbandgﬁ%ﬁzsﬁhggh 1??ItG eg%&%b%g?)rg?essor 770

petfommss eitrgradaions ahdfor tinterghdationi ak)necderiyv és ebthieashannel gain
%%Q%ﬁﬁrlt?ﬁqur &ﬁ@&%ﬁﬁo&%&?@@%&@r&k}%ﬁ?{? di(.‘j %etilg,imrtn & Afs pilot subbands

| epents/ta f.hPxl . dn and.derives the final L.ds

Frre eI EBL TS ci s BARGITRNIEY GFoPPRE REtRD e, o the
for the downlink. [0063] On the uplink, a,TX data

dowokuls perfods top seleeismsior thefR elemdntsdarsred Iyr, aviand sledusehe final
synbols. An OFDM nodul ator 784 recei ves and

el fidriol esPEndeltetislateallSy DL the N subbands for the downlink.

[0063] On the uplink, a TX data processor 782 processes traffic data and provides
data symbols. An OFDM modulator 784 receives and multiplexes the data symbols
with pilot symbols, performs OFDM modulation, and provides a stream of OFDM
symbols. The pilot symbols may be transmitted on Py, subbands that have been
assigned to terminal 750 for pilot transmission, where the number of pilot subbands
(Pyp) for the uplink may be the same or different from the number of pilot subbands
(Pan) for the downlink. The pilot symbols may also be multiplexed with the data

symbols using TDM. A transmitter unit 786 then receives and processes the stream of



with pilot synmbols, perfornms OFDM nodul ation, and
provi des a stream of OFDM synbols. The pilot synbols

woreapshoessfr ansni tt ed on Pup subbands that have PEBNS2004/043029

assigned to termnal 750 for pilot transm ssion, where
t he nunber of pilot subbands ? up) for the uplink may
be the sane or different fromthe nunber of pilot

boRdB )geﬁ@atetah daNBigh MK whidhqs &hﬁs%méwﬁ%sani%a 752 to
also bé nmultiplexed with the data synbols using T
ttheapsaistport. unit 786 then recei ves and processes the

TP ATRERET B8 001 PRI LR 548 iRl 930 s ceceived by

Reiefha 72006d] prdtessal B§ Sa P&efer 1R, 740 e 'éB{ahﬂ Isarﬁpggl al An OFDM
fromterm nal 150 is received by antenna 724 and

gemedulson Tt thepcrerssess thei sammpips mad apewides seaepied spilognsymbols
44 t hen processes the sanpl es and

%D%g U| G or Zﬁ etmach e the poligksi )An dpta processor 746

nbol rrat es, for .the uplink ta processar
em?@s@% Sm‘éoloeaflglageﬁﬁga?cow A R s R —
t75@ff| c data transmtted by term nal 750. [0065]
Processor - 730 perforns channel estinmation for each
40065y e t Bnopdsnel 7Bf)apsnfths m@amltémeimapibh nﬁ)rasadhomivé nterminal

ggﬂwt}rkgnacpr? ‘g}lgélﬁ gs %me LEr H%y gjlg)f na s may transmit

o6l B6RUrrsRyE of fth® ubBhk %ﬂbtlﬁéﬂi* %s HRY sssig%d @b!soctf pilot subbands,
subband sets may be interl aced. For each termnal™ m

p\fm@%@mﬂom@bha@dfsgﬁs@asehc reipdaceti dforasadi derminal m, processor 730
AR B AP S
o S A P B i+

the term nal based on HPxI up, psgrfornms tap seI ection, o initn
aquiré ghatvel iopulsé mespandei entilmate dglyendyr thespomimel based on prl’up,
estimate H\NxI up for the terminal. The frequency

t I
e S N ORI Pl B,

dul at i or. that termnal. [00686} Processors, 730
g‘ﬁgﬁ af e?::{‘ %‘ﬁ‘éueaﬁléfeéi’%“ﬁ egimaie s s plF Archgninglds provided

I[oeblgbllq\/?demodulator 744 and used for data demodulation for that terminal.

[0066] Processors 730 and 770 direct the operation at access point 700 and terminal
750, respectively. Memory units 732 and 772 store program codes and data used by
processors 730 and 770, respectively. Processors 730 and 770 also perform the
computation described above to derive frequency and impulse response estimates for
the uplink and downlink, respectively.

[0067] For a multiple-access OFDM system (e.g., an orthogonal frequency division
multiple-access (OFDMA) systemn), multiple terminals may transmit concurrently on the
uplink. For such a system, the pilot subbands may be shared among different terminals.
The channel estimation techniques may be used in cases where the pilot subbands for
each terminal span the entire operating band (possibly except for the band edges). Such
a pilot subband structure would be desirable to obtain frequency diversity for each

terminal.



750, respectively. Menory units 732 and 772 store
program codes and data used by processors 730 and 770,

WO e@pectsivel y. Processors 730 and 770 al so perPCr/Ims1004043029

conmput ati on descri bed above t? derive frequency and

i mpul se response estimates fof the uplink and

downl i nk, respectively. [0067] For a nultiple-access
SYSTRIMKAnE. estiRH LG |de§&rﬁ§b‘dq{é§é{ oy iR lement

mul ti pl e-access (OFDVA) syst gﬁ@, mul tiple 1tlera\r% na ﬁl?emen ed by

iYesious sresns. t Emr%@m@tmgseowCMQuaspmam ke Eoplementad an hardware,

th i].ot b d
SPRVERL At A e RiicR BERAE S KER A R g AR e SRE iom g, awoessing
ABits BeeduRe dharhel afRationensy b Bnflemetited Wal@ de Bpﬁmﬁ’@ﬁﬂbhcauon
termnal span the entire operatlng band (possib

Ly
SReciin integratedecitrmity (Addes) digiiat isignap mmqemmo fabBs), digital signal

T et p—

gsﬁel aiflys QEPGAG)T Prétessdrel esmrallees] miereédhtidB¥rsPRiicroprocessors, other
npl ement ed by vari ous neans. For exanple, these

@k@ﬁﬁma (s ﬁﬁ@lg%i forpsirEvnthe eﬁmqﬁlonard@mwéd hersin, Qaraecombination
eréyfCOMbi nation thereof. For a hardware

i npl enentation, the processing units used for channe

8069t i Bor m(ytft\bﬂelm‘]pﬂ@nmtﬁtmd et dHannelnestinration rt@:hmques may be

i cation. sp C|nte ratfed circuits (ASICs
gggie{ngp ted; ‘616}5' ?d”sfée(g%r ﬁlra:ltlgpsf,aa}ndsqogﬁ@ that perform the
(BSP.
54300 0 (oML 40 0 ..
preowey soits 732 ant 74 indilS, 7hamt execand bylal processor (e. g. processors 730
' ot her elec roni c,unjts. desi ne to

g}é‘? 1r7 @ﬁnofﬁ*ﬁzﬁ'%%&qngﬁgayotéeg %ﬂl’t%wglpw th%prog ssor or external to the

BRIERESOA lih Whid@ESRcan bO @&'ﬁﬂnuﬁfé‘,ﬁtré’el%$ @M B the processor via various
I npl enent ati on, the channel esti ion techniques nay

Bémnmﬁﬂékﬂwweulmﬁ@ﬁ modul es (e.g., procedures,

0] pendtS R LRl SRR G 4038 daposipe cortan

SediiBAI ThewdiHeadifgare BE MRENAA R Uisni¥ B 2Bk Sﬁé’aelcenE {%\ described
7) and executed by a processor (e.g., processors

gheeeiny Poyer, 7R thesenseycentsi mayrhgvebeprbephibiein @hel‘v\ﬁeph@m; throughout
ﬁﬁ%nﬁ&?ﬁ;%&%%%lo%r external to the processor, in which

case It “can be connunlcatlvely coupled to t he

(007 E'S s OThevpravivay dedtisptiodeoTshasist1ssddnamboditerdth & p2b¥ided to enable
[ 0070] Fbadlqgs are included herein for reference and
1y essonn skifeditinn thec ettt i anakec oy divs. thehprgsentemypntipn.  Various

oﬂlfﬂsﬁ 101‘asntfoecﬂgs%%n§%dhhéﬂt§ Wil Be SEARG aBparkiGo HRAEIRIRA in the art,
escrl e

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.

WHAT IS CLAIMED IS:



therein under, and these concepts may have

applicability in other sections throughout the entire
w@p@siob4scat i on. [ 0071] The previ ous descri pti oPCDUS1004043029

di scl osed enbodi nents is progpded to enabl e any person

skilled in the art to make or use the present

i nvention. Various nodifications to these enbodi nents

will be readily apparent tGLAANE®: skilled in the art,

and the generic principles defined herein may be

applied to other embodinents w thout departing from

the spiritAQhetBSPPRestimatifg al FOGRBAYORspoBY Of a tifless channel in a

present invention is not Intended to be limted to the

et ewicREUENICHiOMAYHERIOMIBISNG s to be accorded the

w dest nd, novel

oot e 0B) eGPl gnle Rl R8T Rt AP YRumitormy
shacefl subbhatd lﬁtfsecﬁ%hldmaﬁndn Gath ENOEHENEY J QeBADSE Of néh-uniformly
mnreless channel in a wireless comuni cation system

® ubbangs, Bhewi Piihgn apegd greaer thes puerimy if asproveseof two, and
@%%M ﬁx%%et cfldcfe§ % 1§§stt ésd%bgﬂ& {u% ﬂ%ﬁﬂd ?ﬁﬁedsecond S &

ased on C anne galn es or a secon

set aferivimg- wrntithedomyins pleneel hiplsn dspondeeestinRid Jortkhe wireless
one and is a _power of two, and

integer qgreater.than
%@ng?ﬁegﬁ’é‘t ¢ pitgal g’éﬁu‘?nﬁ}f Fesgesepetimatgsindone subband
not 'Jéﬁk/ﬁl%ééj Fh{ﬂ f &ngﬁ@testuﬂgt% 'oﬁrff ?% V@lréllaﬁechqm%r:lsed on

channe se re se estl mate e wmrel
thmdmnaelmmsksdrmponsleeesﬁmaﬂel al frequency response
estimate; and deriving a final frequency response
estimate for the wirel ess channel based on the channel

i mpulse 1 egRANGRoESE dIBE £ further LBMpRBHBod of claim 1,
further con‘&rl sing: deriving the channel gain

est i rdgriemgfthe chanpelgapestimsias forf the sedvad dst dfasbbhndnbased on pilot
o} ceiLve the s ands in the second
g‘@k’ fs§eé/e’|5f1€§ Orrrlt=:t¥l %‘g’le?%&ng?eiﬁei?n%gr ein the deriving a

ti me-domai n channel inpulse response estinate includes
per f orm ng]i a P-&‘gl nt inverse fast Fourier transform
(1 FFP) ¢ of| clgime duatherein depdpdeng st timgtdontain channel

lﬁgﬁﬁéﬁﬁé&? Qﬂﬂﬂ%hl yl se response estimate. 4. The

re| n the deriving a final
f r eqyeifopningspOMpeint inverse fast Fourier transform (IFFT) on the initial

frequency response estimate to obtain the channel impulse response estimate.

4. The method of claim 1, wherein the deriving a final frequency response
estimate includes

zero padding the channel impulse response estimate to length S, where S is an
integer greater than or equal to P and is a power of two, and

performing an S-point fast Fourier transform (FFT) on the zero-padded channel

impulse response estimate to obtain the final frequency response estimate.

5. The method of claim 4, wherein S is equal to total number of subbands in

the system.



estimate includes zero paddi ng the channel inpulse

response estimate to length S, where S is an integer
w@e@aners7a han or equal to P and is a power of PEDUSHN043029

performng an S-point fast Fedrier transform (FFT) on

the zero-padded channel inpulse response estimate to

obtain the final frequency response estinmate. 5. The

net hogl of chatigetdod Whelldin 1S vikrenutk fist tset atclodesbRrsubbands

of subbands in the system 6., The nethod of c| ai

1 )
whifmeiynsabed fnprg Noefel pubriie ¥heredt s SAeRNd i mﬁ%subbands in
d N | i
PR oL TRl shfEnE M e Nitbandh ShE Wholclif 1A RIS Bhbbands are
A sk sndNasdssubbatiswher ei n t he M usabl e subbands are

a subset of the N total subbands. 7. The nethod of
claim1, further conprising: performng extrapol ation

based~on t ﬁe.{n%ﬁl%h\()?glaﬁh|19Fur§1¥f‘&9ﬁ1§'is‘il%:°bt ain at | east

one c%anne gain estimate for the at |east one subband

not i pafatdes extrapolation besed arethe raerivadreitadismbpls to obtain at least

initial frequency respon esti ma i hel.ud

e el He doh o aL sanpons DpbehdBOHEFRGH By B second set
. i hhed TRy Sesidnsd estfpdtlindudaltibe aolcati édt channel

%ggggkoﬁlpﬁé recé?@ed gilﬂg}synbols to obtain at | east

giie estiaaeel gain estinmate for the at | east one subband

not included in the second set, and wherein the

initial frequency response estimate includes the at

| east gone. THBAMAIRIG FRianas firfiRE eomPrisidgie et hod of

claim1, further conprising: obtaining a channel gain

est i mperforing énterpolstion pesedton hedece RS 3RO l5fe diptagh at least
a_channe ain.esti T

Fof FBer SER T (L basD ol Aitaha S pERAe B thelaond oct
GhaRNReis Fhe irksdli freuendyoresmst estimbtheneltiddseths tat deset one. channel
subband based on a wei ghted sum of the channel gain
gamiasamet. f or t he second set of subbands. 11. The

met hod of claim 1, wherein the channel inpulse

response estimate includes P taps, and wherein

sel ectoed omMde ndthddef cRitalp Surdree camprisiog:zer o.

obtaining a channel gain estimate for each of the at least one subband based on a

channel gain estimate for a nearest subband.

19.  The method of claim 1, further comprising:
obtaining a channel gain estimate for each of the at least one subband based on a

weighted sum of the channel gain estimates for the second set of subbands.

11.  The method of claim 1, wherein the channel impulse response estimate

includes P taps, and wherein selected ones of the P taps are set to zero.

12.  The method of claim 1, further comprising:
filtering the channel impulse response estimate, and wherein the final frequency

response estimate is derived based on the filtered channel impulse response estimate.



12. The nmethod of claim1, further conprising:

filtering the channel inpul se response estimte, and
wob@see487¢ he final frequency response esti nmat ePCBHUS2004/043029

derived based on the filteredschannel inpulse response

estimate. 13. The nethod of claim1, further

conprising: filtering the final frequency response

estimate to obtain a higher quality frequency response

estimate for the wirel ess channel. 14. The net hod of

clai M3, whesmethod pECckim &y COM R at i on systemiis

an orEpogongl. &i'h@? lﬁ%ﬂﬁ%g;g" Yds5oR Bt 16%6mGin( Phlvher quality
conmuni cati on System  An apparatus in a wreless
SOIRHEY Rapdmes esinsdtefor thowpeless cignnel. denodul at or

operative to provide received synbols; and a processor
operative to obtain an initial frequency response

estimpie fofe Aefhbl %ﬁcl%ﬁﬁ 10fhEethithe irdle¥s sRamafication system is an
subbands based on channel gain estinmates for a second

sietiogohalrfreaueniyfdivision nejtplexing (OFRM)scodununjesdionspFiemhe
recei ved synbols, where P is an integer greater than
one and is a power of two, wherein the first set

i ncl uges apy,l6a8htud R FHERENEbMATNiLALINUISRM, Borthplsing:
second set, derive a tinme-domain channel inpulse

r espoademedtlatnnoperitoie to provideiebeived SitohsiRtbased on
the initial fregl{en % response estinmate, and derive a
fi nal @ PrOSHTEhRF ?bVSE nse estimate for the wirel ess

channel baggginQn ihifie] EEARAEY rdspiisk setin#s farstrst set of P uniformly
estimate. 16. The apparatus of _claim 15, wherein _the

spaced sebhands; based tanephagnelr gain patimates, 4o g spgond set of non-uniformly
extr Latio [ : '
ST OB Thd e B EDROAH SRR ARl P PN e
86 hAdte af ywer g o, lvétrsdin ahe fstbdeaintlndes dtrledshdad suhband not
the second set, and wherein the initial frequency

mebyslen sxtheseGopgdsel i ncl udes the at |east one channel

gai n estimgle,. [1d Siﬁ?ﬁjg??&f%ﬁél%ﬁl Afse %s?bﬂée]e%tim‘ﬁ&eﬂ'oﬁﬂé wireless

the processor 1is operative to set selected
ohesecfasEl brafhs ifidnl frdymendiamenminse agimiade; anésponse

estimate tqQ zero 8. The apparatus. of claim 15,

wher ei n th@e‘b‘fec?c@é%l#q}l?mﬁﬂggﬂﬁ’@?e Bjalg f% ghet ‘ﬁlr'?lle'fstcé\amd based

] estimate, and wherein the
;ﬁ%{a@@g@ Hmhﬂ@é‘%eéﬁoﬂs@%ﬁﬁﬁﬁ&

I'na quehcy response

16.  The apparatus of claim 15, wherein the processor is further operative to
perform extrapolation or interpolation based on the received pilot symbols to ob’gain at
least one channel gain estimate for the at least one subband not included in the second
set, and wherein the initial frequency response estimate includes the at least one channel

gain estimate.

17.  The apparatus of claim 15, wherein the processor is further operative to

set selected ones of P taps for the channel impulse response estimate to zero.

18.  The apparatus of claim 15, wherein the processor is further operative to
filter the channel impulse response estimate, and wherein the final frequency response

estimate is derived based on the filtered channel impulse response estimate.



estimate is derived based on the filtered channe
i npul se response estinmate.19. An apparatus in a

WOW0eess30 conmruni cati on system conpri sing: neERCIHUSI04/043029

obtaining an initial frequencysresponse estimate for a
first set of P uniformy spacéd subbands based on
channel gain estimtes for a second set of
nonuni formy spaced subbands, where P is an integer
greater than one and is a _power of two, and wherein
the filPst <aranpAtEtusdBS veteless semnymicati o bystrin,romprising:
i nclu |t . ond: ; or derivi
time- oe%na% Eorc g%‘ﬁlgﬁ% @@%ﬁ%eﬂ%@%c nlrsefsep sy ieﬁ%flgtgf@: a,Iffgt set of P
Whifeinsly SspadedngidbatiB ded 6n ichenrehighinadstifnatd Ul & second set of non-
response estimate;, and nmeans for deriving a final
el spacedsyyBhansds e WhetgeR & abintesss sifates| thasontanthis a power of
e > .
TRE e it BORRTR RIS JERERRC 350N Pk Riugelin the sccond
ket perform ng extrapol ati on based on the received

pi | ot s‘%lr_lrbgl s,tp.obtain at |east one channel gain .

est i mEAENE &7 (HYIRG 2| RSLOBAR SBBENIRIE TepRanse etimpte for the
R 1SS ERM e Biftked G0 fhe ﬁé%%&ﬂ% fegi?&fs@lastﬁﬁa‘%& gey

response estimate 1 ncludes the "at 1east one ’channe

gai n esmhsrfurelerigihg aTfugel fmgaemtyusspohsa esinmtd Shr thelwidelsss channel

omari si ng: ans for setting selected ones of P taps
%gﬁgﬁpﬁjii%%}fﬁﬂ | 1P EF%SBO]?S@%%W%@' estimte to zero. 22.
The apparatus of claim 19, further conprising: nmeans

for filtering the channel inpulse response estimate,
and wRer ei Ahe Agparatnadf dleigy Ly degher eopprisiegest i mate is

derived based o he filtered channel i.npul se response

cat miitant 35 pRortfe b USlonr B O BisaAt, Pt Svinbols o
bRt €asOénedchahficl | g@iSeshAR L tHeht deadd 1Rl BBBand not included in the
conmuni cat j on system_ conprising: obtaining an initial

$9cont eefe jnd whersinstbe antiplfrqueneyrregpones essimate inghidas the, at least one
WhekEr ailjlﬁstﬁ%ﬁé nteger greater than one; deriving a

t1 ne-domarn channel inpul se response estinmate with P

taps for the wirel ess channel based on the initial

frequency response estimate;setting sel ected ones of

the PZl-aps B apnseatpnefmiam 9niuthes comppgnge estimte to

means for setting selected ones of P taps for the channel impulse response

—

estimate to zero.

22.  The apparatus of claim 19, further comprising:
means for filtering the channel impulse response estimate, and wherein the final
frequency response estimate is derived based on the filtered channel impulse response

estimate.

23. A method of estimating a frequency response of a wireless channel in a
wireless communication system, comprising:

obtaining an initial frequency response estimate for a set of P subbands, where P
1s an integer greater than one;

deriving a time-domain channel impulse response estimate with P taps for the

wireless channel based on the initial frequency response estimate;



zero; and deriving a final frequency response estimate
for the wirel ess channel based on the channel i npul se

WO e@poseo esti mate with sel ected ones of the PPCHPS2084043029

to zero. 24. The nethod of cl Q' m 23, wherein |last P-L

taps of the channel inpulse résponse estinmate are set

to zero, where L is an integer greater than one and

| ess tsb@ing Reledfed ohbBEofMBicl® ehpfofhetiand sl n&‘ﬂﬁ@d’e%!ibdn@@%stlmate to
P-L taps of the channel inpul se response estinmate are

¥8%0; ived fromthe initial frequency response

esti 6. re| S
e qua:‘”%#egmn aef)%ﬂ—egi%%g&gcgfdre ygosngé %%té %te fo%’@g vglye ?sgrﬁhawl based on
Thechmhélaipokse céspmme 23timbte vitedel e dInkS bN@E P taps set to zero.

determ ning energy of each of the P taps; and setting
each of the P taps to zero if the energy of the tap is

l'ess than al"h{e%@cﬁﬁ% b claﬂﬁ 3T Bfhe L r’%éi{sgc%fiﬁgélnlg}nge%/ impulse

wherein the thres flve ase

aéspbhee dtimatesaré st td kmfo,c\hba‘re &lis anpitgee greatsp iadone and less than P.
estimate. 29. The nethod of claim27, wherein the

threshold is derived based on a codi ng and nodul ati on

schemgssel %quetﬁﬂcg ofefim = ve% Ig?atsp 8q Qat Cclfathéncﬁ%nel impulse

wherein the thres I'S ed onrerror
p@pbmermhmateraeqmtr@num frofdthe irial fetjheatty oéspohse extididte.
further conprising: determni ng energy of each of the
P taps; setting each of first L taps to zero if the

ener gpeof g nhétiod Sf 188524, Rdkbréin Tl s¥quiith eaﬁhﬁggot d delay spread
where L is an integer greater than one and han

for thpdystaet i ng each of last P-L taps to zero if the
energy of the tap is I ess than a second threshol d that
is lower than the first threshold.32. A nethod of

esti My ng Tae hicBpdsTeIaimeBP RERr 8dmpristhd: el ess channel
in a wreless conmuni cati on syst em COI’TprI Si ng.

obt ai ﬁF“ﬁgmélmg amergy0f epeleefiibaPyiapsesmbnse estimte for a

set of n reater, th

one; aer | ng "tiEPMBg(E)orrﬁeiPo if aﬁ%eerg§ 8%&1 et eéé,&i‘ﬂ iireshold.
estimte for the W rel ess

28.- The method of claim 27, wherein the threshold is derived based on total

energy of the P taps for the channel impulse response estimate.

29. The method of claim 27, wherein the threshold is derived based on a

coding and modulation scheme selected for use.

30. The method of claim 27, wherein the threshold is derived based on error

rate performance requirement.

31.  The method of claim 23, further comprising:

determining energy of each of the P taps;

setting each of first L taps to zero if the energy of the tap is less than a first
threshold, where L is an integer greater than one and less than P; and

setting each of last P-L taps to zero if the energy of the tap is less than a second
threshold that is lower than the first threshold.



channel based on the initial frequency response
estimate; filtering the channel inpul se response
w@2i0s/e820 over a plurality of synbol periods; BEMUS2004/043029

deriving a final frequency resgonse estimate for the

wi rel ess channel based on the filtered channel inpulse

response estimate. 33. The nethod of claim 32, wherein

t he channel i npul se response estimate includes P taps,

and wherein the filterin erfornmed separately for

each &L thpwthogefrestinafiag arh}f) daHeRsyErSRgneapks viiteiss chamel in a
d of claim 32, wherein

%ﬁgel%sg% Igbﬁﬁgaﬁs’n %asee%mgﬁ{f’?s&%ni te i npul se response

(FIR) obtdifieg awinidsl frafubmiytresponpeibssignatefpanseof{HRibbands, where P

filter. 35. The nmethod of claim 32, wherein the

ﬂ$m&t?&$§gﬁe§tebﬁ’§€&n®n a causal filter. 36. The method

of cl g MRS h e

non- Causaﬁéf?l tre 361{5 ih %mﬁlh% ﬁlgﬁlﬁ% % N éjstl%tea for the wireless

fechexqebbasgd oe sipangml fréqlaanwy reshersss esﬂnamﬁel [ n an

ort hoggnal frequency division nmultinplexing

commu Hchfh %%i] DS EsEPRIe sHpates Pﬁ?} adﬁt“éﬁlm @§ symbol

g,@ & th@l frequency response estimate for a first set

f PuUniformy spaced subbands based on channel gain

est i nalegginger finad cfra‘quamyprelsmlss ysibodts foretheiwieclessrchannel based on
c of. .non- uni f or spaced subbands, where P

%E ﬁﬁ TP%?‘@&&P“B’P&LSF&SPPWB% ®and is a power of two,

and wherein the first set includes at |east one

subband not included in the second set;performng a
P- poi @8- i n\Télﬁslee’fh%s@f FHoign B%,rWhﬁremsth@¢han(1¢1l:1ﬁip)11acrremese estimate

I t.i
RO e RER e AR B Rt FRH G S RPhR Dy Froprgh of L taps
Rretdel D s dlﬁﬁtdgbﬁgfeﬁbrﬂhﬁﬂdhé&d eSsAAASE, estinmate to
length N, where Nis an integer greater than P and is

a power of two; and perform ng an N-point fast Fourier

k L i mpyl .
 eaporde odPE MR S bR AR HARORE | D IRKYES fritg impulse
essipbngt(BTH o ltcr loe axwinfmhte $@pelbersspdnse (IR) filter.

35.  The method of claim 32, wherein the filtering is based on a causal filter.

36.  The method of claim 32, wherein the filtering is based on a non-causal
~ filter.

37. A methoci of estimating a frequency response of a wireless channel in an
orthogonal frequency division multiplexing (OFDM) communication system, the
method comprising:

obtaining an initial frequency response estimate for a first set of P uniformly
spaced subbands based on channel gain estimates derived from pilot symbols received
on a second set of non-uniformly spaced subbands, where P is an integer greater than
one and is a power of two, and wherein the first set includes at least one subband not

included in the second set;



38. The nethod of claim 37, further conprising:
perform ng extrapol ati on based on the received pil ot
W@ 2005064876 0 obtai n at | east one channel gain eBCT/IE1084/043029

for the at |east one subband,got included in the
second set, and wherein the initial frequency response
estimate includes the at |east one channel gain
esti M RmBY alhGolt 1eersof fael Foutid? trafisfornneFFT) on the initial
conprising: setting selected ones of P tags f?n th
frtpenel responses estiweiso it cobiait | #reiae-dgmawy ghanpgl pulse response
g%pc ssor readable nedia for storing instructions

le to: derive an initial frequency response

est i a6 ph@iin@iHe dhatind inpake Fespondeanstigtestpderegth N, where N is an
subbands i n an orthogonal frequency division

Itf]ﬂgﬁtgle@ﬁtﬁgn?@n@%a%mtﬂai% syst em based on

channge ai S{q f :

non- u ‘TIF‘%‘P%%S%{SJ ce e%ﬂtbgangrst?% er eégtri)g)fnatﬁe iz%rto epggcrled channel
B Adcaespdna etinetartobisina fmivieqeiney wespossecstimatefonthe wireless
the first set includes at |east one subband not

fhrspelded in the second set; performa P-point inverse

fast Fourier transform (I FFT) on the initial frequency
response estimate to obtain a time-domain channe

i mpul 38 r eShonsthodsifictirnd7, fether gramprising: channel

|t cqBHTUGE BRI o B U5 TSeTUE ROk gDl g Bfhin atteast
B& Eﬂnﬁgl iNeRRhAt Hafe drsst 8fie sbdasd astinclodd] i theteeond set,
zer o- pa d channel inpul se response estinmate to

aind aiharein fheniaitisl fequennyyrespongo aefamas inghades theat Jeast one channel

wirel ess channel in th
gain estimate. the system

39.  The method of claim 37, further comprising:

setting selected ones of P taps for the channel impulse response estimate to zero.

40. A processor readable media for storing instructions operable to:

derive an initial frequency response estimate for a first set of P uniformly spaced
subbands in an orthogonal frequency division multiplexing (OFDM) communication
system based on channel gain estimates for a second set of non-uniformly spaced
subbands, where P is an integer greater than one and is a power of two, and wherein the
first set includes at least one subband not included in the second set;

perform a P-point inverse fast Fourier transform (IFFT) on the initial frequency
response estimate to obtain a time-domain channel impulse response estimate;

zero pad the channel impulse response estimate to length N, where N is an
integer greater than P and is a power of two; and

perform an N-point fast Fourier transform (FFT) on the zero-padded channel

impulse response estimate to obtain a final frequency response estimate for a wireless

channel in the system.



