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orthogonal frequency division multiple access (OFDMA) system can support multiple
users using OFDM. The N subcarriers may be used for data and pilot transmission in
various manners, depending on the system design. For example, the OFDMA system
may partition the N subcarriers into multiple sets of subcarriers and may allocate each
subcarrier set to a different user. Multiple users may then be supported simultaneously
via their assigned subcarrier sets.

[0005] In many instances, it is only necessary to demodulate a subset of the N total
subcarriers in an OFDM-based system. A straightforward method to process a subset of
the N total subcarriers is to perform an N-point FFT on time-domain samples to obtain
frequency-domain symbols for all N subcarriers. The symbols for the subcarriers of

interest are then extracted and processed, and the symbols for all other subcarriers are



even if only a small subset of these N subcarriers is
of interest. [0006] There is therefore a need in the
waedoshe22g echni ques to nore efficiently perforrtFB32006/008769
processi ng and denodul ation in a systemw th nmultiple
subcarriers. SUMVARY [0007] T&chni ques for eff| ciently
m

DR e b Bk bt R A R I fopll Y subcarriers
dvenifm%u&smaﬁyuﬁset mfsthekeﬂ‘bsu%ﬁ)Mmasexﬂlmmsterrs and ot her

th I t 008] |
BRICT - There T RPratarE v o a5 der ierimire g s Pibeiently perform
139 BoBesk B AHE REXEANRIISh RV RRleth WRA n{dm@%lé W Akidrer s of

interest. "The N total subcarriers ma e arranged into
M sets. Each set may contain K subcarrl ers that are

uniformy distributed ac total subcarriers,
where MK = N . For the E%@%&T pre-processing is

i al r “ I oA ' .

QQ'}e] }ﬁl queg fgf gfflCl Elgr%erfg)%%?{ A ﬁgﬁﬁ%y%}dﬁ H%IQQ&déﬂatmn for

sI&BdSEfrﬂéfmolﬂ gntMeaoara tleééElEsd Qerelrh eThdsegecini@esmanp lueed fordFDM-
mul tiplying the outputs of the Mpoint FFTs with unit
begethivesempand other gxsteas Wi FRHTPlEFHNGATS- each set of

arr -
DORGE SO, Bped e pERlal FPT Sl Uyl ia8 FETH LGDHER Ruency
chrmmm sayml;olsl ﬁJmhmswgzmﬂmtssoffmﬁerdsh afhesNttotef s@um:larsrmey Be arranged

R | Rt oo s TR B (BB coross

t8& Nyto&[‘ mearrfe@s)Nvﬁﬁeswa SUPC FOF R partiil BFPf ﬂerﬁr&eeéihg is initially
[0009] In another aspect, data is effici en}? stored

renfgrmed pi Emseloinzain gareplpar tscehsain n@temlawmpplg@ edb¢ prg-processing

rflT?f bl PR e NIRRT TR Nl B St i B Bing the

Iﬂﬁs s M-ps R PFES wﬂfﬁﬁnh&ofr@ﬂdxl ened, zfsrdémrﬂﬂ’ed bllohf. eFor each set
a second d| rection, IF%@ roww se,
dp

qﬁ rsa_ibm%ré% m@restmé(npmné @F}éors%ﬁiip%% S%Feef IB@Hg%caaté gamples

B, Lty Nl i SERNTPARSHL PR . Snce K i

typltﬂitymnhbhtsmaﬁamthlaeﬂ nemipsthintesh sbﬁngetrr ccﬁnp.daticm)md p@wer may be
r.in the first diregtlon for roceSS|ng

rf@t?f TVoR o et e o5 Gh e BRI HEAL LRGP ho

[ooy|nt i pralﬁftﬁerda%'ﬁ_'é‘(ft' @ﬁg id éfflt)féhﬁp Qfor&lehf fetr@@v'e@‘&’oﬁﬁ'e%ocessmg
DESCRI PTI ON OF THE W NGS [ 0011] The features and

andt Iir le podcessing. plbs dime-domaint Jaoplesi iRy becdered ripragbuffer in a first

(ﬁ%@ﬁl&ﬁ net.g., column-wise. Thereafter, the time-domain samples may be retrieved

from the buffer in a second direction, e.g., row-wise, for pre-processing. The
intermediate samples may be stored back in the buffer in the second direction, e.g.,
replacing the retrieved time-domain samples. The intermediate samples may then be
retrieved from the buffer in the first direction for FFT processing.

[0010] Various aspects and embodiments of the invention are described in further

detail below.
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[0025] 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.

[0026] The techniques described herein may be used for various systems with
multiple subcarriers such as systems that utilize OFDM, systems that utilize single-
carrier frequency division multiple access (SC-FDMA), and so on. OFDM and SC-
FDMA partition a frequency band into multiple (N) orthogonal subcarriers. In general,
modulation symbols are sent in the frequency domain with OFDM and in the time
domain with SC-FDMA. The techniques may also be used for various communication
systems such as multiple-access systems (e.g., OFDMA systems), broadcast systems
(e.g., DVB-H, ISDB-T, and MediaFLO systems), and so on.



(e.g., DvVB-H, 1SDB-T, and Medi aFLO systens), and so
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known a priori by both a transm tter and a receiver.
sxAbRl 50 medplateny sentot-for pifotg modulation symbol is a complex value for a

point in a signal constellation (e.g., for M-PSK or M-QAM), a zero symbol is a complex

value of zero, a symbol is typically a complex value, and pilot is data that is known a
priori by both a transmitter and a receiver. An N-point inverse FFT (IFFT) is
performed on the N data, pilot and zero symbols to obtain a sequence of N time-domain
chips. The last C chips are copied to the start of the sequence to form an OFDM symbol
that contains N +C chips. The C copied chips are often called a cyclic prefix or a
guard interval, and C is the cyclic prefix length. The cyclic prefix is used to combat

inter-symbol interference (IST).



performed on the N data, pilot and zero synbols to
obtain a sequence of N tine-domain chips. The last C
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SchaB{f(Wr—H]&) g(ﬁJj)vac ya synboforrecei ved-—aqn subcarrier gq(1)
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for kHZk) 95 a complex _cf'lénngﬂga(ir% }or subcarrier %,

X(k) is a symbol received on subcarrier k, and

N(k) is the noise at the receiver for subcarrier k.

[0033] The receiver may recover the transmitted symbols as follows:

X(’g ~ SG)+ N &) | for k=0,..,N~1, Eq (2)

where H (k) is an estimate of the channel gain for subcarrier k,
S (k) is an estimate of the symbol transmitted on subcarrier &, and

N(k) is the post-processed noise.



H(k) where H(k) is an estimate of the channel gain for
subcarrier k, S(k) is an estimate of the synbol

wao eanson2eg ed on subcarrier k, and N(k) is the PCT/US2006/008769
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Sty 4 artial FFT conprises (1) pre-processing
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where X(n) is a tinme-domai n sanpl e
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N-1
X (k)= x(m)- Wy, for k=0,..,N—1, Eq (3)

where x(n) is a time-domain sample for sample period n, and

27kn
- . o .
Wi =e N isacomplex value on a unit circle and determined by &, n and N.

W is a phasor that rotates around a unit circle at a rate determined by k and ».

[0038] The Fourier transform for the K subcarriers in interlace m, where

me {0,..., M —1}, may be expressed as:



me {0, ...,M- 1} , may be expressed as: Xn(k) =X(M
+m) , NI =x(n)-Wmn , for =0,..., K| , Eq (4) =
WO govp 0Bk - . n = 0 where X (H) is the &th  PCT/US2006/008769
frequency-domai n synbol for interlace mand is al so
t he frequency domai n symbol fbr subcarrier Mc + m

[ 0039 eg for each value of k in
i nter a{s@ 5@%’8&#&“ on is perforned over N val ues of

x(n)-Wtm -W,;, for n =0, N -1, to obtain Xm(k).
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%%%ga?n%ﬁ& ﬁeﬂo?gtgﬂm\ﬂe"r hvit hig, same val ue of W' .
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Equation (6) indicates that th
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obtai ned by perfornmng a

K 1 FFT onk(Km Wter nmedi at e
tgemViesis pagiedic ik, shihat WaceWn -+ &¥kver maytience, each set of

]gﬁrform a K-point FFT for each interlace of |nterest
Nadues ety (i Wi hithohe sang valpenk Wich sy heracermadan

int FFT for. all Minjer s and extracting the
@Lpg@ueneg g@wlﬁg@mf‘% ?G?t%ceﬁe interlace(s) of
interest. [0042] The internedi ate sanples in equati on
(5) may be mewitten as: Iyn(n) = xX(n +K-i \%} :
for =yp(n)=) #au+K- lEqW§'75 1 0043] Thier it Dowd glterm Eq (5)
may be defined: M|
where y.(n) is the n-th intermediate sample for interlace m. The M values accumulated

in equation (5) are for time-domain samples that are spaced apart by K and are
associated with the same value of W".

[0041] The frequency-domain symbols for interlace m may then be expressed as:

K-1

X, (k)= y,m) W, for k=0,..,K~1. Eq (6)
n=0

Equation (6) indicates that the K frequency-domain symbols for interlace m may be
obtained by performing a K-point FFT on K intermediate samples y,(r) for interlace m.
The receiver may perform a K-point FFT for each interlace of interest, which may be
much more efficient than performing an N-point FFT for all M interlaces and extracting
the frequency-domain symbols for the interlace(s) of interest.

[0042] The intermediate samples in equation (5) may be rewritten as:

M-1
V()= x(n+K-i)- Wy - Wi, for n=0,..,K-1. Eq (7)

i=0

[0043]  The following term may be defined:



Zmn) Sx(n +K-i) -Wfor ? =0,...,K-1 , Eq (8) / =0
where Zm(n) is the n-th transfornmed sanple for
w0 pioedeee m Equation (8) indicates that Znm()POEHYS1966/008769
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sanpl es arg, spaced apart by K [0044] The internediate

sarrpIES(,zlj'&g,{(gnrmet Yegpr essed as: VM A)=0"., W+ for n Eq(g)
(9) Equation (9) indicates that the

i nter rredl at e sanpl es may be obtained by nultiplying

t he tr

|
SRty '+ Gt P ried SUpP R ikt o BELAHE 8 ndpars tha
mla}tl)tenfagrﬂ?:' EBtaifiBh U QR -MlMtSkrT fonoli}i ¥inR®main samples

ce Is of i t rest, then the internediate
s@pKed ook -t(l;u sM -ﬂl eTh@@élmfa@om@n@bmaleﬁ@rﬁ specedaiprtiby K.
10) M1 "
[9044jC(nT£1e thgmedfa(gersammes may thRn|be eX}E'&s 8@% W%]ere xn(ng
IS a rotated sanpl e obtai ned by rotating x(n) by \/\1 "

. Equation atates the tinme-d
obt ai ¥Y"(Ir"gt—a2§'éd s‘/&dﬁpl es. Equation (0@? accu%a es the Ea®

rotated sanples to obtain the internediate sanples for
Elgﬁtlbﬁ (ﬁrlhﬁgﬁemha{ @Q%ﬂﬂaﬁat@ EAnPELRRS Bk BBtaired by multiplying the

ations (10) and may be nore conputationally

tefnkfogined tsaipiRe Z)iiky muheW"ﬁt evilidc & cemofonlynteferest to Whentwiddle
nore than one interlace is of interest, it nmay be nore
feétbr, @iphasort oupecdmoplex vhlse pmd-sproacessi ng shown i n

S e ek o TS BB R R s AR

inieARes may bé Bb@imeaassolRfwst Nt erest. [0047] For parti al
FFT, the receiver may perform pre-processing on the

ti medomai n sanples as shown in equations (8) and (9

or equigti)engn)-MJ" and (11) to obt aiferinmrndNii-at e Eq (10)
sanpl es. The receiver may then perform FFT processing

on the internedi ate sanpl es as shown in equation (6)

to obt aj yndonai n synmbol s for, egch erl ace
of i n?”é@ st%m@ gﬁi llrédr clarity, theif gartléal IﬁzFﬁf Eq (1D

descri bed bel ow for a si npl e enbodi nent with

where % (n) is a rotated sample obtained by rotating x(n) by Wy . Equation (10)

m

rotates the time-domain samples to obtain rotated samples. Equation (11) accumulates
the rotated samples to obtain the intermediate samples for one interlace m.

[0046] The pre-processing in equations (10) and (11) may be more computationally
efficient when only one interlace is of interest. When more than one interlace is of
interest, it may be more efficient to perform the pre-processing shown in equations (8)
and (9). Hence, the intermediate samples may be derived in different manners
depending on the number of interlaces of interest.

[0047]  For partial FFT, the receiver may perform pre-processing on the time-
domain samples as shown in equations (8) and (9) or equations (10) and (11) to obtain
intermediate samples. The receiver may then perform FFT processing on the
intermediate samples as shown in equation (6) to obtain frequency-domain symbols for

each interlace of interest.



N = 8 total subcarriers, M2 interlaces, and K = 4

subcarriers in each interlace. Interlace 0 contains
waeawearneers 0, 2, 4 and 6, and interlace 1 coPEHUSH06/008769

subcarriers 1, 3, 5 and 7. Fromequation (7), the

i ntermedi ate sanpl es may be eXpressed as: ym(n) = (n +

| | m m(n)
[@4 W ﬁ})r( C'll%ityhtah%rpbaﬁia'[ FOT i, desc '§e<¥ 85?‘8'\(,\%2A )s/il(r)xz n? [Blglgéc?x]r—ﬂent with

quat i on e expanded a

ML A subaitdersg ME3) iteflacelsx om) Kx{(4 stpdaridrs.inEepch interlace.
(14) Equations (13) and_ (14) indicate that ¥Q(n) and y
Interlaes 0 pentains sibraEiasy Operk ¥idk.igd antodacsd; gRmtampsrsubgartiets 1, 3, 5

) . +4 : ' ' T.out put
R DS s T R R T
bl ock di agram of an enbodi nent of a partial FFT
processo for the ephodiment with N=8_, M= 2,
and Kyr»-(’é:.?f‘%éf’f"l‘lé)'“gF processor ZTI@G”i‘nQ’I"uaes f our Eq (12)
pre-processors 210 and two FFT units 220.

Pre-processors 210 perform pre-processi ng on ei ght

[0049- domgLAticHANR) Bay boexundedyfotbwperi od and generate

ei ght internmedi ate sanples for the two interl aces.

Each pre-processor 210 perfaorns pre processing for one

sanpl ¥ (haeky) Wemi # pre- pM8cessor n for sanpl e index Ed(@13)
n, where ne {0, 1, 2, 3}, an FFT unit 212 perforns a

2- poi ET @n-twps+thinp~domai n sanpl es x(n) and x(n+4) gq (14
and p?%efdgg mgmgFTMoufputs. A nmultiplier 214 applies 114
the twddle factor WB" on the second FFT out put as

Eduaviond (33}3£tufi¢li4§)hlld(cibéa) ﬂlaﬂ;‘oer) ﬁg@ 9%{8}51)@1&%7 be pbiained &y pevforming a 2-
i nternedi ate sanpl es_ yo(n) and 1(Ji or le index .
RPINY JF05 o MeacHdEETHh 9@5 oIl uing dhrrscqerd }%ﬂe’@ggﬁ W&ﬁ a twiddle
t|fiﬁc;)trrogﬁ,ni nterlace. The FFT unit for interlace m where

8? , 81}, receives four internedi ate sanples yn(0),

[}?0%(%]) ' rg{;?ré sﬂ&g%éﬁgﬁ&:){ c{i%arlhrbtf% l AR dFher OF 5%512%&@171“ processor

i nt on t our ternedi at e sanpl es,
2000for dies efnbodinfent guithndly= 8 p M= symib & -s 4 X( PdrtiaXEHH Dyocessor 200
X(mt4) and X(m+6) far interl m. 52] FIG 3A
BHBUE S0 PR A SO GI dH ahio e A0 o PreaPigisssoia 210 perform
ﬂ:rg-ﬁrocessing on eight time-domain samples for one symbol period and generate eight
intermediate samples for the two interlaces. Each pre-processor 210 performs pre-
processing for one sample index. Within pre-processor »n for sample index n, where

ne {0, 1, 2, 3}, an FFT unit 212 performs a 2-point FFT on two time-domain samples
x(n) and x(n+4) and provides two FFT outputs. A multiplier 214 applies the twiddle
factor W;' on the second FFT output as shown in equation (14). Pre-processor n
provides two intermediate samples yo(n) and y;(n) for sample index n.

[0051]  Each FFT unit 220 performs FFT processing for one interlace. The FFT unit
for interlace m, where me {0, 1}, receives four intermediate samples yn,(0), ym(1),
ym(2) and y,(3) for interlace m, performs a 4-point FFT on the four intermediate
samples, and provides four frequency-domain symbols X(m), X(m+2), X(m+4) and
X(m+6) for interlace m.

[0052] FIG. 3A shows a block diagram of an embodiment of a partial FFT
processor 300 for an embodiment with N=4096, M=§, and K =512. Partial FFT
processor 300 includes 512 pre-processors 310 and eight FFT units 320. The 512 pre-



processor 300 for an enbodinment with N = 4096 , M= 8

, and K =512 . Partial FFT processor 300 includes 512
w@e@epsneessors 310 and ei ght FFT units 320. TPET/B3006/008769

preprocessors 310 perform pre-processi ng on 4096

ti me-domain sanples for one é?nbol period and generate
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i nt er est [0054 FIG 3B shows a bl ock di agram of

fer@e@asrsag@e@oan@,ar@vwﬁs I Efregyehopemaigpsymbols for
?%%@e Hh 9\591529 &Bpﬁﬁﬁﬁia%e [roSRPIoR ehdhdfteriee YHIRTeResE

ROt he pre-processor, an 8-point
B854 uni FIGL aBrseows wddoak gilagrati niearnd cxmhoqhmahpﬂ pre-progeisjor 310 in

7_+5 / z+3584) th b
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s%ng thOei ARYFY o CLMél?tQ Qyitfhr ef ‘EMﬁdlﬁ%&‘cbﬁJ atﬁ':ﬂ—ropfd@c&gﬁqmermedlate

0, K pre-processors 410 perform pre-processing on
%mnﬁ%dbnmmnﬂsanbkes for one synbol perlod and generate

OB o BREL e 308! £ Mo o T ool o il rr

ﬁb&sﬁ&ﬁm@%‘épinﬁﬁol\@ﬁfdfm I WBithih §aitiabBBT Prdt@sdod HOBIE pre-processors
anpl e i ndex. The pre- %iocessor for sanmple i ndex n

4=lé>cp¢rw§1 merpnﬁ»éesamea@rh amsrdamaip samples 9p aneSyael tperiod and
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_ ( es as Shown I n equati™
NBhterRB&. | BachMbrevhrestseorfA10t g foring pidgrovedsink fwtomutsam@re index.

The pre-processor for sample index » receives M time-domain samples that are spaced

apart by K starting with sample index n, performs an M-point FFT on the time-domain
samples as shown in equation (8), applies M twiddle factors to the M FFT outputs as
shown in equation (9), and provides M intermediate samples for sample index n.

[0056] M FFT units 420 perform FFT processing on the N intermediate samples and
generate up to N frequency-domain symbols X(k), for £=0,...,,N, for the N total
subcarriers. Each FFT unit 420 performs FFT processing for one interlace. The FFT

unit for interlace m receives K intermediate samples for interlace m, performs a K-point



shown in equation (9), and provides Minternedi ate
sanples for sanple index n. [0056] M FFT units 420
W@eeboyaredFT processing on the N internedi at e BENPEm®86/008769
and generate up to N frequency domai n synbol s X(k),

for = .,N, for the N totldl subcarrlers Each FFT
T T -

mmheﬁnlﬁcﬂsfommeﬂh@oe m perforns a K- p0| nt FFT on the
K internpedi ate sanpl e shown_in e tion
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pre-processor 410 in Fl 4B shows the

pedopr.d edgi Nithiorths arepprecéssokg an M-poine FETnBIt 412 receiyeskM time-
1}. Wthin the pre-processor, an Mpoint FFT unit
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FaEcs M derEediaR 1P PRt me 195K @ sanpl es for sanpl e

f005* NEIGEOREA FHEPA Aowdhe ?P@RIMES% RWoldaRerate all N intermediate

pre-processing to generate a i nternmedi ate sanpl es
amplqﬂwdﬁﬁér Bpifopesssking to cledee alteN ételqueMwy domam sym ols for the M

n do s for the Minterlaces
e SPetimet Pt feBbrty ey p i RS PR 4O aff shared by,
ANM HR1a86k. bivs, thd| dmbddiméf] iheGe@rmédiate Ras Eﬁ’@@dalmmteﬂaces are
the internedi ate sanpl es for all Mi nterFaces ar

apdahlepiter the PErPIORRSSIEANE MRRTaesisRg ta ﬁwwéye%en%%n@a symbols
@ﬁ taf'é?/ es%lj.ia%'g W8 Rifrre - ezﬁjbﬁ%%ﬂ{bﬁdfc nt 3RY i él LRE gan%les may be

n ano I ment I nterme
geasitceiforreyly ke @mhbe(ts)e@f ifiteresa nIrlybd:tln emlbndilﬁrelnac ) Kspoimf FFT may

interest. In bot nbodi nent s, oint FFT .

Rseparisrmed fororach SRR, DL of b RGBS SimgEdIor FET processing

I@ yfbﬁ g&%gﬁ%m% AR HardFate B QQﬁfeSdlﬁgloWulBﬁleQ@d (TJBI{Z@ ¢hanner to
re ware in a tine

di vi si on nul tlp exed
1©d@N) hadwarsr r¢quircmdnise Mﬂemmawelyr dgplicatgdardsvare may be used to

éq%natlvel d%@léi ar dwar. e ma% be used to

O R T T aFHa?eéPm&ﬁ“rP?fP Hessing in

easg | ebubit%&?]sa@ﬁ@ﬁhﬂmm@haw b powsr GRNTHt @bliAA when only
and power may be realized when only one or few

onetarrewciateriaeas ase of mterees t Thish kecpaseddthpeessing is not performed
Rk qﬁt%?l%e@ gthlatS a{l:o'he@ GF f&%{é@tﬂﬂ eﬂ %IGM %@ﬁacteg e einte:rest, the
not o

Interes erlaces are o
¢aniipRiteRin, antl peweo fgyuhaM mterhn«ds aﬂa\approfmmatdsly eqddl to the computation
|nterla%es are ap%Fwaratel e to the conputation
and power for an N-point Hence, t ere no penalty for receiving more interlaces.
[0060] A buffer may be used to store the time-domain samples for pre-processing
and to store the intermediate samples for FFT processing. The buffer may be designed
to store the samples in a manner that allows for easy storage and retrieval of the samples
and supports in-place pre-processing and FFT processing. In-place processing means
that the processing outputs may be written over the processing inputs, which reduces
buffering requirements.
[0061] FIG. 5A shows an embodiment of a buffer 500 for the embodiment with

N =4096, M =8, and K=512. In this embodiment, buffer 500 includes 8 columns



and power for an N-point FFT. Hence, there is no

penalty for receiving nore interlaces. [0060] A buffer
woreapelogesed to store the time-domai n sanpl es POF/US2006/008769
pre-processing and to store the internedi ate sanpl es

for FFT processing. The buffd? may be designed to

f%{' eCs Eﬁ@ﬂ%@?ﬂ 3%12 '??VQS ?@r“tﬁg rSl.tZréﬁFcﬁﬁérQ ehf 1n?&§a¥e The time-
st orage an rieval of the sSanples an supports

domagbh aaeplps erepﬁ@tmasmtm@afﬁamog EolummvEss stmgmglmtlpihacfﬂst column.

ocessi ng neans t hat cessi out put
%@ﬂ?@ﬁmw BRY CRBIER %’3‘{909&}&9%-3 iwe%gvmten to buffer
qyéf fering requirements. [0061] FIG 5A shows an
enbodi nrent of a buffer 500 for the enbodinment with N =
[006Z) , Mable8l listsnie korderSih2whichnthe iows earb gaé-pegessed to allow the

ffer i ncl udes. 8 col St th t.erl
oo bPREFB RS LD e © PDeLuer b & o dach block in
’Feib?e 1 chRERERIdAt FATEHOL S raliR SWETL t &1 of MeQobd icbBEspoRing to a given
colum-wi se, stalling with the first colum

ek pequepsicasserdozetinmdioe dlogkt®rows 0, GHoES: i neddforlabuifer 500

n T
i
@Hpodny FHE asdi beiddieaniltipfidationp essnpletedl othe tshi@plen il reganspose
to be perfaorned |n pl ace. Each bI ock in Ta

TRERPE] 8 TR Colama-wise and Pagey backsprowa) gJofH?he foHet buffer
; ogetﬁﬁ BQRALN Gt 9 Bl gioY QAP IbRLk 8t GepfePbRE %%égﬂ;cessed and the

For 0, rows 0, 64,
1bt¢frmed1a150©sdtsearactcaesgsdd apd evmtemcwked theuseins rowedn jbnffer 500.

(ot R e e e R

sanples fromthe transpose nenory are read out
colum-wi se and witten backagl®irows 0, 64, 128, ...,
448 of buffer 500. In essence aII 8 rows of each

bl ock ar ¢ rétBrtlé v P ’g‘i%gg%%n\fgfﬂitﬁn ba

i nt er rediLat e [tslare tr
to the sanme rogs in buf f@r645£)3'3 1§21|g56p3m psmaﬁgm ngj
all ows t he Subbequcn ++T——con occur—tm
Dl ace. Thol o 1000063 ATL&S. ERPoriNg3thass. 49
pre-processing.for all 512 rows, FFI processing ) be
performeflfor each interlace of intérest In
particul ar, adl12-po nt6?FFE7m§M DES 320§ 383847,311t h¢
first 647Tows—Tf—ntertace O Ts of Tnterest,—omtt
next 64 rows if interlace 1 is of interest, and so on.
[006%14] Rlffer coBpidiiagsha prespidoetsitgfor afl SaZkIUfos,eFF'B Poockeding may

any N, Mand K. In this ) .
be performed for each interlace of interest. In particular, a 512-point FFT may be

>—

k

3%

performed on the first 64 rows if interlace O is of interest, on the next 64 rows if
interlace 1 is of interest, and so on.

[0064] FIG. 5B shows an embodiment of a buffer 510 for any N, M and K. In this
embodiment, buffer 510 includes M columns for the M interlaces and K rows for the K
subcarriers in each interlace. The time-domain samples are written into buffer 510
column-wise, starting with the first column. After all N time-domain samples are
written to buffer 510, pre-processing may commence. The order of pre-processing may
be determined by in-place computation requirements of the succeeding FFT. After
completing the pre-processing for all K rows, FFT processing may be performed for

each interlace of interest.



enbodi nent, buffer 510 includes Mcolums for the M
interlaces and K rows for the K subcarriers in each

WO nicendeee. The tinme-domain sanpl es are wittePCT/NEM06/008769
buf fer 510 col um-wi se, starting with the first
colum. After all N time-domdPn sanples are witten to
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symbols for the subcarrier set (block 722).

[0067] FIG. 8 shows a block diagram of a transmitter 810 and a receiver 850. For
simplicity, transmitter 810 and receiver 850 are each equipped with a single antenna.
For the reverse link (or uplink), transmitter 810 may be part of a terminal, and receiver
850 may be part of a base station. For the forward link (or downlink), transmitter 810
may be part of a base station, and receiver 850 may be part of a terminal. A base station
is a station that communicates with the terminals and may also be called a base

transceiver system (BTS), an access point, a Node B, or some other terminology. A



internedi ate sanples are retrieved fromthe buffer in
the first direction for FFT processing (bl ock 720).
wo-o0060202b8 set of subcarriers of interest, an FFAT/US2006/008769
performed on a set of internediate sanples for that
subcarrier set to obtain a sdft of frequency-domai n
I [ I
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styndoob rrna;tsb rth ttaffimydatee pak gewsfratas sate s;;mbohson Pr@mdsor 820 also
recejver par terninal ., A base tat|
ROt Bl oot 2 nie e S M Prraodls AR R s A
B8l AbS B30 ;t)é%ﬁidnﬁdm@dlhm foh 28 C@ity @hd Spisot ePnfiBTsSknd adenerates
access poin

de B, or sone other termnolo
trenemifisieal syralolhewhich emay rben BN siebolpr tfeC—EDMCI]Xeﬂé%bools A
evi r
RGgifer Ry R PRI PRSP RET ARk ) G, ARHRS Alers, and
fedqaendy hpcedhvals) thatrhisatission synibgls dad gemmatephlradio frequency (RF)

processor 820 receives traffic data om a data source
rB‘i@latE‘ii sigadswhichds fanstgifiegyipan a@W&B%Iéé i nterl eaves,

[@“@Ol NRASdeibdresdu, ahf érﬁergﬁt g52 aldivae gy Rlzeﬁmﬁﬁfaﬁ:d 31gna1 from
ynmbol s. Processor 820 al so generates pilot synb
teamslnmdrt&lﬁlae& povides acta@eavmmﬂ to arsgeiyer viit QLWﬁdBD §54 AReceiver
t or,. 830 erf | ation on the data, and
7Y B STS G Rl AARLLeE RSBy e digtizes) the
1864 641 BB ald en O 86 RRle oRiaidGamblde: SA”J@@IhSdulétor 860 performs

transmtter unit (TMIR) 832 processes (e.g., converts

deancaintation ondhpliingdemaint samplesss dgpaibed @ak@@hwl provides data symbol
CSPIHJ% L&, Euc)n ar«!;I gstt ?ss 5? %E:cfg\%eém% S n@@%ﬁ?&?%ﬁ{t@r 8302 A receive

IO Trequen

(IRD@n@dt@ pt@dssel 87@preveiepiags QﬁmbbDﬁkﬁﬁdpsAtiemmlehmr and decodes)
an antenna 852 receives th F m)d at eg 57 g

& é ixp gengral, the

th? éﬁﬁatswmbglﬁssm@ﬂessﬂfé PEmadssrdsgpdrsdatp V’eat
ﬁoé%?lﬂ%‘ﬁﬁ eééWefr 8§@S@n§éﬂentﬁqg khé roéé@élhg %? Fransmitter 810.

con s, frequency
[00V@icon \Qbmtrsl,lerallpobcdassgrﬂ i 840s )antlh §8® edaatethesi @%ﬂtloa n@f various

rovi.des tine-donain d d t
R R BOT AP B G o e A PR bl Slorigies 842 and
ghesore Deshrhalconesand dafaret @fsndaées 1B)NEebcedd BFBBspectively.
whi ch are estimates of the data synmbols sent b

100Zhis ni FI6r 98w wsse blaski diegragf dhembpdigeat 86 Idy egpdulator 860 in
13[?30 dzgd)?fchm( SergoduliXP?@d, d&ﬁﬁ@ %refg(efeﬂ{o%ﬁi &Y %0 r@fes the cyclic

prefix in each received OFDM symbol or SC-FDMA symbol and provides a sequence
of N time-domain samples. An FFT processor 920 performs partial FFT, provides
frequency-domain symbols X,(k) for data subcarriers to a detector 930, and provides

frequency-domain symbols X,(k) for pilot subcarriers to a channel estimator/processor
940. Channel estimator/processor 940 derives channel gain estimates H,(k) for the

data subcarriers based on the frequency-domain symbols X,(k) for the pilot subcarriers,
as described below. Detector 930 performs detection (e.g., equalization or matched

filtering) on the frequency-domain symbols X,(k) for the data subcarriers, e.g., as shown



the data synbol estimates and provi des decoded data to
a data sink 872. In general, the processing by

WO eweioyees 850 i s conpl enentary to the processiPI/Dg2006/008769
transmtter 810. [0070] Controllers/processors 840 and
880 direct the operation of Marious processing units
at transnitter 810. and, receivar 0. . 8sPeCH; interest.
esAPRED (B2 dntronioR Srbt Epr s, BEPERR HEcs gf mieres
HEBRSITIOBY EhaP HkoaBemp@s elogdikeBhébd Fappe@liRs!fpr thoAt] symbol
FIG 9 shows a bl ock diagram of an enbodLneg% g%@- RX d
aitimats| witbrthgehannel mam esfimiftps RNA BRNBIRNIGR She s68's 19 ata
cyclic fix.r val unit 910 renoves the cyclic :

S TR Tt dseoBiRL T ed orom synbol or SC-FDMA synbol .

[@0T2]Pr OWIdES 30 3hows i dhwk difgriintdfrun-cichosimers axfpiEdsproggssor 920 in

FFT 920 per f i al FFT, i d . .
Fice QL oNAprIBRE PRPCsS B RE S0 (P ek iesBCKIR W dirpesdomain

%g%%sq?&g rrec%??\%r uRR@58r BYfEefo o Iﬁﬁ]}éjﬁ@ fipleRERtea a5 yWdwal & FIG. 5B

or pilot subcarriers to a anne

with Meblornp factbs dbint@d@es OrhKiroivs dart therdt sibepiristsds $g¢h interlace.

940 der | h | . gai timates Hd ,
Bitlun o 10LRey Shae gne, ioning Huliidn Sameleh A0 ph REufik? surting
Snh ke FiRk cblngimPis PbwiURTAG! FBI Bufies 1066 ataly [peckvite tiewime-domain

Detector 930 perforns detection (e.g., equalization., or
sradérebly fows B ipmeypragassittgearnicr w4y éWéVg av@rfﬁff%tagyw%wg‘k&( samples
fo he dat a rr : is bt QAmples b
by P 8B 5oy PRy SLYE Bkt ot b
bdlh@nt F6L FOT brucessdst . Aetaddtess g8RGatonyl 080 sgenetatsu addresses for

| og-1ikelihood ratios (LLRs) for the ta. synbpl

B HBEICRIA PR O SR AP he BEPRPEL TN Riger 1010

Ef@gijde A BF%%#%T I@fbc&éo‘r‘i 0 PRERS TP BE&sEiAE for the interlace(s) of
eco

i ng. I'G 10 shows a bl ock diagram of an
andesti Tntial FFIFpibcgmsoc £83bomag 2@ implamantedoas shows in FAEP. 3A and

roc r 920, buyf f er 0 recej :
Bhrfe ot SithiPed ¥PD R etroep [ FREpORS Pehiicy-domain
}Qfxgolm P forl aARh1B R With BHotSuBYYIriem alill ayFBovite Frebiency-domain
colums”for the Minterlaces and K rows for the K
syrbloels .6 Sot packaiokeriane svithadata spRFapdsTs Theigs Mhynigtest ¢ Controller

the | hng. i nes ' | , .
SERPIPRG T T G e SRR Intthqtd aht o WERE ghe operaton of
Badrbeyr odRERorman02pr anvd dertidh eFFT nrockssei A03Gitpl pocgsp the selected

rows for pre-processing and may stored the resultant
intedachtsl at e sanpl es yn(n) back in the same rows.

E‘?ﬂ@%s 1?[;?. ﬁ%h&{fé)\éi ¥l6cH BfaghaM @F :jﬁﬁdérﬁs&iirﬁéﬁp&fe&éﬂﬁel estimator/

processing. "An address generator 1020
genessal 630 adfi@s2edVitlon charinel aginsaienipresesser A amilat dergodulator

S(c?enr.recl)cssl 1f16 ?erpmt)‘llqe% tl?é gf?gtrfr(l)n? %?et tlrg{]uséncl:ﬁdgrﬁgifnesgrm%gljs%(p(k) for the pilot
subcarriers and provides channel gain estimates for the subcarriers in interlace p, as

follows:
H,(k)=X,(k)-P"(k) , for k=0,..,K~1, Eq (15)

where P(k) is a pilot symbol sent on the k-th subcartier in interlace p, and

H ,(k) is a channe] gain estimate for the k-th subcarrier in interlace p.



[0073] A partial FFT processor 1030 perforns FFT

processing for the interlace(s) of interest. Parti al
wWOo-BEspsneessor 1030 nay be inpl enmented as shownCT/IS2006/008769

FIGS. 3A and 3B or FIGS. 4A and 4B. Partial FFT

processor 1030 nay provide frléquency-domai n synbol s

) oo S BT L O S S haf cesimacs
OS2 UG | 20 1Bt
SB35l PSP b Py GBS, T
B o DR i Pt s I B SRt ks b intertace p and

estimator/ processor 940 in FIG 9. Wthin channel . .

et wanteny plisearsphsse ok, ofa Whi'| 6f Thémoaliat B ( dedpgliplier 1122

1110 renoves the pilot fromthe frequency-donmain

Byptibsth¥phinel tips the)pwitot phatoc a¥T end parddgsrio demdéssed channel

channel gain estimates for the subcarriers in

ﬂaﬁgﬁ(,{)ace p, as follows: Hp (k) =X p (k) -P*(k) , for

=0,..., K| , Eq (15) where P(k) is a pilot synbol

[D076] ON A Bftek-11B0SHRGArAd & defbtatbd Shh@e® tBps H0A) HprdsK)multiple

s a Ichannel faé%ﬁes%nﬁtﬂe:g_for. t hjel k-@t h S;,I carrier in

d dfa es iféréd @RAdne e T ior Bnproved quality,

Q?gggﬁ?ﬁ§£§%’oﬁ t he chaﬁneldggin e%%i#gﬁgs pgﬁ%k)pand L

@?@V imgﬁayKbé equeat chooredreatehtham &l deppeypding pn ¢he) numbker Sfirfterlaces used

of p subcarriers in the fr e - donmai n .correspond

o then et 25K TRHIPEE Mo i IHAE i RETOgH cBifieR 313 may be

W&ﬂ@ﬂte& @\gﬁl DRiné®imPlRe ‘}I@srpbi{&dgffm?’ Midehen infinite impulse response
requency-domai n synbols for interlace p and hence

@Bt fiiter, er fome athep haseofSHiekt Toe filering nagy #lpo ba)pesforpes at other

s BB AR B 15 AR R 1122 s
%@%nﬁ{terg@gﬁaﬂgma% l;f(%)é{i%]}s R Tkt &6 11\]&? ?g{v’ﬂés% Sahle K partial

erotate annel ™t aps n) across mlt e synbol
PET | 12688058011 RIOYEASSsKpref frbée8sigsl dphaRnNEl vAla@s fiof hnit 1132 and
havi'ng i nproved qualit where K nmay be equal to or

prrEatmsra KhpaintEFIIE femerichgnisraeenel taiper asofescribest phrves Processor
used for the pilot and . the nanner

1}40{ Igpyiﬁgs Kschggreﬂ SpipEgtimptes t[éf(kz_ i@&gﬁmuggarhgxgﬁ% ﬁ%i@@rlace of
P LS T 251 SEPRR O Dl pgpne i
bLtPem@hndd | ter. The filtering may al so be performed at

?()t()gs]r FIG. 12 shows an embodiment of a process 1200 for performing
demodulation for one or more sets of subcarriers of interest. Pre-processing is
performed on time-domain samples to obtain intermediate samples, e.g., as shown in
equations (8) and (9) (block 1212). A first FFT is performed on a first set of
intermediate samples to obtain a first set of frequency-domain symbols for a first set of
subcarriers used for pilot transmission (block 1214). A second FFT is performed on a
second set of intermediate samples to obtain a second set of frequency-domain symbols
for a second set of subcarriers used for data transmission (block 1216). Each FFT may
be a K-point FFT for one set of K subcarriers that are uniformly distributed across the N

total subcarriers. Channel gain estimates are derived for the second set of subcarriers

based on the first set of frequency-domain symbols (block 1218). Detection is



| ocations al ong the channel estimation processing
path. A zero-padding unit 1132 pads the K filtered
w@eb@angd228 aps h (n) with N - K zeros and provPdEESN06/008769
val ues. A partial FFT processor 1140 perforns
pre-processing on the N val udd fromunit 1132 and
f r of, Nl ~
R R RN o G L
gtinates $¢ bbe@inedutdynihbd pstiroated foe the sobodsat o€ sld)cameesaﬁihock 1220).
interlace of interest. The _channel in estl e
BlRekld 1% @m&@ar#ﬁg r8asRS, PEEEop % PRGN s%trfﬁrsugcamefs of
RpRers. [0077] FIG 12 shows an enbodi ment of a

process 1200 for perform ng denodul ati on for one or
[0078] seFer cimpglidityarhd @amabfPTﬂhtaad skmodﬁlasOp riochedguesghave been

f ti d
LB TR0 50 LG R DI | 70 s s o e
BR Sthe?)subbdrAeK sthactidks. Anf gdnstal FHE inferReds’ BlapEidcREbe ahe same or

first set of internmediate sanples to obtain a _first
dereot mumbgtre o ysubonmicrs. s yRasdl dntedacea inolydss @pra@ﬁrs uniformly

Hb el 'a& Hl%%\g tcttglrsugb grs sB%‘aﬁrﬁleSs?i %ﬂfl@?{ Cesdidted) above may
i gt R0gEAd

performne

hedteiiedd iFak eXaﬁplIBJ €N E@lOQb,t menﬂ 1@61%6 @rrda)s edntaih 32 subcarriers that
frequenCé domai n synbols for a _second se

YSERHAPArY 5o UGt laltqr}aaﬁm.w@erm@&& sybgagiers that are
éég%]gteﬁ Ry ﬁBsYleéﬁ-{A@rs AP kélton':':fhé gflotoﬂﬁerisa%é My Kontain the same or

arri‘ers t are unif istributed across the
dxlffemnahumbrtmﬁrsubmms @mnmeldagaamtsﬂesqs; rRiffssend sebearrier structures

Y EPel dp PR e aaney S dbran oL FARIL ThT Bt G011 Betomed

foetiRGhieARcds PP Bté@Eted on the second set of
frequency-domain synbols with the channel gain

[9979Inat &or chriht thp riechniques o |beews despaibed fppp sipgle-input single-
‘ .
f%gﬁﬁggﬁi)ﬂgien% u*f%@sr e d ! %‘ u(a? E}f?asr(lgc\rléloélgeg Sedg’ép ?I on&fﬂ:@req%ut single-

aftpeudIS0) isgstemoh sin"gﬁ@ﬁ@st multQ&-8hitpko (SIM®psyisteint, yandtaheultiple-
partial FFT and _denpdul ati ori:tec ues have b
r

igaeicmpiipd-euput AAIMOD %t Rerf 8ty SYXFHBuPRS B Finggoessor 920
1‘]1a BOGSR {PE (fflh@lﬁtlg?)’(R? Sntdafd o e REAGLr. SHHRR FET ;ﬁrﬁcessor 920

uctures n gener he I nterlaces may include the
pﬂamsﬁr thei fifherdomtaim sabples fof as dsseniated receivEaafenna and provides

nterl age i.nclu ubcarrjers unif di stri but ed
il iR YRR Rl BEEhE Bl aockghe bay B Strormed on
@k nﬁéc}ﬁeh@ﬁﬂblﬁﬁhnd SaRBAIDEdr AMORE réRWebentdlidasi e dbtafididata symbol
exanpl e = 4096, then interlace 0 may contain 32

estibwsasr i ers that are separated by 128 subcarriers,
fOBk&]r | A% JCecrﬂ%}/qugg Hés%hge&ggrémslﬂg)‘; ﬁfov!icﬁr@antouéﬁd%@ages. First, the

techniques may perform substantially fewer multiply and addition operations for the
interlace(s) of interest than the number of multiply and addition operations required for
an N-point FFT. This may result in lower power consumption, faster operating speed,
greater data capability, and so on. Second, the techniques may perform substantially
fewer memory accesses than the number of memory accesses required for an N-point
FFT.

[0081]  The techniques described herein may be implemented by various means. For
example, these techniques may be implemented in hardware, firmware, software, or a

combination thereof. For a hardware implementation, the processing units used to



separated by 4 subcarriers, and so on. The pil ot

interlace may contain the sane or different nunber of
wGaaiveayneers than the data interlaces. Differ eP€T/US2006/008769

subcarrier structures may result in different

pre-processi ng and/ or FFTs ofl8di fferent sizes bei ng

;Pe?troflxgr nﬁ-ﬂ IL%JFTtQ d/bptd%ﬁlo ﬁﬁﬁo@ff& NheriGRt c%@ogﬁ]im%ﬂarst may be

clar t?, fhe'teé nrques have been described for a

ifiplghentédwwithinsine @ir enuré pppplicaBbiSecHicsinpratdhesmits (ASICs), digital

techni ques may al so bhe used for a multiple-

signag Ipaefeesst (PRPSodigiipd signpl &r%ﬁwgrgeﬂ?ﬁgfﬁﬁ (DSHS), programmable
]t - @t t & (Sl lsPlRbdeRbks, llers,

s B by ORISR (R RRM ool

1hfefo-poracdes) misProrassole elesadnicoteveashotbér etediranpd enifRYlesigned

t th [ . Each FFT 920
(B EesS i Tt HESCabRA Pilh it GemPBRRGHREEC at e
['f@@gﬂi Ve paPtae ARAwaRd aRl/8V s aik! BEISREMaEeHBhS 1S3l may be

or that antenna. Spatial processing may be perforned
iomplerhentéd sdthemoguldd f@izn Psgaedetes, fupetiens, apd secw)\ibat perform the

nt.ennas t t ai.n t a. I [ .
Bt B BN, ohBEhy WSt i o
AEMBAL @GS Smertory882 ih [FEG! Hohdiegeasedimya prictsonie.g., processor 880).
substantially fewer nultiply and addition oper a{)i ons
Frsrmemery Resby HeRlpwynige WitHILTE SFOGRHERR OF FEHARBdRe rocessor.

i pl 4 . . ) _
e R
agnpemnph i killedf astthe apetoatialg spese, thgr present igaiertion.  Various

abi lity, and ) hni L
SRR Grsams!o B erorpronBigl e sy aBeaBudt Bospieq in the art
SHANRE loe i PR ITR e sPRERES BEreliLAMY b8 AppiRid W@rothérRaibdidnts without

[ 0081]" The ‘techni ques described herei n may be ) o
deppitngelinere dhd piviaor eepperms 4he invEptiorex Zhy, éhe pigaans invention is not

t echni gues,. i ' ' -
ORI 5k PRLTEN Rl Ba PRI A4 UBEEa e wdes
$03pt eoBitteht Wdth, thé Pendiples esbha\@! fhaiurss disdoketl Gpeid.or m
partial FFT and/or denodul ation for the interlace(s)
of interest may be inplenmented within one or nore
@thj[ catiwp\ P Re e AiviDtigYr ated circuits (ASIGCs),

igital signal processors (DSPs), digital signa
processi ng devi ces (DSPDs), programabl e | ogic devices
(PLDs), field progranmabl e gate arrays (FPGAs),
processors, controllers, mcro-controllers,
m croprocessors, electronic devices, other electronic
units designed to performthe functions descri bed
herein, or a conbination thereof.



[0082] For a firmmare and/ or software inplenentation,
the techni ques may be i nplenented with nodules (e.g.,
w@emeeghaees, functions, and so on) that perf orpPeT/Ig2006/008769
functi ons described herein. The firnmware and/ or
sof tware codes may be stored ilff a nenmory (e.g., nenory
882 in FIG 8) and execute rocessor (e.gqg.
processor 880). The nennrygngél i mpl emented within
the processor or external to the processor. [0083] The
previ ous description of the disclosed enbodi nents is
provi ded t cAreapphtaeusaoynppingon skilled in the art to
make or use the present jnvention. Various

modi f 2t FESTOPRE PIOCEREs eondiayg: ioetsiest @ |oastyener se4 @f isybearriers from
. . | . .

D S BB o Ry o K2 brocB e SE BN samples

¢orbidinnmermedinte sompled oqralr tb ipegfofm anletdtens Past Fourder temefoem (FFT)

of the invention. Thus, th resent invention is not

ORI RSP At ainlas B Gbtan FABIeaRE AR DRUSI AR sl Mot one set

BEsubcarress; Bgd accor ded the w dest scope consistent with

the principles and novel features disclosed herein.

[ 0084 MEEAOrY condedtaviEDat Isastion MRCcessonn appar at us

conprising: at |east one processor configured to

sel ect at | east one set of subcarriers from anong

mul ti gl e s&hs gipasabinc T tleing, 1,t wheid Qhén at least one processor is

pre-processing on time-domain sanples to obtain )
F?ﬂfééz’ﬁ%dd Foy PertQEmYIint JHIs, n $he fisraslemain cagplesnavhess M is the

ROMbELCHE {ei2BS EcReR Tha 89 %@ﬁgﬂyfﬂ;o@ﬁﬁ g% Z#eevégé@ gﬁ'g& Kith unit

obtai n frequency-domai n sy

semplek vglubg torolitain she iatedmedinersemplesoupl ed to the at

| east one processor. 2. The apparatus of claim 1,
wherein the at | east one processor is configured to

perfosm M mab nipphfalis @R &1bien {1, MRmeRIRIthe SRMRLES ondEb&ssor is
Mis the nunber of sets of subcarriers, and to
aenfigupdy touoiair shoftimedompiposamplerTe olitein totited camplasx and to

AE Ty Bedph R ehbps CRERIe e Bt

processor is configured to rotate the tinme-domain
sanplgs to_obtain rotated sanples, and to accunul ate
the rot at edheaPRIAYS ploclaBr Ai Whemia the fremasy ineafigured to store the

8RRRIBRin Qam%l?? irP R RRECEHS 101, ﬂdﬂﬂgrBr$vidM§J SR dofiain samples for

menory 1s configured to store t
pre-processing in a second direction.

5. The apparatus of claim 4, wherein the memory is configured to store the
intermediate samples in the second direction, and to provide the intermediate samples

for FFT processing in the first direction.

6. The apparatus of claim 4, wherein the first direction is column-wise and

the second direction is row-wise.

7. The apparatus of claim 1, wherein the at least one processor is
configured to perform pre-processing in accordance with a pre-processing scheme

selected based on the number of sets of subcarriers selected.



time-domain sanples in a first direction, and to

provide the tinme-domain sanples for pre-processing in
w@a2@eoomeB di rection. 5. The apparatus of cl ai nP@r/US2006/008769

wherein the nenory is configured to store the

i nternedi ate sanples in the sé@ond direction, and to

provide the internedi ate sanples for FFT processing in

the first direction. 6. The apparatus of claim 4,

wher ei8n t heThei apphraclisr Ctla@m 1, Svheedid! FBr WhchCo e 4tNBast one set of

second direction is roww se. 7. The apparatus of

Shbgarsiers the,at least ensepmocessah i copigupndoeepeyéarmi 8 K-point FFT on K

%%&HJ‘(@ darhPleO RS SRL R g95&§/ CFOZ%%?Q 3&1@2 ggr &féms%te of subcarriers,

a pre-processing sc
mdnftfeM 0K 5Bl M Bfths nilnabdrof 8€ts of QlReHRes, K is th€number of subcarriers
%:Eaciuat us of claiml, wherein for each of the at | east

et grd Niip thertpiabpumbgref subdariess. one processor is
configured to performa K-point EFT on K internediate
sanpl es to obtain K frequency-domain synbols for the
set oP. subJaer agrstusmedr eladdh x1,KwheMiM the dtheamumber pdtessor is
rEﬁgof subcarriers is the number of subcarrlers in

wet f0 RERrIR 4 Hrst HET ograafirshistiob intemeshiase sampley i otgain a first
I&te ofPR&JRh&Ed&thaif! @jlrﬁbéls Meﬁeflﬁtt&@ &t shﬁ%ﬁe Qnﬁsed for pilot

rocessor 1s Conflgured to per orma first
pRsRisyen, afl th pedpme disacandsiibes secorsbseniofi naerfmleld&tte samples to

. 0 nai n nmbal s for.a first set
S8} oL RN AL SRkl o Gl AT Scaries s
ferdacr thaneméemanshdFT on a second set of internediate

sanpl es to obtain a second set of frequency-domain
synbols for a second set of subcarriers used for data

transipssi ¢fe @bl of NQuFPRAT ShiRiCins | gu?’% gne processor s

wherein the at 'feast one processor I's con
gmffgurewh ® pdrfareh FEErdORFE dnha tidrd edt dffinienhedin®@Hagiples to obtain a

es f%) obt alﬁ athir et of frequency-domain

@\}%%ﬁ Ol BPAEIERFPYA Lty %lﬁ"brc arthird st @f éélb‘f‘%’ﬂer@dtséd for data
trhnssgigsi on. 11. The apparatus of claim9, wherein

the at | east one processor is configured to derive

channel gain estimates for the second set of

subcagyier flr of frequency-donai n

Synbol & Calt PRBiahl P Bt et L Ebiokomgpssor is

édn;ﬁgumtdcm déﬁﬁalcﬁarﬁl)én’gﬂhsestﬂnbﬁs trbrethe RacuRl se®8f Bubcarriers based on
stim

the first set of frequency-domain symbols, and to perform detection on the second set of

frequency-domain symbols with the channel gain estimates.

12. The apparatus of claim 1, wherein the multiple sets include equal number
of subcarriers, and wherein the subcarriers in each set are uniformly distributed across

system bandwidth.

13. The apparatus of claim 1, wherein the multiple sets of subcarriers are

obtained with orthogonal frequency division multiplexing (OFDM).

14.  The apparatus of claim 1, wherein the multiple sets of subcarriers are

obtained with single-carrier frequency division multiple access (SC-FDMA).



12. The apparatus of claim1, wherein the nultiple
sets include equal nunber of subcarriers, and wherein
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across system bandwi dth. 13. The apparatus of claim1,
wherein the nmultiple sets of &lbcarriers are obtained

wi th orthogonal frequency division nultiplexing

(OFDM . 14. The apparatus of claim1l, wherein the
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subcarriers. 16. The processor of claim15, and

conf i dar ed The ppevessar rof Mlaiai I, afdF Esnforuréd® pérfeemddipoint FFTs on

| es, wh is th f t bcarriers, _
TS S TP G GeMOR TeTres 3 FRES PEFDCRTERS. i 16 multiply
cofRtL¥f Vind Wepoin® FEMtsaivitht it icBhBleREMIAdE 15 3BREEShe Ifermediate

The processor of claim 15, and configured to performa
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first set of subcarriers used for pilot transm ssion,
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for a second set of subcarriers used for data transmission.

19.  The processor of claim 18, and configured to derive channel gain
estimates for the second set of subcarriers based on the first set of frequency-domain
symbols, and to perform detection on the second set of frequency-domain symbols with

the channel gain estimates.

20. A method comprising:
selecting at least one set of subcarriers from among multiple sets of subcarriers;
performing pre-processing on time-domain samples to obtain intermediate

samples; and
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wherein the perform ng pre-processing conprises

performng M point FFTs on the tine-domain sanples,
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PﬁFE&HEHiate sanpl es to obtain a second set of
frequency-domain synbols for a second set of
subcarriers used for data transm ssion.

23.  The method of claim 22, further comprising:

storing the intermediate samples in the buffer in the second direction; and
retrieving the intermediate samples from the buffer in the first direction for FFT

processing.

24. The method of claim 20, wherein the performing at least one FFT
comprises

performing a first FFT on a first set of intermediate samples to obtain a first set
of frequency-domain symbols for a first set of subcarriers used for pilot transmission,
and

performing a second FFT on a second set of intermediate samples to obtain a
second set of frequency-domain symbols for a second set of subcarriers used for data

transmission.

25. The method of claim 24, further comprising:

deriving channel gain estimates for the second set of subcarriers based on the
first set of frequency-domain symbols; and

performing detection on the second set of frequency-domain symbols with the

channel gain estimates.
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obtain the intermediate samples.

28.  The apparatus of claim 26, further comprising:
means for storing the time-domain samples in a first direction; and
means for providing the time-domain samples in a second direction for pre-

processing.

29.  The apparatus of claim 28, further comprising:
means for storing the intermediate samples in the second direction; and

means for retrieving the intermediate samples in the first direction for FFT

processing.

30.  The apparatus of claim 26, wherein the means for performing at least one

FFT comprises
means for performing a first FFT on a first set of intermediate samples to obtain
a first set of frequency-domain symbols for a first set of subcarriers used for pilot

transmission, and
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perform at least one fast Fourier transform (FFT) on the intermediate samples to

obtain frequency-domain symbols for the at least one set of subcarriers.

33. The computer-readable medium of claim 32, and further encoded with

the computer program to:

perform M-point FFTs on the time-domain samples, where M is the number of

sets of subcarriers, and

multiply outputs of the M-point FFTs with unit complex values to obtain the

intermediate samples.



