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[0004] In many instances, it is only necessary to demodulate a subset of the N
subbands in an OFDM-based system. A straightforward method to process a subset of
the N subbands is to perform an N-point fast Fourier transform (FFT) on time-domain
samples to obtain frequency-domain symbols for all N subbands. The symbols for the
subbands of interest are then extracted and processed, and the symbols for all other
subbands are discarded. This straightforward method requires memory storage
proportional to the N subbands and further requires computation for all N subbands,
even if only a small subset of the N subbands is used for data transmission.

[0005]  There is therefore a need in the art for techniques to more efficiently
perform demodulation in an OFDM-based system when only a subset of the N subbands

is used for data transmission.



is used for data transm ssi on. SUMWARY [ 0006]
Techni ques for perform ng subband- based OFDM
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gain estimates for group p to obtain time-domain channel gain values, which may be
derotated with a phasor W,;”" to obtain derotated time-domain channel gain values. To
obtain channel gain estimates for group m, the derotated time-domain channel gain

values are rotated with a phasor W," to obtain rotated channel gain values for group m.

The time-domain channel gain values may also be rotated with """ to directly

obtain the rotated channel gain values for group m. In any case, an FFT is performed
on the rotated channel gain values to obtain channel gain estimates for the subbands in

group m. Channel gain estimates for other groups of subbands may be obtained by
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[0012] FIG IA shows an OFDM subband stru ; [0013]
FIG 1B showBRIEFBESGRIBIIQNS@kHEDRA based

em [ 0Q14] Fl : : loRanparent
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[0016] FIG 4 shows a process,. for. performn Cﬁ’%nnﬁﬁl t and
drawingain which[liyg rfprepperhagaciarpifendf ‘ioéﬁ?él?ﬂ“f’%%ly gt an

DM based system [0018] FIG 6 shows a receiver in
Y2 B-DM based system [0019] FIG 7 shows a parti al
f@l’l}i er FIGans sksws anOFDMsubbaed sfrstipenf subbands:;
0

8?32]0] 'lz?IICC};‘ lB8 SI?OQ’VOSV\? su%bgr?da QQa%lger%%}ltl fg}a gr?b;FD%;f-%ased system;
[0014] FIG. 2 shows a process for performing subband-based OFDM

demodulation;

[0015] FIG. 3 shows a process for performing partial Fourier transform;

[0016] FIG. 4 shows a process for performing channel estimation;

[0017] FIG. 5 shows a transmitter in the OFDM-based system;

[0018] FIG. 6 shows a receiver in the OFDM-based system;

[0019] FIG. 7 shows a partial Fourier transform unit for one group of subbands;
[0020] FIG. 8 shows a channel estimator; and

[0021] FIG. 9 shows a subband-based OFDM demodulator.

DETAILED DESCRIPTION
[0022] 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
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[0025] With OFDM, one modulation symbol for either data or pilot may be
transmitted on each of the N subbands in each symbol period. A data symbol is a
modulation symbol for data, and a pilot symbol is a modulation symbol for pilot. If
fewer than N subbands are used for transmission, then a signal value of zero is provided
for each unused subband. For each symbol period, N symbols (i.e., data symbols, pilot
symbols, and/or zeros) for the N subbands are transformed to the time domain using an
N-point inverse fast Fourier transform (IFFT) to obtain a transformed symbol that
contains N time-domain chips. To combat inter-symbol interference (ISI), a portion of
cach transformed symbol may be repeated to form a corresponding OFDM symbol that
contains N+C chips, where C is the number of chips being repeated. The repeated
portion is often referred to as a cyclic prefix. The OFDM symbol is then transmitted

over a communication link.
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= S(J%)(k)i- N(Jc) , for O ... (N- 1), Eq (2) where
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Equati,on (2) indicates that the data.s ol S(Jc)
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Equation (2) indicates that the data symbol S(k) transmitted on subband k£ may be

recovered by dividing the received symbol X(k) for subband £ by the channel gain
estimate H (k) for subband k. This operation is commonly referred to as equalization.

The receiver may estimate the channel gains based on pilot symbols transmitted by the
transmitter.

[0028] If the receiver only needs to recover data on one or a few groups of
subbands, then it is more efficient to perform processing for only the subbands of
interest instead of all N subbands. The gain in efficiency is especially pronounced
when N is large (e.g., N = 4096). The transmitter may transmit pilot symbols on a
group of subbands different from the groups of subbands used for data transmission. In

this case, the receiver can estimate the channel gains for the data subbands (i.e.,
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subbands in group m are then processed with the channel gain estimates for the
subbands in group m to obtain recovered data symbols for the subbands in group m,

e.g., as shown in equation (2) (step 230). The recovered data symbols for group m are
denoted as {S, (k)} or {S(Lk+m)}, whichis S(Lk+m),for k=0 ... (N,-1).

[0032] The Fourier transform for the N, subbands in group 7 may be expressed as:

N-1

X(Lk+m) = Z x(n) - S
- ? for k=0 ... (Nc_l)a Eq (3)

N-1

= Zx(n) Wy WA’}"

n=0



e.g., as shown in equation (2) (step 230). The
recovered data synbols for group nmare denoted as
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ASN XN Hopp Lo VWD for 0 .- (Ne - T (5)

Yo 6034] ‘FI'G 3 shows a f1ow di agram of a process
210a for perform ng parti al Fouri er transformto
obt ai n recei ved sy nbols or on rou of . subbands

Whaese &s §1)21Bad0tRe! 16@“&%1@3 efoé?Fal% 9§ ngr‘ihfiﬂrl’&lt sgmple x(r) by

Initial I Ly, the sequence of Ninput sanple x() is rotated
@y"qﬂ“ee'n"?;pla%h?%egﬁéga%oﬁ%é% R M bR

o PG BT B IS0 s
%%%%{ggﬁ glgaggbq%ggsﬁleﬁ gsNgf L rotat ed. I nput sarrpl es, to

ce o ti me-domai n val ues for groupm

P08, oA LGB A SRR T Sl o 1

t he sequence of rotated input sanples, with the Nc

sets being assogiated with different starting rotatezlﬁ
mpb}=§é(rﬁﬁl+es)¥&glaé")sgfqpen@e ka® c-@oimh-FFT is tRed)
performed on the<sequence of N ti nme-domain val ues to
obt ai nNc recei ved synmbols for group m as shown in
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alrning c gai n estimates r the
Fourier transform to obtain received symbols for one group of subbands. Process 210a

may be used for step 210 in FIG. 2. Initially, the sequence of N input sample x(n) is
rotated by multiplying each input sample by Wy" to obtain a sequence of N rotated

input samples for group m, which is denoted as {X,,(n)} , as shown in equation (4) (step

312). The sequence of N rotated input samples is then accumulated, in sets of L rotated
input samples, to obtain a sequence of N, time-domain values for group , which is
denoted as {g,(n)}, as shown in equation (5) (step 314). Each set includes every Nth
samples in the sequence of rotated input samples, with the IV, sets being associated with
different starting rotated input samples in the sequence. An N,-point FFT is then
performed on the sequence of N, time-domain values to obtain N, received symbols for
group 1, as shown in equation (6) (step 316).

[0035] FIG. 4 showe a process 220a for obtaining channel gain estimates for the
subbands in group m based on pilot symbols received on the subbands in group p,
where p #m. Process 220a may be used for step 220 in FIG. 2. Initially, the received
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gain estimtes for the
[ I | st 4)1y.as follows: Hp
%E‘?pﬁ?ﬁ"rf&g%’ﬁﬁ%‘ FEE?Lg\}-p)) for k =0 ... (Nc -
[6036] Eq e mebglagoPoh Keppcdidedipildt kymbols i thet remavbdato dhgain
ubband k in groupp. The channel gai n‘ﬁi t1
c@awbgalareetlrd@tﬁbf@@hea@b%’%iselkﬁl}ouarp Eigpd rr? 1°“(Rh| ch

is H(Lk +p) for k o (JVC- 1). AnJVc poi nt | FFT i s
t.h 3 i
B Cobt AR & P eidhcer S REET Pha. T 15! Jnotey

val ues, {hp(}} . mhlch conS|st of nDduIated"

vEflllerrrg fﬂ@l@?—l pg)ls rlget 09 wzlﬁggolt grat ‘rgosl gg q%qe)ﬁ%:neﬁé) %n %up p]c he Ehaigel
t d h I I t t

st BT Ganp ot Srolras Chnkhot LERHEERTE Rt
derotated time-donain channellaﬁln val ues, as foI

FiCER = D0y 5 By (Nor-1L.2A NepoigylFET yg thes pesgoraeg)on the chiannel
0037] The channel ti mat N

éjlim@ﬁﬁgmwgfog FRORD ade PO 1 FGHIA T db LT IR SRS S gelues.

{h o a?tgcg%ll%&lﬁtéq ¥ak ld%ﬁlam-r&f%n'l:&% ﬁﬁte§ ransform

annel galn esti nat

i %’%% L8 25 S, gt . . e domei

@@C ) namn nl %@g@a@u H:n $ ththlﬁrﬂrgt e? gqﬂ{yi_xﬁgﬂmﬁlgzﬁ?q?&%‘?@( IW_?N"’ g to glglcalerml\ag%guence
g (9) As indicated in equation (9), he chan 1

@fdvardee@auedrmr@sdmm ehrams g elEcs, As SLIOS: Aoy [@'W ", for

obtained by first nultiplying the sequence of

dert.al¥d-1) Gtepddfhi n channel gain val ues {h(}}, by W

to obtain a sequence of rofated ai n val ues
(0938 4@“@; chann%l gam est?mates or the sulcagan%s n g[%up m are then Sderived

from the sequence of derotated time-domain channel gain values. The Fourier
transform for the derotated channel gain estimates for N, subbands may be expressed

as:

H(k) = th(n) W for k=0 ... (N, —-1). Eq (8)

n=0

The Fourier transform for the channel gain estimates for the subbands in group m may

be expressed as:



An JVc-point FFT is then perfornmed on the sequence of
rotated channel gain values to obtain the channel gain
w@sdaosietoes for the subbands in group m (step 4PCY/USL0HF003581

derotation in step 418 and the rotation in step 420
maybe conbi ned, and the rotated channel gain val ues
for group mmy be obtained as hnm() - hp () W"~p)n.
A 8]_ hows a bl ock diagramof a transmtter
%8 cab?b(?é%pstransmtti ng data on one or nore groups
of subbgnds. For clarity, the follow ng description is
for datd nm(@ngsst on, on v grolips (Mf —~3ubbands (i . &q(9)
groups &=t hrough m and pilot transm ssion on one
group ok-subbands (i.e., group/?). [0039] At
transmt éz(n)Sm;@’,"-Wﬁf encoder / nodul at or 514 receives
traffic-@ata froma data source 512 and control data
and other data froma controller 540. Encoder/

dul at gr. 4 4 e : :
Kl 2B L R ey Guip SERE Br (REAPEERIS fn group m can
Y ebtaisebbrfist medtiplgihg det eqssneb of derofated-titng-domaintrhdenc gain
synmbol is a nodulation synbol for a modul ati on schene
wadlasc{/gu) 1t by MEeto oktaip agbeuenemotptatrs chranel sanysiuss (step 420).
val ue for a s][oecific pojnt _in a signal caonstellation

SoMk-@epb RET rigthes Perarmasd Bcthe SoospeEn ArPHFFICDARIRL SaiR values to
L& 1 Blexar, N ESint f a
S B A o b el
ddr6tatiotbavness I undribeipationt ih step g0 maylbemoktbigdde st thg 1@ated
al so receives pilot synbols, P(lc),which are (m-p)n
cioduel gpinovelusp ferogrouk wowey be phipiged ab{, BocABs Wy -
transmtter and receiver, and_provides ese nil ..
1993B1 s HIG- Piahownbbios Sty pbasmm Al gty of Frappgitting

?A(’)tg 8% gfé%ﬁlsrggﬁ: a%g&ﬂsm{lbﬁ’aahé‘. eFQfclARY.Ghé ?olillogxtﬁﬁg deseMpi ik for

not used for data or pi )
d4ta tamnsisdiamnon Mgbps ¢fsubhidids fioxugratmy e Bie@igher)dndailot

the synbols fromnultiplexer 516 and perforns OFDM
WWW%QWW@H&&@M&'&@W dul at or 520

' de ' faAhedRihicanlatdr 38 redeios bfaflo danfrbm a
@gbgndﬁ%?ﬁlﬁ%&gg%ﬂ X gc:;ener atora 524. For each synbol

dein sodtce § PRAhduontrob@Ra andetbératatesiromaqeptplent 340t Facedarke

domaj n ing anN-poi nt inverse,FRT,tp obt aj
ARaRs S S ERE IF Har Ry e o falet Bl Rduptes) dhe
Fe%&%& BitR ah® pRovRRERIs¥ari dF Bfta kPmbEls! {ARFM Edchdlatasyatbel is a
[0

I'p period. Cyclic prefix generator 524 then repeats )
hodlatib0 Byraol dachmbdelnsfrosdrenie sglatted farmsé.oArmadulatiobivymbol is

synbol that contains N+C.chips.. A s ol period..

8 6PIBlEE Al ford inf?élj}'&lno&%t oh S%P”&H&%%@Pﬁ%&"}“%ﬁﬁ% fpe

LS e M LmE R AEEhesS . AN AR TDBRuRPS dHcediiéhate Sream of data
symbols, {S(k)}, and provides these data symbols to the subbands in groups a through

m. Demultiplexer 516 also receives pilot symbols, P(k), which are modulation symbols
known a priori by both the transmitter and receiver, and provides these pilot symbols to
the subbands in group p. Demultiplexer 516 also provides a signal value of zero (a
“zero” symbol) for each subband not used for data or pilot transmission.

[0040] An OFDM modulator 520 receives the symbols from multiplexer 516 and
performs OFDM modulation on these symbols. OFDM modulator 520 includes an
inverse fast Fourier transform (IFFT) unit 522 and a cyclic prefix generator 524. For

each symbol period, IFFT unit 522 transforms N symbols to the time domain using an



sequence of +C tinme-domain chips for each OFDM synbol .

[0041] Atransmtter unit (TMIR) 530 receives and
wQr@sps®es (e.g., converts to analog, filters,PCT/US2005/003581

anplifies, and frequency upcggverts) the stream of

chips to obtain a nodul ated signal, which is then

transmtted froman antenna 532. Controller 540

MbbReinSelsb EFIRE bBﬁathrﬂisfdrfr&dspmbbbthatﬁmﬁtalﬁs Memerdomain chips.

unit 542 provides stora e for ram code d .dat
by o omplKElRESabe g o e CHIpBIRS. LTS Blex
?a)r%{o? ghi) e éép%%%ﬁvlgﬁﬁﬁp SRR akhGoRfedRShiba! 8 f38m an OFDM

base ation to recover data on one

boDihet @netimsN-o€ chipbbAngsbolperiad, coirsspagidata thy, duraﬁ]@n of one
Ilomnng descrjpti

Latheiaisddt ((? Phiiespeiigﬁﬁso fﬁé@f PG atgﬁ g%{f prg,ggies a
@bﬁe@l‘ée §>f W@%ﬁéﬂ&ﬁaﬁ%b@ﬁ%ﬁé’a@ﬂ @F@M% Bands (i .

receiver t he nodul at ed si gna
[004’(!]3 mi At techsimytter maﬂi’ﬁM"ﬁIérS 36aeceives and pm;ag.ﬁ;esbgp gconverts to

ant v ngla?rgéé%}%%e@gc |mv 2 rgf#:&h{pg(gn\feft@ tgF 1ée£n 8? afiﬁ obtana a

lﬂb&h&tb& Sighall Qﬁloh%ﬁieﬁ ansihiseakrofd SMarasine rsraa Gbﬂtralm 540
provi des i nput sanples. |[0043] A subband-based O-DM
dienotsdie apeavaticB tx;ansm]étgsé m@lqmﬂmpné afrp Pryidgs gtorage for

rovi de rec ata s whi ch are estimates

f’grlaﬂ’eco (ﬁ‘ﬁ%gffeg r oﬁsXﬂ%q' by transmtter 500.
foRsazyt he mabe ghéd bE)bl@thraﬁn Efﬁecéiveﬁ&ﬂ@hﬂpﬂblb af pelf@Riig
denodul ator 620 i ncl udes cyclic¢ prefix renoval unlfI

Bibbandabased OFEM demadlation W?OVGB @ata 81 ORG AMBPT S P EY o

T N N T
P A e s ks i o
DRI o9 BB PR TeErver s s AN BB JaPTBFR DY

&az}{ shilifidr 5'66;@ f{eﬁéelvﬁ fi‘f S Qﬁt@?u?a% bhey {apivtr SATREVRES Eesses

or each gr oups ubbands and provi des
@ Upsquehicyr Mﬁicmﬁvbrtsyﬁhelb,sa,mﬁltﬁea(drld)@gltlmsg thetre¢exved signal from
Jc)) for theysubband roups. Channel estimator 640
adeiriagd 2 2RA RFRVIASS ATRTE S&PPRit es for each of theM groups

gfog§1;bb%§§a bR BELd CFTHINEI HRAURRE 20 prdcapuds tlfeﬁﬂpdnt%@mples and
I ovl aes

M groups of channel gain estimtes,

prby)des tdvovergdh dftkismkyls, which aretdsEmptes QBB@rd@tagerymb@és transmltted

Equal 0 t f
a%”%eshé Rrotil et 0 S gat HEFIcg: ERBaf St D
@ﬂﬁoﬂG%&ud@ﬁé éﬂl@rﬂﬁd&@iﬂ@ﬂtuﬂmmna Foeriorermasfoad unit

ol s as shown in equation_ (2), and
630 a channel estimator 640, and an equalizer 650. Cychc prefix removal unit 622

removes the cyclic prefix in each received OFDM symbol and provides a sequence of
input samples, {x(r)}, to both Fourier transform unit 630 and channel estimator 640.
Fourier transform unit 630 performs partial Fourier transform on the input sample
sequence for each of the M groups of subbands and provides M groups of received
symbols, {X,(k)} through {X, (k)}, for the M subband groups. Channel estimator 640

derives chammel gain estimates for each of the M groups of subbands, based on the

sequence of input samples, and provides M groups of channel gain estimates, {H,(k)}

through {H (%)}, for the M subband groups. Equalizer 650 receives the M groups of



provi des M groups of recovered data synmbols, {Sa(k)}
through {Sm(k)} , for the M subband groups. [0044] A
worziosioptoexer (MJUX) 652 receives and mrul ti pl exeBCT/H82005/003581
recovered data synbols for tjeM subband groups and
provi des one stream of recovered data synbols, {S(k)}
. A denodul at or/ decoder 654 processes (e.qg.,
r%@%g WBb&IS andiRie Ml @Fdupa'sEchanaeidzaiteestictesds fohthe Mésuhbanéd

ata synbol stream and provj des decoded dat.a to a a
gaivpk, peEBrmeq@phzativn carthergeiypd spplols ﬁ%ﬁlﬁ’ﬂ@rlﬁteﬂ‘dﬂlo 1), 3na

receiver 600. A neno unit. 662 i.des stear

s derva et s b Sutbely Gl oRouet seatIfdbi e
FI.G .7 shows a bl ock diagramof a partial Fourier
sehbeRd BERS-uni t 710 that maybe used to obtain received

ol sz fRiiPRLerMUR) 652 Budbeds mikiplexdklific ravoberdé data
[gyo‘?gtor 720,1191an accurr%JI ator 730, a buffer, 740,

spbiole $or theMesubband gonps apdprayides ene sﬁrgarﬁtof mpvgmaaatpwbols,
Buf fer 740 stores the Nc tinme-dgonai al yes . ,
{56k)} grfodemedulgior/decedes %prlgqes%eé B g; aﬂz\ég uli?)tg%id%gl?érle)al/es, and
buffer. 740 is set (i.e, il i :
PRt e Tre Vet 86 sybbrGreun o Bio s UeE et Thta b AR ink
634! 1Al QB ller’@d dMebRitRe 6¥r@todrat FRRiver600. pA nesn@gaiit 662

I nput sanple x(n) with to obtain a correspondi ng
providesetoragrior praerasn eodas@y datagsed by gantiolleptitht i on (4) .

mul gy ar 230 Ll ok 163, 5 |
PRt BT ik B o BEARUTO BBkt O
h®) be xRl tEasthinTet e @dsyinbplt fos amepgreux nf supbandsh &gt l0dneludes a

oI 28cmpieemlaea 70 ot BRI 8 SRS SRS B o1 L
t dd 73200 A i 5 u
;g)o {ll“é[a Wefnf)o %Zutfger 946 Liofes AN IEmE Rontaftl Hied, :{%@p(zlt)}a’nf T group

the current” val ue and prov

Lp b GedeB ti®, filRA vatlFess).
Whggﬁg g%@@%%g$8%ﬁPﬂ$% g&g$§%€?4?§%atign of buffer 7%0 L
[0046]t he Riotate-720medeives dha meqgenca of inpudgamles-oh madigplier 722 within
I nput sanple x{), buffer 740 s)r ovides the current .
rotatare/20anultipkiesceoeh Bppbyramer @ B mihoriaim rigiRaRing

and stores the updated value. An dr ess nergator 742
gtatest inpeisamiple Edd) essshpyp 1 Gﬂlfaé‘Pn%o Aafﬁﬂﬂﬁigi}orﬂg’ periorms

i npl enented with a nodul o coynter. At t g}e enﬁl of . eacht. 5
symolatige farsach of the Ve SMe-domaip §EIUES | (B -5 SRR In equation (5).
synbol period have _been received and acgunul ated,. FFET

Yot qaleygxyatgéﬂﬁ)@p saEnpde, X3 (0 8}9 chl{reptljtla%{ﬁﬁ)f ﬁjé:rpflme-ﬁomam value gy(n)
é%/ {C}tg;; gp%ﬁrg(? %@‘Eﬁ‘{r&hg %Sret{r%%d %rémfbru%@r 9216 :fme(f przai(ae& f an adder 732.

Adder 732 adds the rotated input sample X, (n) with the current value and provides an

updated value to a register 734. Register 734 stores the updated value in the proper
location of buffer 740 for the time-domain value g, (7).

[0047] For each input sample x(n), buffer 740 provides the current value for the
corresponding time-domain sample g, (n) and stores the updated value. An address
generator 742 generates the address for buffer 740 and may be implemented with a
modulo counter. At the end of each symbol period, after all N input samples for the
symbol period have been received and accumulated, FFT unit 750 performs an N -point

FET on the N, time-domain values {g, (n)} from buffer 740 to obtain N, received

symbols {X,, (k)} for the subbands in group .



synmbols {X m(k)} for the subbands in group m[0048]

FIG 8 shows a bl ock diagramof an enbodi nent of
w@eb@snedosest i mat or 640, which can provi de chanPel/Uga0F003581

esti mates for subband groupsys through m based on

pi |l ot synbol s received on subband groups?. Channel

esti mat or 640 includes a partial Fourier transform

gr 710G, $shdisatblendiagthmtdfan entbotlinga pf dnnhilespoater 640,
I FF

unit 870, and M parti al trans orm umb
GBI BBOM %1 S for A0k GBI P B/apased on
pblg{ dynfold 1%?%11{7@({ o §1ﬁ)@§1§@%{%\1ﬁ%‘ tCthlﬂg? %?cﬁﬁ&t8€§4(ﬁi561udes a partial

esses € sequence les to obtain N
Foafel tvadfomnnid A Op)@ pildt ki)a}noﬂmluatwmems, 860 an dé-point gF BT pnis 870,

. Unit 710p | t th
cnd O ptir} Kguier HRRETRY SRRAS0R e SR o sl iPbHid frgues.
[6(9 91“ or P%\%%’Iﬂ}&—fe% Rhhs@simt 6t 7T0pecsAdtnE procelses et aqi¥ne of

st ea and provides rotated i nput sanples x
1ﬂpu(t lshhples d)hlﬁmdénméWedtsymbols X, (8B0fomtihet subbimsls in geoup p.
received synbols [X p (k)} with the conj ugat ed pil ot
Uit Pidpsis Bnpletdentep i) tHesambnznnet dsemistvd Arie FI@al, gxcept that a
estimates [H p (k)} for the subbands in roup
ﬁwﬂaﬁ =

rawlHplig732p avifioR REOtHAT 2 Qponnitipliesthe gpuf AR AR
estlrrates[Hp(k} and provide tine-domain channel
igsiead ], pend proviges(rplated inpe samplesty pl()qz) ePllcg-;igmodulatlon unit
derotates the tine-domain channel estimates {hp (n)}
969 mnilfipliesttipreseived symiols dXo /) ewith thergaivgatad pRefHyaibols
gain values {h(ri)}. [0050] Each transformunit 880
PRERLVESIJ difaileh e hatica teait dstimetes (7Bi(k) ) cloatireublaids in group p.
values {h()} and derives the channel gain estimates

BT L{ng%g@ §aﬂ N.bbint ﬁ@@[‘ SR cHNePgaiFadndtéA 18T @) Mand

unit es a’ Itlp ier 882 and an JVc-poin

E&d?ph{el 1@%&[}% Ads W@'QZ SROMuRIp1GF 91PddFbtates the

est rotatedtlma domai n

channel . |n al ue
WA Oﬁ’é}nf \fgﬁtng%g; %'(ﬁg}} Non f?éegwégergﬁagéﬁnne &
ain I ue fronP {hi [ier 882m and provi des NO
&%’ﬁﬁ g?“ég?’uﬁsa sﬁ[H in(k)} for group m
fonseysf o IET:IbIU RhisForBBREt SR (DregeivaABaND demmm Mg-rdonqam channel gain

f channel ti mat H
yedsesclBDA s 1 TeRRE S PSS b SRR 008 Hsdned

F' b eﬁ%c eﬂl@for{ﬁ RS0 TR s A m R 1181'5582| aﬁﬁ%h']\p i FPTGmit 884.

mat i on proceSS|n path to o taln

mhmﬁm&hnsg@mnmﬁsssmmmgmptm 4 mphiplieds @mamuﬂt}pheAﬁleaiﬂotated
exanpl e, the rotated input sanpl (,enns X 112
’amefdagem chaenel rgaint vabjes {Zgnf}bmlth wy" . FFT unit 884m then performs an

N, -point FFT on the rotated channel gain values from multiplier 882m and provides N,

channel gain estimates {H (k)} for group m. M transform units 880a through 830m

provide M groups of channel gain estimates, {H(k)} through {a ,(k)} , for subband

groups a through m, respectively.
[0051] Filtering may be performed at various locations along the channel estimation
processing path to obtain channel gain estimates with improved quality. As an

example, the rotated input samples X, () may be averaged over multiple symbol

periods prior to performing the N -point FFT with unit 750p. As other examples,



periods prior to performng the JVc-point FFT with
unit 750p. As other exanples,filtering nmay be
w@eookoreeesl on (1) the received synbols {X p (ki¢T/82005/003581
t he subbands in groupp , (2)j1the channel gain
estimates {Hp (k)} for the subbands in group/*, (3)
the tinme-donmai n channel gain estimates {hp (n)} for

fﬁfeﬁﬂgha{y Heﬂp\erfoﬁﬁecﬂ&[ ab Aedcdivatesydshols (X CERNfed thgaitibands in

val ues , and so on. [0052] The channel gain

SRl T e cﬁgm%hgalgegtﬁnaﬁy@ ) FEbtneLisahes BEkaip1Eds) the

manner s or exa he channel gain

es ! |gmat es}r%]gm{el &«fﬁﬁ eg‘tﬂg%ha,pg gr o %thgfp Wh@ﬁel‘aﬁtt&‘i' théldomain

IFati’'on on the

han r the subbands in group/?.
(%ﬁﬂggﬁwﬁl%ﬁ£§?ﬁkg&ghg§%F%ck di agram of an enbodi nent
[06523ubbahel cMmebga@Fdethatdata sBBandwintayiatsodrepibitained in
denodul at or_ 620, cy

aleganegrs, Her PRI RS Enn FERRSdot e suifipiyin sroup m
%}%é &t{n%d ﬁg?é}g&]ﬁﬁ% g% %“Dﬁjﬂ aPteRI oMt iesh the BhAREURNE Estimates

i npu to "Fourier transformunit
foBtheanbbanliaimgouest i mat or 640. [ 0054] Fourler
it 630 lLudes arti.al

f
lbh?ﬁi OHRED ot bloSE A SE R SRRk o Sl AR GRDm
%ftortfh@ Mfﬁlﬁﬁ*@ﬁfmgfeﬁwﬂﬁlato%@b @@htz {)ﬁiﬂxFr@llnbVﬁﬁnut 622

transtformunit 710 , where =a .. | emrent ed
meeisdsahe inpot mlesmdﬁgmpmrth@ ¢m§ﬂ3®?ﬁﬁ for pachQDMpgymbol and

an
IPTH}S‘BF g’ﬁ%ﬁ g?/\ﬁftel es ﬁc&'f)gntgg% tuhgletrr% a% ed | n%[?tand
SarRdi stithtor 640.) perforns an JVc-point FFT on the
ti me-domai n val ues {ge(n) and provjdes. received

KW9dHol s Pkullfgrjtqn)s omrun@tr{@Og%%alg ppr,tgab?@m;r trangfprm paigs 710a

St [ 640 ]
@F"d’@@@ ggl Phe 'qui’sgdu {n?;llrbteigg gzgcﬁ escri b ed %@%o@sb rE ach partial
Fdfder Gandbin ﬁih@WlldeSwh‘éia rzne& gaj 13 1m.pielrrrmteelsasfshown #cHG. 7.

of t he M subband groups 055] Equal j zer 650 inc kudes ¢
Fougien treesfomp vaig 7A0{ farrsyb Egr@nm 0§ oyBgRtatipmon the sequence o

GRS oo iregiat e St HRRENRE HEGY) RGRpps an
bemntEty fs?.éﬁ%‘}m few%ﬂ983468@?Wéﬁiag@%ﬁc‘rjﬁ?e%are&bﬁ%rhﬁhlbols
g‘&/&’ﬁh Iforggv t 3’%‘/‘? 3§%|rclfl}ng . gﬁg igsrtm?aﬁglb(?”%i %%A%léﬁlfemed s shown
Pﬂﬁ gﬁrgg%des% Erﬁﬁt ga%ﬂ:g%ezls cﬂﬁérﬂ)eﬁﬁﬁb\‘;@aﬁf Fit (8) hd Bfovides

channel gain estimates for each of the M subband groups.

—AD

[0055] Equalizer 650 includes M single-tap equalizers 950a through 950m, one
equalizer 950 for each of the M subband groups. Each equalizer 950/, where
{=a..m,receives the group of received symbols, {X,(k)}, and the group of channel

gain estimates, H ,(k)}, for the associated subband group £. Within equalizer 950m
for subband group m, a divider 952m divides the received symbol X, (k) for each

subband by the channel gain estimate B (k) for that subband. A slicer 954m then

slices (i.e., quantizes) the output of divider 952m and provides the recovered data



slices (i.e., quantizes) the output of divider 952m

and provi des the recovered datasynmbol Sln(k) . M
weowaliwaes s 950a t hrough 950m provi de M gr oupsPOI/US2005/003581

recovered data synbols, {Sa(ky)} through {Sn(k)} ,

fortheJWsubband groups a through ???. [0056] FIG 9

shovvs an exenplary receiver architecture in which a

s?zn e T e’C{el Ve g‘%&ig%ﬁr%lﬁ 1148 8sh §30m pR&Ilcd@tporiH P Bdddvered data

s and channel gain estinmates may be

S?/F\%?ES ?%Sk}%a“hg’%%%p@?@? e B S PR
s gak FI%H FREI08r arfifitedfi@d Hewhiek aRlgke-tap

gllkelhoo rati os may be conputed for the
dquekiiey éclissy fdradash date /srdrban&eThmmqen@bd saihbplesnd ehenael gain

N g L g
ﬂkgfo‘ﬁhé‘d £ 9 theRB8Ed Ry fihoRaK it Ble chnel ﬁlnteﬁtﬁ’ﬁ@tﬁaﬂrm; another
annel estimation, and OFDM denodul ation (or  sinpl yb )
0lS

emmpheaiug-me@@mmm &M@un@tbwmnué%ﬁ@ theasgeiveghsym

%@%ﬁ%ﬁ éla}xﬁ]%l g%ﬁ]ﬁ%{)éfa eishégl C}ﬁ? Lﬁﬁg r[}ﬁié/%\él gc}e\égerd' bl‘gfl\“lhc’l"urbo decoder

BBURrAve ptpRaNds, only FFTs of size Nc are perforrred
and no FFTs of size N are reqw red, The rot ?tl on and

WOl aihﬂ tashnigues desmrieaddisaeinl fgmstioammgpagial fepne tragform,
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pér rnmed at the sanple rate, 1.e., on each input
fortid M sabbant] gasupiswas bapetftreneddn parabiel to Aeidsatya bntfering.

T e P S350 DY i
[ RiNEn rﬁ’ﬁﬂtgﬁ%éﬁ (@D RH ek Rﬂ%hu&eﬂa@dlwar-éh weieaRAs|

gai n esti nat or each subband group are t ai ned
[S8H oProdessisadelay ecplerncduastl sise dteam@cﬂlonuaﬁé agfwinadlafion for
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FGBA i, LY fﬁ%%i%‘ﬁﬂ%*;! e forcech

dayrRad bbb MavaBahiviad besh RavenhReOFURESmibet ¢k deosivéd) evithout any
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jne

pdditioresl delewt The chmnel sainestianies ¥ eash SHRRS 2rquPFER 8
Lgseed Sélrjlk%l?eaga% reaﬁ'e[%l%e IR erbftdd4ffe-domain channel gain values, {h(n)}.

Thus, the channel estimation for the M subband groups may be performed serially

without requiring additional buffering.

[0059] For simplicity, the subband-based OFDM demodulation techniques have
been described for the subband arrangement shown in FIG. 1B. These techniques may
be used for other subband arrangements. In general, the subband groups may include
the same number of subbands (as described above) or different number of subbands.
Moreover, the subbands in each group may be selected in some other manners. The
only requirement is for the subbands in each group to be uniformly distributed across

the N total subbands in order to attain simplification in the FFT by decomposition into



t he same nunber of subbands (as descri bed above) or
di fferent nunber of subbands. Moreover, the subbands
WO poosarde3yr oup nmay be sel ected in some ot her nRAOMESERN5/003581
The only requirenment is for f{he subbands in each group
to be uniformy distributed across the N total
subbands in order to attain sinplification in the FFT
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NR recel ve antennas to
feREOVE Eyrithts fhathd genpb of subbdids fepthet aitenmao Spatial mgomwng is then
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antennas to recover the data symbols. The spatial processing may be performed with a

zero-forcing equalizer, a minimum mean square error (MMSE) equalizer, or some other
type of equalizer.

[0062]  The subband-based OFDM demodulation techniques described herein may
be implemented by various means. For example, these techniques may be implemented
in hardware, software, or a combination thereof. For a hardware implementation, the
processing units used to perform subband-based OFDM demodulation may be
implemented within one or more application specific integrated circuits (ASICs), digital
signal processors (DSPs), digital signal processing devices (DSPDs), programmable
logic devices (PLDs), field programmable gate arrays (FPGAs), processors, conirollers,



type of equalizer. [0062] The subband-based OFDM

denodul ati on techni ques descri bed herein may be
wo ppsen®es ed by various neans. For exanpl e, thrGBUS2005/003581

techni ques may be inplenentegsin hardware, software,

or a conbination thereof. For a hardware

i npl ementation, the processing units used to perform
sSieRbangonas et bt e tihatelcotroniyniie desigred te perdam the

w thin one or nore applicatjon specific integrated

fenations descripel lessin, ¢f @%‘ﬂ?lnai}oﬁﬁ]é?r%focessor s (DSPs),
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0 2Rl BARERLARIAE AP dEd ODM domodiis
teinRquas fay e (Pledehted witcmedwles(e.g., procedures, functions, and so on)

controllers, mcro-contr Elers, nicﬁﬁfroc SSOrs oth%p
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ddatroll 650). 0Fhd menniqussmanhb anplapeeted mibin the Proogsenpeexternal

to s raRBE otV HER B HLapgr e e e bubd to AEELRHor via
x%ﬁ&ﬁé%’é%a{s'?s&mﬁﬁeﬂﬁjt (e.g., memory unit 662 in

and executed by a processor (e.g., control]er
[066)]. THoe pravinuy deseriptinagf the disejisedramb % proyiied to enable

rocessoy..or.external to i: ich case
2 TeSa kB S kgt U B BESRSyeh p Reeu oce
MadifeMfordBa e sembsditaB@erviil be kdilgapparfid@6 #osd kidlled in the art,
previous.descpiE;ion of the discl osed enbodi nents i% hout
prdghe gentric prispialss dohngd hsaes ginyde appled {orpthiemhogipegits witbow

ke. or. use the..pr t bV i.on. i . ion is not
SR BBy RSV R, B ot ppin
ARRAEER bd lomitdiDpehs ibodithehts shéwen herein tan ik tofbe ageorded the

princi ples defined herein. e applied to oth .
witlssigeapmeonsigfenhwith t@éﬁ&%ﬂ%ﬁr"&ﬁ% gﬁ%t“ﬁeﬁ idﬁcﬁ’SS‘f fl%r &8pe
of the invention. Thus, the present invention is not
intended to be [imted to the enbodi nents shown herein
[0eb5) s WHXT IS CUAIMIEDHS: wi dest scope consistent with
the principles and novel features disclosed herein.
[0065] WHAT IS CLAIMED I S: CLAIMS 1. A net hod of
perform ng Fourier transformfor JVCsubbands anong JV
total subbands, where JV>Nc > 1, the nethod
conprising: rotating a first sequence of JVi nput

sanpl es to obtain a second sequence of TV rotated
i nput sanpl es;




accumul ati ng the second sequence of JVrotated input
sanples to obtain a third sequence of JVCtine-domain

wQ ad0ap03nwherei n the accumul ating i s perfor nedpé¢DUSBaFIN3581
of e sets of Z rotated input 1sanples, where N -L =N ;
and perform ng an JVc-point fast Fourier transform
(FFT) on the third sequence of JVC tine-domai n val ues
to obtain JVCfrequency-don@LAIMS ues for the
JVCsubbands. 2. The nethod of claim 1, wherein each of
the JVinput sanples is rotated by nultiplying the
| nputy SanpA?ﬂe\m rbr;f eiformifth $oGridr tkdi‘lsﬁﬂm' fBQNXst‘BﬁndsrbﬁlongN
i nput ‘sanpl e i Frrst sequence and mis an index
tbat s@bandﬁpamelregv BN} >t hahe mﬁﬂ)loddempnbnng VC subbands. 3.

The nmethod of claim1l er a .the J
el daisdngadst 94isnehof JERESTABLP SippRaecy Sewgmoe of N
rgfa@mgggtesgqlg,[bg starting with a different rotated

I nput 4. The method of claim 1, wherein the
JVin mmbuma}acphg theaeeoridgequamee of Nholgtadanpitsagnlen éyjobtain a third

s\%lq,\éellfz;s ggﬂl ; I l ex| n;ggéﬁ, g'\/lbe e@gemﬁ%%&vﬂﬁe&g%ed%r each of
FYSRReS fophted iﬁgst]sgé@ll’é%bﬁﬁ% N5-L I, it hod of claim 1,

wherein the JV d5 i nclube every Z-th subband
Ao NGy dfiRming £ Bl-pdintas Fésrietrardfor 8NPFETY bt shecthizd adrjuence of N,

to perform Fouri er transform for JVCsubbands_ anpng
tine-clomlainsvablirsriel obtainn¥y fseqpencypdomain velyes &5 sag N gibbands.
conprising: a rotator operative to rotate a flrst
sequence of JVinput sanples to obtain a second

sequepce oTheMembabéelain puivhaaimpaels phithe A mpnidaatpdas is rotated
operative to accumul ate the second sequence

°f§»\uf5§%@t 6 P o BB 2 2P0 | ot RPN R e o
AT

ffpindsuni t operative to perform an JVc-point fast
Fourier transformon the third sequence of Nc

time- dorrai n values to obtain N frequencydomai n val ues

for t ﬁu DA% ol m/l\n@%ﬁ{ @ataig %g ﬂ%g\vcasgis%élﬁ’des every N,-th

perfornFo rans rm .
rotated input samples in the second sequence, starting with a different rotated input

sample.

4. The method of claim 1, wherein the N input samples are for one
orthogonal frequency division multiplexing (OFDM) symbol, and wherein the N,

frequency-domain values are for N, received symbols for the N, subbands.

5. The method of claim 1, wherein the N, subbands include every L-th
subband among the N total subbands.

6. An apparatus operable to perform Fourier transform for N, subbands
among N total subbands, where N > N, > 1, the apparatus comprising:
a rotator operative to rotate a first sequence of N input samples to obtain a

second sequence of N rotated input samples;



anong N total subbands, where N >Nc> 1, the apparatus
conprising: neans for rotating a first sequence of N

WO pan7®ahpl es to obtain a second sequence of JREDUSL008003581
I nput sanpl es; means for accygul ating the second
sequence of JVrotated input sanples to obtain a third
sequence of JVCtine-donai n val ues, wherein the

accurgal aabhaiilatos op&tfies wedcimulaeabbsabnd Momens otV totated input
rotated i nput sanples, where N -L =N ; and, nmean

a@@m%ﬂwh@whw@ewﬁ@ o Nefme-g e vAtyesnWhg ﬁ‘cﬁeﬁ}mulaﬁon

S Brdor fach SR N JS bk rotMeh s SRR R RE EB N and
8. A nethed.f u&?s&'(trﬁ{ (FFFI%D fﬂ%ﬁéﬁﬁv@ﬁtﬁe%hh% N pot fast Fourier

commihidat 1 on Syst e rising: performng a Fourier
teamafesiannthe tial ssqognea o Npfimierdontairs vaipésde obtrimht fequency-

received pjl g y Is for a first group of subbands;
Q%ﬁ%?ﬁﬂﬁ@“% QAL 'of channel gain estimtes for

the first group of subbands based on the received
pil ot synbols; perform ng an i nverse fast Fourier

t r anst.or m Ah EFiaratomopdrablé fo mrfcgm&;pm@f transdoraefor daspbbands

est i tes t tai c i channe
aons MardeuBords o AERE e hedonkafR PR
chan W%Earﬁ%f‘ro‘{éﬁnlg%sﬁlﬁt%eq@érﬁb of 1ﬁ1b11t%hm§l%§ tesistainaef second
rotated channel gain values for a second group of

sqb@mnﬁwrat&ﬂe@epﬁtcﬁampiﬁg a fast Fourier transform

FFT
v al U )elglg%}gt B%cguﬁlu atlﬁg e S%Q%Bﬁ&#@toﬁ N n%%ﬁ*ut%@fnﬁles to

SithinBhRe sé endd o 1¢.atasdogaiawalues, vshﬂnhﬂmhisac@umﬁmaon is
met hod of aim8, wherein the Perfornlng the Fourier
perfomsied fon aanh; pfilessty oft arataied py saplesn vacst Vi HpgdV ; and

2 e NEP TSN CBOBH P oS FSUT Ly PBdae e
§eﬁ¥1§‘nc% of . 'ﬁ% (tloqﬁialh @Qlldte? RUBRi ﬁ%@u&fé&-@bﬁlaﬁl §£ﬁ’ééefﬁlctﬁe N.

2 46ma I nput val ues, ére L >
adbhadsm ng a fast Fouri er transforn1on the sequence of

ti me-domai n i nput

8. A method of performing channel estimation in a communication system,
comprising:

performing a Fourier transform on a sequence of input samples to obtain
received pilot symbols for a first group of subbands;

obtaining a first group of channel gain estimates for the first group of subbands
based on the received pilot symbols; performing an inverse fast Fourier transform
(IFFT) on the first group of channel gain estimates to obtain a sequence of time-domain
channel gain values;

rotating the sequence of time-domain channel gain values to obtain a first
sequence of rotated channel gain values for a second group of subbands; and

performing a fast Fourier transform (FFT) on the first sequence of rotated
channel gain values to obtain a second group of channel gain estimates for the second

group of subbands.



val ues to obtain the received pilot synbols. 10. The

met hod of claim8, further conprising: derotating the
wa@egaenmaes of ti nme-domai n channel gain val ues tPBPCDDBZN05003581

a sequence of derotated tineqgonmai n channel gain

val ues, and wherein the sequence of derotated

ti me-domai n channel gain values is rotated to obtain

the fg rst ™RGWER6EDIaND8 atledein izpreforpaigihe Fbuweer tfapsform

the second group of subbands. 11. The nethod of claim
igcludesr t her conprising: rotating the sequence of

time- ' ' P& ' faféd input

sequggggﬁgghe%gﬁhggog E‘he gai ﬁb\g/?lﬁgigécﬁhgﬁceiﬁ?hi rd P

@fple, of subbands; and perform ng a fast Fourier

transformon the second sequepce of rotated channel ..

gai n asapeletng @F‘é‘?‘?’i“’%loflf??#@{wﬁ‘% CSe TS f%ed mput

. i ' RinQhp&WaRREdSherd 2 > TThAd

S%e&ﬂéoggttogﬁ)t%ﬁgise SPE%Q@E?EQ%M fII’I‘St group of channel
gai n pesfoimitgesfasts wipicnirarsiormyomile seieprhef EaeHompin it
recei ved pilot symhol.s with a conjugated pilot synbol
Y?E‘Fqsé‘éﬁ]&tﬁg‘ithﬁrﬁcsx'tgﬁ@ﬂ?te%’g}tb\?gd pi l ot symbol. 13. An
apparatus operable to perform channel estimation in a
communi cati on system conprising: a Fourier transform
uni t Yper athemethed péelpin K Arther OmgristiZanst orm on a

sequence of j.nput s 1 t ai i f .

Sy nborasi e 8B hRTB R fmdll Byl S50 R B blin
a8 baiabtageti@tdématrochabiic igainavahies stndgieengin diie sequence of
channel gain estimates for the fjrst %{’%ﬁ{; of. subbands £
draeteted dne-demypia channsh SHp Vales [ rpigfed. tg Rotam, e festsgayence o

Fouriar f ( ' efratibygat.o perform an

19 é\;eedr%@%@y&F%ﬁsef?F@Pgﬁ%ﬁgﬁﬁ%n the tfirst group of

channel gain estimtes to obtain a sequence of

ti me-domai n channel in_values; a first rotator
dofth

oper at}-ve T mgthe an 8¢ IR e- donai n
chan nﬁ)léatg%i the é’e%luh’ﬁc% Jf Qinl%b&cﬁfhﬁn @hdrineBgaif QAMEISHbin a second

rotate annel” gain values for a second group of
sagnbiveds rotated charfriet gain valses fopathied gonn g Slgqhw 5 P

unit operative_to_performa fast, Fourier tran r

the ( PRETTYR BHEERGIr RBEsom ok e aer g AP RLAE thannel
pAh Fhfle@tioUHEARY tHik@Edup of channel gain estimates for the third group of
subbands.

12.  The method of claim 8, wherein the first group of channel gain estimates
is obtained by multiplying each of the received pilot symbols with a conjugated pilot
symbol corresponding to the received pilot symbol.

13.  An apparatus operable to perform channel estimation in a
communication system, comprising:

a Fourier transform unit operative to perform a Fourier transform on a sequence
of input samples to obtain received pilot symbols for a first group of subbands;

a pilot demodulator operative to obtain a first group of channel gain estimates

for the first group of subbands based on the received pilot symbols;



of channel gain estimates for the second group of

subbands. 14. The apparatus of claim 13, wherein the
wao-ouosioego33 r ansform unit i ncl udes a second r ot aP@F/US2005/003581

operative to rotate the sequespce of input sanples to

obtain a sequence of rotated input sanples, an

accunul ator operative to accunul ate the sequence of

r ot at goinivereel fass Bogice sransforns GIFF T finik operhititectd perfotih an inverse

sanpl es, to obtain a sequence of tli ne- domai n inlg)u.t

{at o1 {ippsirm on.the firgfgroup %@&‘6%3 LA CSHER{Ss &t obtam a sequence

{)ftﬂﬁé-Pangfn%. AREMmAkINS, to performa fast Fourier

ransform on the“sequence of time-donmain input val ues
t 0 oba fitshrdtiter oparatiwectd rptatedhe sggubdesof tibie-dothan channel gain

apparat us.of claim 13, further conpr.ising; .a seco

FbeR 6 obiis G St el e ST RNl i 5 roup of
Livkeadlon®d n channel gain values to obtain a second
sequence of rotated channel gain values for a third

gr oupa 6ifst éashBeurits tragsfarm (BEEomdt dpgeativesuperéorm ¢ stFowier

nit. operative to perform.a, fast .Fourier transform on
tksaBleH o it se et oFioblid xRl by Hissith ORI EoPl erow
ebitahflel Batn tstithattk Gothe becoh@ @rnb ofsitibagdd.i mates for the
third group of subbands. 16. An apparatus operable to

perform channel estimation in a comrmunication system

conpri si ng- f hng.: aaF L far
oo g TRt ABE] £ TR RO AR s
pi | ot a secFh@k&atopbp@ative 16 tro@tehy sayfuesislilfamsis samples tof ebtain a
obtaining a first group of channel gain estimtes for
sequenqgerad fotgted ipp b paplshands based on the recei ved

pi | ot : . ' '
our & Wi ol TORR & o RS TR AcqbnL Y EloRied Dk saoples,
geders @t fotm¢deimpticsanipleai to dbtaie g sequeacodf timerdeotiemanput values,

channel gain values; neans for rotating the sequence
efilng1d®¥ai n channel gain values to obtain a first

sequenceoff ga{s%éﬁﬁ& 12N SORE inf 3bLrald tbSerfolth aFaf FoRRA6:

group of subbands; and neans for performng a fast
Frensforer on tharssquenne ¢FENRY-domainhiapiti vabites seobtemdhe teceived pilot
I'Ot@t ed channel gain values to obtain a second group
8YH&nnel gain estimates for the

15.  The apparatus of claim 13, further comprising:

a second rotator operative to rotate the sequence of time-domain channel gain
values to obtain a second sequence of rotated channel gain values for a third group of
subbands; and

a second fast Fourier transform unit operative to perform a fast Fourier
transform on the second sequence of rotated channel gain values to obtain a third group

of channel gain estimates for the third group of subbands.

16.  An apparatus operable to perform channel estimation in a
communication system, comprising:
means for performing a Fourier transform on a sequence of input samples to

obtain received pilot symbols for a first group of subbands;



second group of subbands. 17. A nethod of perform ng

denodul ation in a comrmuni cation systemutili zing
woedsogosnl frequency division nmultiplexing (OFOMIS2005/003581

conprising: performng a partjjal Fourier transform on

a sequence of N input sanples for an OFDM synbol to

obtain a first group of Nc received synbols for a

firstmaaupr éftaikmesafilsapdsep ofittemeelgain ¢dtinmates, forihe first group of

wherein the partial Fourier transformutilizes an Nc-

Pobardsibased qroife recetver @ ?%’PH%OESFFT) to obtain the first

9r oupPRhns¥6r pERRIMIGHASHTRRL Bast PRIl Rhidofn (IFFTY of BiRURSt group
of channel In estimates for the first group of

sidhaamd gpinzstimptes teelsthimg seheenice p§ timgrdoupinehanaelegaievplues;

S Leh 5w b o B SO e B e
fli{:?é@ S({ﬂ#éﬁéﬁ AR Chasiép BAR e ued for a Ebeondb@floOubbardsfand

erein the communication system.includes N total
subbameans fanperfirmieg a fashBougier figbtame 6°H I anibe first sequence of

roup Jjnclude every iszth sub .
S puBRelly BhEsto phlady? ERAT froBTRR Ao i 89 Bhates for he
YREAE bfdup b stibaads)i ng the first group of channel gain
estimates includes obtaining tinme-domai n channel gain
values for a group of pilot subbands based on the
sequenge of ' : ali e [
channbl garPshPESEe SRR derk thiolh b Do R HGRfem
oelidhg ortedpnalciequandy diadsioaanilapleking (OFDM), gorappsiog:
subbands, andperformng a fast Fourier tr formon
Uhe f PeISimRE b BFal BUTIeS (TARSLorT: P A SRIUoBSR 3 1y LiPbeapRles for an

t@%‘éﬁ\iﬁ :g}ll&‘lggl thlobiin ?E% %Bdgl% a)g ?\@g%@iveg R AbER b P RS glo@p of N,

st group o The  nethod of claim
aithbahds; tihere M omirs &, and:wheesih Gremantgpl Fopaert transfoBaurtiliges an N,-

transformon th £ Ninput Les to qbtal
RO oKD TGP L0ds § Bt BT 5B ot A desbied Syl
group o@ﬁfairﬁ‘ﬁg SHRP g{bg? 'of CRARE] 8 bfBndtéser RMBLIL6RRENRbbands;

gain values to o n a second sequence of rotated
aldinnel gain values for the second group of subbands;

g S aL g %ggg%?nagr%? i%sé ggog%gﬁ%c{egvae Séglr%{)gfs %tht tﬂg fivst %%‘u% of channel
gain estimates to obtain a first group of recovered data symbols for the first group of

subbands.

18.  The method of claim 17, wherein the communication system includes N
total subbands, and wherein the N, subbands in the first group include every L-th
subband among the N total subbands, where L > 1.

19.  The method of claim 17, wherein the obtaining the first group of channel
gain estimates includes

obtaining time-domain channel gain values for a group of pilot subbands based
on the sequence of N input samples,

rotating the time-domain channel gain values to obtain a first sequence of

rotated channel gain values for the first group of subbands, and



gain values to obtain a second group of channel gain

estimates for the second group of subbands; and
wEe@ser®Bng t he second group of received synmboPGI/vE1005/003581

the second group of channel gapn estinates to obtain a

second group of recovered data synbols for the second

group of subbands. 21. The nethod of claim 17, wherein

t he f ipeorngng afashFoneerdrensfoomaattbe Sxstrbmjusndesofmbtatidraannel gain

by, di vi di.ng ,t h i rst group .of.receiyed. s ol s by the

P 0 iR o Yo e PR R e o] RS oo i S s obbands
of claim 17, wherein the comunication systemis an

ort hogonal frequency division nultiple access (OFDVR)

syst erl- 23 Thametnsaialaim % fusthep aempiiitiag:i on system

utilizinpg orth freque di v si on mul t.ipl exin
(orovp e bk AARRTFol RISy Sh LRt of M B afiples o
obtaied §e06md groppiof N keckved s@hbslk FrSf REMPFodp SENVEMSEdS;
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23.  Anapparatus in a communication system utilizing orthogonal frequency
division multiplexing (OFDM), comprising:

a Fourier transform unit operative to perform a partial Fourier transform on a
sequence of N input samples for an OFDM symbol to obtain a first group of N, received
symbols for a first group of N, subbands, where N > N, > 1, and wherein the Fourier
transform unit utilizes an N-point fast Fourier transform (FFT) to obtain the first group
of N, received symbols;

a channel estimator operative to obtain a first group of channel gain estimates

for the first group of subbands; and



second group of subbands. 25. An apparatus operable to

perform denpdul ation in a comunication system
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samples to obtain a second group of N received symbols for a second group of N,
subbands, wherein the channel estimator is operative to obtain a second group of
channel gain estimates for the second group of subbands, and wherein the equalizer is
operative to process the second group of received symbols with the second group of
channel gain estimates to obtain a secqnd group of recovered data symbols for the

second group of subbands.

25.  An apparatus operable to perform demodulation in a communication
system utilizing orthogonal frequency division multiplexing (OFDM), comprising:

means for performing a partial Fourier transform on a sequence of N input
samples for an OFDM symbol to obtain a first group of N, received symbols for a first
group of N, subbands, where N > N, > 1, and wherein the partial Fourier transform
utilizes an N,-point fast Fourier transform (FFT) to obtain the first group of N, received
symbols;

means for obtaining a first group of channel gain estimatgs for the first group of
subbands; and

means for processing the first group of received symbols with the first group of
channel gain estimates to obtain a first group of recovered data symbols for the first

group of subbands.



