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OFDM can be used to combat frequency selective fading, which is
characterized by different channel gains at different frequencies of the overall system
bandwidth. It is well known that frequency selective fading causes intersymbol
interference (ISI), which is a phenomenon whereby each symbol in a received signal
acts as distortion to one or more subsequent symbols in the received signal. The ISI
distortion degrades performance by impacting the ability to correctly detect the received
symbols. Frequency selective fading can be conveniently combated with OFDM by

repeating a portion of each transformed symbol to form a corresponding OFDM

symbol. The repeated portion is commonly referred to as a cyclic prefix.
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In an aspect, a method of estimating a channel in a wireless communication
system comprises obtaining at least two groups of received pilot symbols for at least
two sets of pilot subbands, one group of received pilot symbols for each set of pilot
subbands, wherein a second group is staggered with respect to a first group, dividing
received pilot symbols into even symbols and odd symbols, wherein the even symbols
include actual and excess components and the odd symbols include actual and excess
components, determining an even effective estimate and an odd effective estimate based

on the even symbols and the odd symbols, respectively, selecting a first set of time-filter

coefficients for estimating an actual channel, selecting a second set of time-filter
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odd symbols, respectively, selecting a first set of time-filter coefficients for estimating

an actual channel, selecting a second set of time-filter coefficients for estimating an
excess channel, time-filtering for an actual channel based on at least the even effective
estimate, the odd effective estimate, the first set of time-filter coefficients and the

second set of time-filter coefficients, and time-filtering for an excess channel based on
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[0020] The techniques described herein for time filtering for excess delay mitigation

may be used for various communication systems such as an orthogonal frequency
division multiplexing (OFDM)-based system, an Orthogonal Frequency Division
Multiple Access (OFDMA) system, a Code Division Multiple Access (CDMA) system,
a Time Division Multiple Access (TDMA) system, a Frequency Division Multiple
Access (FDMA) system, a single-input single-output (SISO) system, a multiple-input
multiple-output (MIMO) system, and so on.

[0021] In an OFDM system, a cyclic prefix is inserted at the beginning of each OFDM
symbol to remove interference across successive symbols. When the delay spread of
the channel is less than the cyclic prefix and the receiver is synchronized to choose the
appropriate FFT window, there is no inter-symbol interference (ISI) between successive

OFDM symbols. Further, linear convolution with the channel impulse response is
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transformed symbol that contains Ng chips. The IFFT may be expressed as:

s=WywS . (Equation 1)

where S is an N X1 vector of transmit symbols for the N subbands;

W, is an N XNy discrete Fourier transform (DFT) matrix;
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FIG. 2B shows a sequence 220 of received chips for the wireless channel shown in
FIG. 2A. Received chip sequence 220 is a convolution of a transmitted chip sequence
with taps 212 and 214 for the wireless channel. Received chip sequence 220 is
composed of (1) a chip sequence 222 generated by convolving main channel tap 212
with the transmitted chip sequence and (2) a chip sequence 224 generated by
convolving excess channel tap 214 with the transmitted chip sequence, where s; denotes

the i-th chip for the current OFDM symbol, x; denotes the i-th chip for the previous
OFDM symbol, and i =1 .. N..
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seqtidnedd 224-bid §2’6T¥Bpkese%ﬂ thé @ékpieﬁéestthﬁ Woﬁlh hahé pedrofecdihed for taps
revious OFDM synbol, and I =1 . WD 2005/ 074217
@dﬂéﬁm@% preim[ leoath]wqrp @ff@@nélmdm giktap 214 is part of the

rgg ﬁ%ﬂ?&% t H%Uve%r Elﬁ?@ih‘i’%q In%p{}fé a8 l&ﬁﬂ);sgﬂg%l%e%:?%oanélB%’iOsare both

eren nmponen sequence
du‘epioathedemetdﬁ dé]:h)f spreati pChqq anmencezZBS rgemsmt deb lpgkage of the

circul ar_convol on of excess ¢ |t 214 with
Rrﬁ@% QEPNS s l Hato & COpen ﬁ%'ag& ;f 5 i gource of
W‘F 11%@&61%956 t BRipt Rlhend Q3@frez[§rgﬁn%rtﬁ¥|(ﬁ’éﬂl§rbﬁf@% the circular

a chlp sequence for the tail end
w[rlvbllueon and Bﬂhe QRDM @yn@mam@hntpﬁe@gqmgﬁ&@dmgnmh gttenuation.

22 LGP BB STUSRRE R e R 8 o

| ength- were sufficiently long and tap 214 is part of

t he g arpel verg Si kLh}qus not the (gquation 3
case, |gl P s‘éqr‘gzﬁ‘e {ﬁgg Neind 2 are bot'h’ due to % e on )

excess del ay spread. Chip sequence 228 represents the

\@%gﬂaﬁem% Nhe &1 RERY bPH%sﬁpgjxﬁl%’dfpﬂJr tﬁ&é@wbﬁ@o@w Sfhbol;

is the sourc I nte

| nt er gggem& anfﬁﬁe NERRRE GichIe LLPYCSERL Br WO2 . : and

di st urtarite "t o rcu convol ution an

O en T 8 RGES, elo? AL BRTRL. ikl DY g%ggmslv of Wi, -

observed i n each subband nay be expressed as: |ISI(k) =

TR opefdikds . ﬁk,)\,Vﬁle s aff O, ki1=lector X , theEcptinothe last Nex
3) where X 1% an NF x 1 vector of transfiit synbols

s b ehePpRVIRN SOV eB#I0l The \leﬁlﬁ tlloﬁ @ XNe XwthNW, . (k)
d‘Irrlgfgrix vlehthe | ast I\fmrovvs of VWNF : andX'\>le 1XNe%1N

éd@:ralte% tBe IntesfdNente\dae t®thevd lakt N hehips bﬁtsuMd&l errent s of
the k-th row of WNEXNF_ .. The operation WN#XNF -

gerdde @pise peiveNex erah sibbarst dyaNExInteRyIMRoh mtaﬁfﬁgnqer@nlb%xpfessed
X chips of the previous OFDM synbol. The
nul tiplication of XN. with WLXN. (k)

O = Eg-|h,|* - (N INp) , for k=1. N, (Equation 4)

where E; is the transmit symbol energy, | A, |? is the power of the excess channel, and
o2, is the noise power due to ISI on each subband. As shown in equation (4), the ISI

noise power per subband is (1) proportional to the excess channel energy |4, |*, (2)

proportional to the excess Ne, which is indicative of the amount of leakage of the

previous OFDM symbol onto the current OFDM symbol, and (3) inversely related to the



generates the interference due to these |ast NeX chips
on subband k. [0030] The noi se power on each subband
wale@sporint er synbol interference can be expr esReEUSHSS/001588
o- s, =Es" | he 12" (Nex ¥ NF) , for k =1 .. NF
(Equation 4) where Es is the transmt synbol energy,
| he 12 is the power of the excess channel, and 6 s,
snbdreofniota esupbamels siee the b8l IBnneiae poseb badistribied over the Ng
éﬁgmn in equation (4), the ISI noise power per
Mdfd i s (1) proportional to the excess channe
[0031] enqrhg}hoﬁserﬁ)v;eg on_ dadh subaRB At k& 'ﬁﬁérch@l& NRe@4eRSEScaNBe computed
whi I's i'ndicative of the anmount of |eakage of the
mrsemlmamm fyietsymhelintehfsrange peghex 8sinbol , and
(3) inversely related to the WD 2005/ 074217

the. 1 Geal £ gi B mdar (Now el - bufbck Bier Ner. RBIUaton )

subbands. [0031] The n0|se power on each subband due
ntercayrier inter b ted
%’B?FFI%!FI Wﬁaﬁ?]’lé‘?ls%lgo‘?‘?fr uFﬁ‘i’ B::‘;I‘sa et el?ﬁ Hpgr:ncel gnd
[0032] %;?s %B S(%lPWS an J,c::fféc ” clha{%l :5%9 f01[ ‘}gl\%lré\lﬁmmnﬁmﬁoém in FIG.

Ale R@éssi@ggaokto (UE. 20, d:}ﬁ—j) sefuefaE l226 hjéiﬂied&dts th@@3&ribution due to
FIG 2D shows an "effective" channel 240 for the
%Cﬁ@ﬂ elpnghiainél4 daswrinenthel Ge cyqlic pesfig s 1ge 1sAORE)o and chip

%nc%%?@%@l%séﬁﬂﬂ% \CRired 10§ ?%8 WS e d3gs El@iﬁ'ﬁél' bifd Qibtraction

due 15 ““excess channel tap 214 (assumng t

cgm:itum for eshipx séchehm%(brﬂsulymparﬂand « hidoctiore qll grecsig@8 power for

ent s e source of due to.the exces
ARBHBranaT LS RRFon G b6 Bes R GRTCr 39 SR detpntsss channel

Hesy t Iy r edugt i it

BRSSP -y AT LRl e, 200l hannel 240

1n@fud@§’ taﬁ%b'}ﬁglr@(ﬂ‘i@ c@ﬁil\g%ﬁ %aﬁ"b’ﬂﬂ @ind altap Z%ﬁa&iﬁg @ complex gain of

factor of (1- shown in FIG 2D,

éf f(beN yEN ghaﬂ?hetedzm@on mrthd: g@iﬁ@f a2 M2l dtixe iten ghetgael of tap 214 is

conplex gain of hl and a 216 having a conpl ex

mferrqdew(a@-“cheme/l afgeuatiorh éncf esuks flom Pxpeﬁswéelghusweeg for tap 214.
216 .rel 214 is referred

i@eoaégomgﬁ ﬁﬁée v Itggsn%a edgcgt% ¥ gegrsee}g"m ts from excess

[0033] de|@wc§ﬁéﬁpﬁ'fcﬁrﬁfs dhafine %Almatiﬂnan b defivah tieanmal éstimate for the
is related to the excess. Nex 0033] A recejver

pEelesy ﬁltan@ﬁlanﬁéﬁm@% EFHBRLBNiSi tﬁplsalébé pefrmed, based on pilot symbols,
gggﬂ NGL BSaIARGE syrfth ¥ ?l% Rttt &b Y- hSHBORGr. The pilot

mation 1s ty y perforne sed oh pil ot
Symtiodd say bm,luianhnﬂneé inmeatiduatmanners )aatiedcslbtdh be¢loar e known

00301 &, BHECS, 0 oL na? <P B oS B e oo

system. The OFDM system has an overall system bandwidth of BW MHz, which is

partitioned into N orthogonal subbands using OFDM. Each subband has a bandwidth
of BW/N; MHz. For a spectrally shaped OFDM system, only Ny of the N total

subbands are used for data/pilot transmission, where N; <Ny, and the remaining
N — N, subbands are not used for data/pilot transmission and serve as guard subbands

to allow the system to meet spectral mask requirements. For simplicity, the following

description assumes that all N subbands may be used in the OFDM system.



[0034] FIG 3 shows an exenpl ary subband structure
that nmay be used for the OFDM system The OFDM system

whawsamover al | system bandwi dt h of BW MHz, whPCTUS®05/001588

[0035]

[0036]

[0037]

partitioned into NF orthogohal subbands usi ng OFDM

Each subband has a bandwi dth of BW/ NF MHz. For a
spectrally shaped OFDM system only Nu of the NF total
subbanfs theesalised illostrafimnabpi QXM swmtsmiis sonsiderpdhevhere channel

e s T
BubRengs orAALBY 1o RLSIEEY tdﬁmﬁ?letfain%@%‘ﬁt{e’%l asTBSK

requi renen ow n

e &t BJEIER oL s T B

9 [OOSE% For the sake of illustration, an OFDM system
i s cof8f8ered where channel estimation is based on

uni formgy %pgscﬁg ESﬁin&b%} Df llpﬂo{s Q%ﬁ{errf oalﬂanﬁywdtﬂgql'uﬂlbe;r BP channel

k™'t receltve d equency domal n
be written @By D %C%\‘(?E) =W D h(k) +w( k)
(Equatign ¢} a/ewa?é' Y, W'atc‘e ﬂ@nﬁHmea'thlfle RbikO4Sis white complex

carriers, g r 'of channel taps assuned
by the rec P\}%}anwktlh?éa%E? s Y, H ware of Iength P

and the noise wis white conplex . Gaussian with

vari anc@® N&e Mg Wt %(WRPETrJD D gsubmatgx ol the ypppyinafized DET
of the unngiaiyld i zed DFT matrix C 2~NN where N is the
total nunber of subcarriers. [0036] The number of

channel taps D< _ P. wever, in {an,Zwbodi nent a

longer channel esti matey 6P TER NG w T W th scenarios

where the channel has a delay spread larger than the

cyclic prefhde NG tﬁ@totﬂ dueieeer sibamdels. esti mat e,

pllots re sta acr.os ccessive OFDM s

TR SR P SERrhE R S 2° FIRPRIE, a0 | o0ahan o tonger
@déiﬁﬁﬁ%%in‘ﬁﬁte fOF BMIEEPRA Scedbrisloskdrt BRAchahhas At REFHeshd larger
pilots [0037] For sinplicity, assumng a two synbol

beadhrecydiy pafikerfo gef adergen gshfwehiestimale, pietpdre staggered across

successive OFDM symbols, i.e., the pilot carrier indices are changed in successive

OFDM symbols as described below.

Staggered pilots

For simplicity, assuming a two symbol staggering pattern: if the uniformly

N
—n+n
spaced pilot carriers are of the form P " in the even symbols, they would be

—n+n,+ ﬂ
P 2P in the odd symbols. With such staggering, we can get an estimate of up

to a length 2P by using the pilot observations from two neighboring OFDM symbols.

Specifically, assume a channel with 2P time domain taps. Then

2pP-1 27rl [(N/P)Yp+ngl 2P-1 27rlp Zmzol

H,(2k)= Zh,(zk)e Noo= Zh,(Zk)e v

1=0
P-1

- 2P } Zﬂlp _2zngl

[h (2k)—e " N B, (2k)|e W

1=0



[0038]

[0039]

[0040]

[0041]

[0042]

spaced pilot carriers are of the formP in the even
synbols, they would be N N -n+n0 + P 2P in the odd

W@ wbore17 Wt h such staggering, we can get an BSL/USHD&E001588

of up to a length 2P by uddng the pil ot observations
fromtwo nei ghboring OFDM synbols. Specifically,
assune a channel with 2P tinme domain taps. Then 2P-1

ﬁ ; c g. .[2 l((%rp}lf’@%o %n%ﬁic%t:ycz) ’s%tlz go 2 g] 2J02§$E%%k%t§£’%%%?2§ ) llaet\blFe:n phases

_Z h1f2k)-e' N I h+P(2k) e P e N 1=0 WO 2005/074217

CT/ 005/ 001588, 10 [0038] For, further si i City

EéPd Eﬁz =thyugly %ﬁ@b%@xmﬁaﬁmﬂg@ asTiEL et }Eﬂﬁé%‘éésn"- NWe then
f,@and 2P , though the above expression can be carried
t%rough for any nO . W then have P-1 2,rlp Hp (2k) |

[Ih (2k) + h1+P (2k)] e-', P 1=0 [0039] ;’b,g;;ilarly, for

the odd synbol s, 28 L@A'ISI[6N2LP) oN1E2PY] Hp

(2k+1) _ 1 hl (2k+1) é"@ ]%l gﬁ[ohmp-j; ??’{( gg;]r 1p

=l [ h1( & P 1=0 [0040] Thus, the

pi | ot %’glgi%{yg?#géé@%g}bﬁ% %ven and odd synbol s can be

witten as Y(2k) =W, p_[ha (2k) 'tm[nﬁpf%ﬁ%@l’l] + W 2K)

Y(2k +1) = Ny ; M 2K
HERE I (LR RESRED S8 w2k 1)

P-1 7zl 2z;lp
1=

=3[ Q@k+1) =R, ,2k+1)]e Fe  *
0
Thus, the pilot observations in the even and odd symbols can be written as
Y(2k) =W, , [h” (2k)+h* (2k)] +w(2k)

YQ2k+1D) =W, , A[h“ k+1)—-h°(2k + 1)] +w(2k +1)
(Equation 2)

Pt
. s
A= d1ag{e P }
where =0 and the superscripts “4” and “€” denote the “actual” and

[=0,....,P-1 .4 l:P’---’zp"l,respectively.

“excess” taps that correspond to
To get an estimate of the channel from the observations in Equation 7, one
possibility is to use a least-squares approach to estimate the effective time-domain

channel. Equation 8 shows an even effective estimate and an odd effective estimate:

hQ@k) =W, Y (2k)
hQ2k+1)= A" WS Y(2k +1)
(Equation 3)
The effective estimates above include both actual and excess components. A
simple way to get the full 2P tap channel estimate is
fo B0 +h2k +1)
2

fe o h(2k)-h(2k +1)
2

(Equation 4)



zi D1 A=diag e' P where 1=0 and the superscripts " a "
and " e " denote the "actual" and " | =0 ..., P-1 |

WGR05/074217 2P-1 excess" taps that correspond tPCEHOS2005/001588

[0043]

[0044]

[0045]

[0046]

[0047]

respectively. [0041] To getllian estimate of the channel
fromthe observations in Equation 7, one possibility

is to use a | east-squares approach to estinmate the

ef f ect BEqeationn® isdjmsta speodzh a;asaed)f. a BguaigemeralBoshaiivs where the time-

Syen eLleell v eSLIRte B &1 000 GITGeLINE 0L MBLEL o

Ahultigfl O M Eygbsisl &ukh \éeeﬁgﬂhg @?Fc@&r&p&%{% thRGilen Qﬁlb 1t is done
act ual and excess conponenfs. A sinple way to ge

faplatatl fbxa&cﬁhﬁ(ﬁlﬂﬁiuabﬁmbmhﬁm sph"THY(Rk)lting k§tdkate ol)tap at any
2_he h(2k 2k + 1; 2 (Equation 4) WD 2005/074217
5@1\@@1@9 '6‘ or eveD) eAREIF IRt i on 9 is just a

speci al case of a nore generajoperation where the

time- domain estimat esﬁj(gk)'iqu lapg‘@,@ﬂ({@b} ai ned every
OFDM synbol ) are averaged ac nul ti pl e OFDM

synbol s. Such averaging is referred to as

ti me- fuhbteaV | 40d.NV,a0@ thé numbelosfenonseealaing! cmuiarbrta;satebpecuvely

i ndi vi trne |nt The resulting e

Lo VDR e %rﬁa bR comtlonntiS 1 o bibe W o' =2 and
witten as No 1(2k) a,,,, (2k - n) n—-NJ
where Nf and Nb ar@’ozt‘h@urru(ﬁ%’er flﬁopn causal and

causal taps, respegltryglsyand&nzt_tu§ﬁk@r{ezqu
Equation 9 corresponds to chodsi ng Nf =0, Nbo =2 and

a0, 1 =Ahps=us, set < tipe-filten coeffipignts) is chogers facestimepipg jthe actual

channel (I < P) and another set is chosen for the excess channel.
Consider more general strategies for choosing the time-filter coefficients for

the two halves. For clarity, the filter co-efficients for [ <P is denoted by ¢, and the
filter co-efficients for / > P is denoted by /£, .

Time-filtering for the actual channel

Apart from separating the actual and excess channels, the choice of time-filter
coefficients are governed by other constraints as well. Time-filtering enables the
capture of additional pilot energy and improvement in the reliability of channel
estimates. However, using a long time-filter can introduce degradations due to time-
variations of the channel.

For the sake of illustration, focus on the observed " time-domain channel tap

in an even OFDM symbol, and assume that channel varies linearly over the N, + N,

symbols that are used by the time filter. Using Equation 8, we have
I (2k —n) = B 2k —n) +(-1)" ™ (2k), 1=0,...,P-1

and

n' (2k —n) = h' (2k)—no,
B (2k—n)=H (2k)—nd,, n=N,-1,...,-N,



[0044] Thus, one set of time-filter coefficients is
chosen for estimating the actual channel (I < P) and

wapetheriset is chosen for the excess channel . P¢DO&5)5/001588
Consi der nore general stratlggi es for choosing the
time-filter coefficients for the two hal ves. For
clarity, the filter co-efficients for | < P is denoted
by an and wihere djdnided, acotheffopes efiths attanl dndexRedshannels at tap
denoted by ,6n . Tinme-filtering for the actual channel
[ 0046] . Adaally,fthens tmpamtstiong whdd det cmabelach dlamgoesls the excess
channel s, the_choi of time-filter ficie
Gover Huingl " cRFEE: dBnEPPSIA o, Wi i Sprefidefthgan be
enabl gﬁnﬁlaﬁze(p@pture of additional pilot energy and
i mprovenent in the reliability of channel estimates.
However, using a long tinme-filter cam- ntroduce
degr adat i ons du€ahee] kkddes chaanelat i ons f(_tm@ channel .
[0047] For the sake of illustration.,~Wpcus on the
observed | "' time-domain channel tapy.in an even OFDM
synbol, and assugmBcdl hatiaghael var i }mne@rly over
the Nf + No synbols that afe used, fthetlrre
filter. Using Equation 8, we have | N(12k - n) =
lilac™"a  (2k - Cihcet vhridkon Kexcess (3R) 1978 =0, P-1
and ka(2k-n)=hl (2k)-nSa hI e(2k-n) 5 ? n$S n=NG
-1,...,-Nf WD 2005/ 074217 PCT/ US2005/ 001588 12 wher e
8,, and 8, are the slopes of the actual and excess
channels at tap 1. ldeally, these time-variationgquation5)
woul d be cancel ed along with the excess channel.

[0048] Hence, Sinke thesastomairains ae ibveziani e -af siclaleefactor in the co-efficients, a

BBl B oS S REA S oo SBeg be unbised
Valdhahde 8Q : Y n a,, =0 n=-Nf Nb-1 Cancel
variation 8, : Y (-1)" na" =0

Ny—1
Unbiased channel estimate: Z o, = (Equation 6)
n=—Nf
[0049] For example, given a three tap filter with one non-causal tap,

ie.N,=1N, =2, and the constraints in Equation 10 and Equation 11, the solution is

{0.25,0.5,0.25}. In the absence of excess channel taps, the optimal solution would be
{0.33, 0.33, 0.33}.

[0050] When the number of coefficients is greater than the number of linearly
independent constraints, the coefficients can be chosen to minimize the noise variance

in the time-filtered estimate, i.e.,
Minimize Yo

under the constraints of Equation 10 and Equation 11. It would be
apparent to those skilled in the art that since the constraints are linear and the
objective function is quadratic, this optimization can be solved using

Lagrange multiplier techniques.



n=-N f (Equation 5) [0048] Since these constraints
are invariant to a scale factor in the co-efficients,

wW@2008074281 | zati on constraint nmay be inposed, erPQI/US1va$/001588

[0051]

[0052]

[0053]

[0054]

t he channel estimate be unbBdased, which nmeans Nb-1
Unbi ased channel estimate: Y an =1 (Equation 6) n=-N f
[ 0049] For exanple, given a three tap filter with one
non- ca‘imalﬁht:a'pg forith@exchlﬁs chadgelNb = 2, and the

constr

ol ut | Bhot Bor. pelechoRcPia et dag: s DiefaedBsEA e tBf festcBsigps. For
6233 i g orepap B PR ERCosR bbb B B denlify b%?ﬁﬁ}? S is

Comat 11 SEQTIZ, Eods Pefl oy EGar MmbABRCRt (gt P since only the
eré%cteiss:?ﬂz)% are; eg? an(ilgox\égﬁ}]lt}a?rﬁ% Eogngm tfh st Py tIJ s [ﬁxlﬁel I%lf%fﬁ%tgd Hence, the

Wﬁ&bﬁl@dlﬁtﬁlu@floﬁﬂlﬂafelrﬂ@mﬂ;éh@d Equat i on 11 It woul d
be apparent to those skilled in the art that since

the constraints are |inearwvand the objective function
i s quatnedliaciual dHagnelpt i mi z3Xi Bp=0an be sol ved usi ng
Lagrange multiplier technisgwes. W 2005/ 074217

PCT/ US2005/ 001588 13 Tinmexftiltering for the excess

chann@antd Oadiatidhug f ar, ?‘meﬁﬁi e of filter taps has
been restricted to the fir&H, P taps. For | >- P, the

taps correspond to the excgss channel, and are denoted

by{, 6aneclVaA&Zdn &N : choosi @ (19718, —~dhe goal is

rever sed fromthat for | <.y, since only the excess
ns fromthe first P ta

t aps ar.e, kept t . .
b ol PRPh TR S diRRAn} ' Biteck A Seiiecitiar iRt o5 in
Bh@ativadi f icefl lﬁslmﬂ)\&ed.l ﬁ‘&nﬁlel theet t4pl nsiheangl filté, the solution for

{8, B,,6}is {-0.25,0.5,-0.25}. It would be apparent to those skilled in the art that

similar solutions can be obtained for other filter lengths (and other staggering patterns)

as well.

Efficient generation of frequency domain estimate

In a modem implementation, the channel estimate in the frequency domain is
finally obtained on a per-interlace basis. That is, to reduce the number of computations
involved in the FFT operation to get the channel estimates in the frequency domain, a
P pt FFT is performed on the time domain channel estimate (after introducing a
suitable phase ramp), thereby resulting in the channel estimates for the interlace of
interest. With the estimation of the channel taps corresponding to the excess delay in
the channel, there are 2P taps for the channel estimate in the time domain. A channel
estimate for the required interlace can be obtained with a single P pt FFT operation. In
particular, let the 2P channel taps in the time domain be represented by

=[h, h,] where h, and h,are each P length vectors. Given the frequency estimate

for the P subcarriers (d=0,1,2,....P—1) corresponding to the interlace



n=-Nf Nb -1 Cancel variation Sa : Y n,6,, =0 n=-Nf
Nb-1 Cancel variation SQ: Y (-1)n n,6n = 0 n=-Nf

WO 0@58742Cnl y the first constraint has changed, PERUSH05/001588
scal e factor constraint aslin Equation 11 can be
i nposed. For the three tap non-causal filter, the
solution for {N1,f0, /61 } is t-0.25,0.5,-0.251. It
o ek ME ..am paliednthet foedubfse dsihin lthningl tdignas tfot Bt d” carrier in
simlar solutions can be obtained for other filter
héngehsace(iagileablyer staggering patterns) as well.
Efficient generation of frequency domain estinmate
[0054] In a maEem i mpl errentza,t]ommt hgqghannel estinate

in thel frepsency, dori,f(kjes ® fieall yeobtained on a

m

per-interlaceobasis. That is,]to reduce the nunber of

conputations involved in the FFT operation to get the
[0055] channeTheextrandt taps ioh therphanped dessliciy semeetrinial gomplepmmtiplications
erfor he ha est |
Qu% ]f ou? ?%g%lg c\:/alﬁllas %11 m:)e ﬁg gﬁcémb) i gﬂ«? s) o%egatlon followed

lﬁ}eﬁw PiREFRIMwbIE hateBeral peefdims®irespédtive ofi hd Minsticr @€ €hannel taps
interest. Wth the estimtion of the channel taps

'éf‘é% Espbledtiener pet tyncadnbs shanedio iPntapsfheighy Alewing he extra P
%E? @cHﬁlre aa@tﬁ)ﬁ‘ﬁsmé‘n%rytf&ethg B?fg&?ﬁ%gﬁ{p fmte in the tine

annel i mat e equired interlace
[0056] can beSederai aseuinptidns @ndsimpdsed Rirpitatfels iopie adbowe discnssion were

artjcular, let the 2P ha.n taps in the tinme domain
‘g‘édef E@s%’ﬂ??@gﬂwmtwn* S[Cpﬁ‘é\l?lﬁglﬂ where ha and he are

[0057] €ach Psﬂaggéﬂﬂg ﬁa@t‘éﬁprAssm?h‘é@@ s&@&ﬁn@%ﬁ@ﬁc\\htﬁ $dst BRS Bhases (0 and
for the ubcarriers (d=0,1,2...... 1)

)owaegmmhdn gltt would édej mp@rdnaéte th!@em&’dommﬁart that the disclosed

S2005/ 001588 i
FPROIBRED  BORATH clfanbl B8R faeestsg plptn dooes (dffpra) OFDM

bolsl LI ehdH §frhis the Hildtvaa vt &d b a2 thd Bx hannel
}FnZ?rI d He71d(%{<)[ha| ﬁ) o 1 (O%lﬂy$8péazm e P |=o eess Ghanne

1lgessip thmemesdomanp Thawioie af e ehegeriar patemicouldbedsed on other
fabdoWd Bla § QFRI&¥st T likdip! | cat i ons

[0058] Least-squares criterion: In going from the pilots in the frequency domain to the
aliased time domain channel estimate, a least-squares approach is used, which translates
to an IFFT. It would be apparent to those skilled in the art that other criteria for
deriving the time-domain estimate are possible, e.g. an MMSE approach.

[0059] A key point here is the relationship between the time-domain channel and pilot
observations that is induced by staggering. See Equation 7.

[0060] Time-filter length: A three tap filter for illustration was assumed. Clearly, the
approach is applicable for any number of taps that is greater than two, and the filter can
total number of pilot observations is greater than the total channel length assumed,
otherwise, perfect estimation of the complete channel is not possible.

[0061] Filter co-efficient selection: In choosing the filter co-efficients in accordance
with an embodiment, it is assumed that the same set of co-efficients are used for all the
taps in the actual channel, and a different set is used for all the taps in the excess
channel. In another embodiment, a different set of co-efficients is used for each tap in
the actual channel as well as each tap in the excess channel (resulting in 2P sets of

filter co-efficients in the example). Additional constraints have been imposed that the
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[0065]
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(in four out of eight values of m and additions. The
phase ranp operation followed by the P pt FFT would

whaws/obeen performed irrespective of the nunmbePCD1S2005/001588

channel taps being P. Howd¥er, not truncating the

channel to P taps, thereby allowng the extra P taps,

requi res additional nmenory for the buffering purposes.
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estimate are ‘possible, e.g. an MVBE approach. [0059] A

keyFIbidshowesreblosk dirgrane oA enedsk pp)oimQtl\A@‘é and kgerminal 1150 in the
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i[Tustration was assuned. Clearly, the approa
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conplete channel is not possible. [0061] Filte
ponkals jags dppsmgisted dipj %ﬁtaggﬁeéﬁ‘@é@}eﬁg {'\hEaITSiHPF%rr unit (TMTR) 1122

£Qai0kd | gﬁdtl Eglﬁ\%trﬂﬁ MGG @f‘ stylPrFk%ﬁ‘s FRP8HE B More ahal’o@ signals,

assurme e sane Set ficients are use
taditidnls (ehe, atnplified, rflltelnsa amlt ﬂaquembym]&bnveatsbj the analog signals to

different, set. is us for all e taps,in the exces
ESsHie 2 GpHTHPb T eSO UFRERLS 3 JIEFl M cl QuieiGR 1124 to the

&ombhid cients is used for each tap in the actual
channel as well as each tap in the excess channel .
( r e@utenhingl i1Ah5Q, Fans entenif 1153 kaceives dhe tpwoliensignah amCh @rOVldeS a

FAETR) oo B0 8B GRS Shnions .

tiltem8 \waHplidies, OBnd ffrdquenshAbRatonest) ige Gasrewrdd e@ndl; digitizes the
suppressed when choosing the co- efficients. These

eaondlitiongi mg@ah amd peovidss eepsvgd ¢bive el ph §TFHM damodlmtes d 134
t rﬁ(}f 'é LfbwS %n embodiment of OFDM demodulator 1156. A cyclic prefix

removal unit 1212 removes the cyclic prefix appended to each OFDM symbol. An FFT
unit 1214 then transforms each received transformed symbol to the frequency domain
using an Ng-point FFT and obtains N received symbols for the N subbands. FFT unit
1214 provides received pilot symbols to a processor 1170 and received data symbols to

a detector 1216. Detector 1216 further receives a frequency response estimate H ;.

for the downlink from processor 1170, performs detection on the received data symbols



efficients or other system design requirenents. [0062]
Li near variation nodel: Finally, in fornulating the

w@onsoreints in Equation 10 etc, a nodel has PEERDS298%0)1588

[0067]

[0068]

[0069]

where the channel varies lilfearly over the duration of
interest. O her approaches can be used to derive the
constraints, e.g. a statistical nodel can be assuned
fooobthinedetdriminsyimbeds (wich asnestivertest ofntbe dradsmited plagghb$yanbols), and

can, pe posed . i erns of . m.nimzin vari ance of
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%a{dﬂﬂﬁﬁuhﬁ fZF)g O%érﬂﬂﬁh tHieBh ABin@ NG £ BRI ddh 2hdt Qerbe%ddinE to obtain a

ermmal s. 5] At termna 150, an antenna 115

v&&& hES, tHEh CQWaAbE.N kA S FETalniANEBDiHeNi ftefrias ah &Rl ¥adhe vector
signal to a receiver unit (RCVR) 1154. Receiver unit

154 it j : I fie
B RS LRRaL Seene O PR ORG Miondy PGl ipags forthe
bdenigondi tioned signal, and provides received chips

to an OFDM denodul ator 1156. [0066] FIG 5 shows an

emioXli deem tpradessOF OMISd edmnsleduddter (il€l,56ymbfolcgarhaps),pd@htiedeaves, and

N R X T PN

ORDM ' &G8ddieHort 1256 TREMRY AEDAlocsRot N858 rig AidMI¥mentary to the
domai n  using an NF-point FFT and obtains NF received

pipatssing by OKDNM wpdglatobdids . anBFTX udita procedser dridQj thepectively, at
rcecei ve% ]gi bot synbols to a processor 1170 and
PEES RIS 1P synbol's to a detector 1216. Detector

126 the h1Bik, BEEEiddeSpdcdssO UESICHrot &S0 Raficeddid BB rdvides data
d (k) for the downlink from processor 1170, perforns

erlals.i dm DM anadalasen big4agedvesyansomyltiplsxes oy data symbols with
Sii%'i’ SV%QQ%Q%%%%FDM modulation, and provides a stream of OFDM symbols.

The pilot symbols may be transmitted on Ny, subbands that have been assigned to

terminal 1150 for pilot transmission. The number of pilot subbands (Nyp) for the uplink
may be the same or different from the number of pilot subbands (Ng,) for the downlink.
Moreover, the same or different (e.g., staggering) pilot transmission schemes may be
used for the downlink and uplink. A transmitter unit 1186 then receives and processes
the stream of OFDM symbols to generate an uplink signal, which is transmitted via an

antenna 1152 to the access point.
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[0075]

16 to obtain detected synbols (which are estimtes of
the transmtted data synbols), and provides the

wa@ledosnted’ synbol s to an RX data processor 1158rPCT/08833/001588

Processor 1170 includes a dhannel estimator 1220 that
obtains the received pilot synbols and perforns

channel estimation as descri bed above. Wthin channel
estAtrates poli2 2000 ahpiuptink dignelfrom &ARMal élﬁﬂ/'ssretdieed by antenna

nDduI on on_the received pi al s an
cfnp@sep%saﬁdwa?.fS?F“éfﬁdwaf 11% équrﬁo ’~"8?Fl‘é‘3§1 chifs. An OFDM
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estimate HL,,dn with channel gain estinates for
symitfody aridydetatitest syinibolseldr theoipdings AR Xadata mmms@ty%mrocesses the

FFT_ u | FET
Eirqabiioanc s beSoite t8abPRTTLe b aomipd 150"
chpgeksdr MYb $RrioAEP eREMel EstinhRinefo Mach &rmWal Bradfitting on the
taps. A repetition unit 1226 repeats the channe
mpipm 8% deacebgbn@eeéﬂumeetefa@mﬁwxaf itepyNiA Pilabencygeytly on the
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tthg %’B)ﬁfﬂg F}'the %rﬁﬁ‘ Eﬁ%dgﬁt {dp s%rtﬂﬁolfs efdrff‘cgﬁ Ct¥rminal, derives a

response estimate subba s for the

Q{I%Yi‘gél' 1H1‘bulsE Q%%hse@gtl%ﬁ:éi hRT OCRS 1YY tedrhR@] HRRB G Bt ©9nd derives a

demaps), deiAt'erl eaves, and decodés t he
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data processor 1158 js conplenentary to the
epeae s Ta3pOTlsy CEIINE b Emachltfgoma i¢ provided t9 OFDM demodulator

rocessor 1110, respectively, access point 1100.
fb@ﬁ@l}i'@ﬂfoﬁéeﬁﬁwfh&’rﬂ&‘t a processor 1182
t P
DrBRFRSR 1180 ShEATH QBN UER {13 SRR, rmina

Bwﬂofﬂsﬁewvéllj' Niéhoty 8y3110B3 an(ﬂ)él’f?.bxtnie @@Mﬂmnﬂat and data used by
and provjdes a stream of

RPATEPS e el ﬂZQrsFﬁSP?“é‘de]ng ?@YE‘W% B a}ﬁgg e%r}%ialil ?f{h@&o perform
aﬁﬁﬂel%éﬁm%&#ast&scﬁm%e% 1150 for pil ot

transm ssion. The nunber of pil ot subbands (Nup) for
t hd&ou mﬂamy tmmyﬂcbetrztrhﬁu&smm and CUalfn‘eb regtirnatiomo mChhlques have been

rrber ubband or the downlin

disarer of R T pdser e s g MY AP g mott-carie
Rbb@htidd @Bﬁﬁq&%lsﬁéh SCd18iTeS nimy 1o (DMEY for the
downlink and uplink. A transmtter unit 1186 then

r edior vee sofiwarep troplemsatgtion h thes pileta thansmisHpm andnpleangel @stimation
t%eﬁ]nelal?etsemgynbe Pl I lglﬁleﬁfeg%lth m"éﬁ'&hf%*s? (E.%.,tprr&%ﬁmeg,t t%gcthlng, 1Y so on)
that perform the functions described herein. The software codes may be stored in a
memory unit (e.g., memory units 1132 and 1172 in FIG. 4) and executed by a processor
(e.g., processors 1130 and 1170). The memory unit may be implemented within the
processor or external to the processor, in which case it can be communicatively coupled
to the processor via various means as is known in the art.

The pilot transmission and channel estimation techniques described herein may

be implemented by various means. For example, these techniques may be implemented
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antenna 1152 to the access point. W 2005/074217
PCT/ US2005/ 001588 17 [0070] At access point 1100, the

wa@pdosike2sT gnal fromterm nal 1150 is recei ved PYI/US2005/001588

antenna 1124 and processed8by a receiver unit 1142 to
obtain received chips. An OFDM denodul ator 1144 then
processes the received chips and provi des received

i havilwarsy sdfod &e.amda dembiiation sherdaf] sFdror hardwalfpilmlpikmemation the

RX data oces processes t tecte

PRcr eV e Fr R be AP SRS e o BAPIGCILES MM ne or more
&ﬂ;ﬁi@atu{rpﬁ%&lhc Eﬁt@gﬁﬁ&l‘lﬁmﬁi‘tg @ASKl‘sf) Qilgiféal%tg%ﬁﬁﬁ*ocessors (DSPs), digital
estimation for each termnal transmtting o

sighalnprocassinge stevicdse dRHRW, mgnanpn@om eloﬁicnaieglcﬁ%y(PLDS) field
transm ilot caoncurr on the t

RBRERbE! kB SESEAGEOAY ¢ Btsiiorht bRt Bl o Mihgsgomtcoters
Mikbpiacesh®Y, bter @iRtohier umisl Adsigleddiat ngerfdrﬁﬂ&m AsicOvnPYescribed
only one termnal in a given OFDM sy peri od.
mreeespeomliBgiorieicabl ement channel estimator 1220

shown Tﬂe Ele@lou@ deF tloﬁa&r}hé %ﬁs’ﬂd@@é ehl%odl?ﬁe(ﬁfseﬁ%&f)w%lw % enable
obtai ns a requency response es

ahe peplonnkkifled ihhehet ertnicnahalease dusenthei Ipc&semtynrbmh’son Various
recejived fromthe t rn1na| s a_ chann
F@éﬁ&ﬁ%@SégttP%te@ TRent, Wil ?ﬂetr ATy APRRIREY 1Oy g%edsri@ﬂeds in the art,
Hhd the I\}%ﬁ{chﬁigsgd@fmeﬁ'}fé?ém HSuenpYed BSRRBSENbodiments without
estl ..., tor the termnal based on hNup, m

denmrtirfg ﬁqmahc ypm@@p@m @fsthe rimtestipiF Thus, the rpr@a@tmnventlon is not

1313%1@ 15]@('} b%@lp@%(? f/i t?} giﬁDO{iﬂlzﬁnt% %Q%Hﬂg eln FB‘OI? %];)L ée accorded the widest

§Jope esstént $A@0ha peindipiéd afld heed fédnercOBREIatdd b rah.
access point 1100 and term nal 1150, respectively.

Menmory units 1132 and 1172 store program codes and
data used by processors 1130 and 1170, respectively.
WIAASISOCEATMED &8d 1170 al so perform channe
estimation as descri bed above. [0073] For clarity, the
pil ot transm ssion and channel estimation techni ques
have been described for an OFDM system These

techni ques may be used for other nmulti-carrier

nodul ati on techni ques such as discrete multi tone
(DMT). [0074] For a software inplenentation, the pil ot
transm ssion and channel estimation techniques may be
i npl enmented with nodul es (e.g., procedures, functions,
and so on) that performthe functions described
herein. The software codes nay be stored in a nenory
unit (e.g., menory units 1132 and 1172 in FIG 4) and
executed by a processor (e.g., processors 1130 and
1170). The nenory unit may be inplenented within the
processor or external to the processor, in which case
it can be comunicatively coupl ed



to the processor via various neans as is known in the
art. [0075] The pilot transm ssion and channe

we@sioseRion techni ques descri bed herein nmay bRCT/US2005/001588

i mpl ement ed by vari ous nean%. For exanple, these

techni ques may be inpl emented WO 2005/ 074217

PCT/ US2005/ 001588 18 in hardware, software, or a

conbi nati on thereof. For a GClAUMSre inpl enentation,

the processing units used for channel estimation may

be inplemented within one or nore application

speci fii ¢ i Al RYNRHRH cSlimaHhd & cﬁéﬁe@ﬁ a vilkdéds&onSh@N&dtion system,
processors (DSPs), digital  signal processing devices

( DSPDsYmpps$ingr anmabl e Ioglc devi ces (PLDs), field

pr ogr anmabl

controll er g’gtﬁﬁ\at egtafé8%%W8l §raves Fde ]i%gr oc(g Pg ssyé%l]),ols for at least two

ot her s@k 6 bil&Fubbatitks | Sned@Bif BE Eeckiy e PIHOEYMBAIE for each set of pilot
functions described herein, or a conbination thereqf.

[ 007 6pubbaadsy Pdgredn thedaend; gmrbﬁ strzeened withsiesRasbip the first group;
enbodi nent I

e ors SRR Q4 g4, SRR @RS i ol sy,
Var i ousherei dief ¢veat dymtold mcldalesaeumlrtandhems sonipoherie and the odd

readll%Il ? ho e skilled in the art, and the

gener # Bﬁ ‘ﬁ#é@“@ MIEGCHSOCEPRRY be applled to

ot her enmbodimRRhmoVad ROUL erEaRRy Eétﬁ‘lgaté LA 484 Riffebfive estimate
or scope of the invention. Thus, the present invention

i s nobased wndhgedntsymbels| anmtluaa@ﬂd gymbods, esspodtiviebnt s

shown her ei

cons st ent “FITE hain 1o AREEHIR, dfelhPeRt ssBERRRe an actual
di scl gg@gleherein. WHAT IS CLAINED I'S: WO 2005/ 074217

PCT/ US2005/ 001588 19 CLAIM5 1. A nethod of o

esti mat i ngsdedingrintecond st ofjtined-BEer coshfifiente 501 sHmating an excess
system,, pnpr|5|ng obtaining at | east two groups of
recelvedlpllot synbols for at least two sets of pilot
subbands, dne-filteing fof ahecrial elthnpel bised onballsast mhie e\amheffectlve
set of pllot subbands, wherein the second grou

st agg&¥ERAtGy the 9dd Shisetive gstiomaie. the dstgieb @b td-iteh %jfflcwnts and
r ecel ﬁ%e@%%ﬁet §fytﬂ9 eSiek EEe?ﬁ&ngg aynbol s and odd

erern t e even synbols include actual and
e x c ess conponefitterizntbrtaneexoe chaymdd bhsedi o hmkd%t dlot eredn effective
and excess an ev

esti nﬁﬁtgnaéﬁotg ﬁ%g(fg%egtﬂ’eeg%t% gtbf, H.g.tsgt o? tlme 1l%er coe?flclents and

the second set of time-filter coefficients.

2. The method of claim 1, wherein dividing further comprises uniformly
spacing the received pilot symbols of the second group from the received pilot

symbols of the first group.

3. The method of claim 2, wherein dividing further comprises staggering
the at least two groups of received pilot symbols according to a two symbol

staggering pattern.



based on the even synbols and the odd synbol s,

respectively; selecting a first set of tinme-filter
weowshieients for estimati ng an actual channePCT/US2005/001588

selecting a second set of 2pne-filter coefficients for

estimati ng an excess channel; tinme-filtering for an

actual channel based on at |east the even effective

esti mit e, The ndbokpf ekim\E vestréimediedintghirther sompatesoftaggering

time-filter coefficients and he second sei of

i mo- 1193 dFast B6 PROBPER SoOife PP RIHON SePiring 5 anypysymbol (o)

eXCGS§mgQ§ﬁ%%hugﬁ$ed on at |east the even effective

estimate, the odd effective estimate, the first set of

time-filter coefficients and the second set of

time-Ltilter, coeffici.ents. .2. The thod of claim.1

wherePn i ondRgerEE AafeiSs soPBulRLRE st Al

the recei vagapd f@tobsiiglas leakt tvegdesPotregti@ed pfloosimbols for at

the received pilot s ols of the first group. 3. The

et holpagtwel Sﬁfsmf pslowébéndﬁx ens/ gi@rp gt f"tSFPtVﬁg rpﬂegwb%@r each set

st agger L t t . ' ' .

syrboP b sublifidEwhdraR md YoM BIARD 1P ek BEA KM Bipkito th firs

WO 20874217 PCT/ US2005/ 001588 20 4. The net hod of

claim2, wherein dividing further conprises staggering

the at | caBRRuPTGHERE Beeh/ed dilgh QB pols o0y AY55] Yrmbols and odd
accor gi, g1, Oy Rdteid-BY 0O s¢MBols iRI@RIRThA InBAXESs onponents and
An apparatus in a wreless conmuni cation system

conpr iheiadg:symbalsgndlode adtuadiand pxceas campatentsno gr oups  of

recei ved pil ot |s.f.or at least,.two sets of pilot .
Subbands, BNy R R Be afagh STRGTSTHBEE f Rl prrective
set  gdtinRitt Bhseq WRENEEn WABORI ARd tiEoEESMI]E FepBctively;

staggered with respect to the first group; neans for

di vi di ng r Eeans/ked spleeting siimbestof itmebflgvreweéfww’ﬁ forgsgmating an
odd erein the even synbols include actua

and e%%gggh%gﬁggnents and the odd synbol s include

actual andnexeeRs sclecinedcond saasrsitefilteet@ffidionts forasstimating
even effective estimate and an odd effective estimte
based®RXeEHeCh#Be: synbol s and the odd synbol s,

respectivelyans for time-filtering for an actual channel based on at least the even

effective estimate, the odd effective estimate, the first set of time-filter
coefficients and the second set of time-filter coefficients; and

means for time-filtering for an excess channel based on at least the even
effective estimate, the odd effective estimate, the first set of time-filter

coefficients and the second set of time-filter coefficients.



means for selecting a first set of tinme-filter
coefficients for estimating an actual channel; neans
w0 o00seef2eTti ng a second set of time-filter coePdT/UFMNG/601588
for estimating an excess ¢éhannel; neans for
time-filtering for an actual channel based on at | east
the even effective estimate, the odd effective
esti mat e, tAhprofésset prsgtarrmﬁed tiorexefute hemethodef Estimmatings channel in
and the s?cond set . of. - ter efficients; and
roans ORI T Rlph R e Tey OO based

on at | easbbttahﬁn%eM@Eastq%eg}bhp'seoieﬁwm 9ﬂott @@n&ﬂéjfor at least two

effective estinm he first” set of tinme-filter
coef f bass efpHotambaids, euscemup sbrecoived |pﬂﬂ9t Symbm for each set of pilot

o oe B B TR AR B BRR e Rt group;

estimat i ngdﬁ/ldihﬁ&ﬁ&ﬁlvdmpﬂ@t wmﬂﬁﬂ@sl&oc@ﬁmﬂyma@us @fd odd symbols,
systemh the nethod conprising: obtaining at | east two
¥

gr oup¥hereir g@eq:\(pgosylmh mﬂ;ﬁgcﬂcglai &pd $ECgss a:@fnppy\glts and the odd
sets F};m}g Wik Blct ngtap%%d FS@O%B I[Srecel ved pil ot

synmbo or ea ands, wherein the
second gr odgtermsinitga gy eenveml eﬁfectthver esinet¢ ahd d4nhedd |effstt1ve estimate

2y mhoPased i Ty RwBPE o8 b PRI 7B e ol <

i ncl ude ac Eél@étm%nzg FRUCES Df GRRNRANENESerAPRnE®r @mating an actual
synbol s i nclude actual and excess conponents;

det er plianinglg an even effectlve esti mate and an odd

effectlveetlrmte e n.th

odd synbol & e(i'tlél§pae%etc ‘2?‘8 ;O?élé’i‘ @t?r °g°e£f5¥$‘}?%%°" eé{}mﬁmg an excess
time-Ehdnher coefficients for estimating an actual

channel ; sel ect ng a second set of tinme-filter

coeffici entlgleffdier@gtﬁoﬁﬁtl|aﬁ@1a]aﬁh3él%@]e§%§ed ©natideast the even effective

time- Eét nrlaq% 19 0d8refﬁgt1?ec %%I?Aeat&{}ﬁg ri}lg‘%} d&'g?f Lime- \}l‘gér Ao%fgff‘cﬁents and

the even effective
est | miegecdnldsef off thhe-$ter efeffidiems fandt er coeffi ci ent s
and the second set of tine-filter coefficients:

time-filteriPglifterng,iPrRESeess hapir P AR e %\f%lteffectwe
the evem R HRE LAY SfrebHid Qﬁitn’fat ttH? f?gdse?fof" B Nfer coefficients and

estimate, the first set of tinme ter coefficients
and ﬂi&esesnxdcsadofstahedrﬂtetccmﬁfa@erhtk er coefficients.

7. A computer readable media embodying a method for estimating a
channel in a wireless communication system, comprising:

obtaining at least two groups of received pilot symbols for at least two
sets of pilot subbands, one group of received pilot symbols for each set of pilot
subbands, wherein the second group is staggered with respect to the first group;

dividing received pilot symbols into even symbols and odd symbols,
wherein the even symbols include actual and excess components and the odd
symbols include actual and excess components;

determining an even effective estimate and an odd effective estimate
based on the even symbols and the odd symbols, respectively;

selecting a first set of time-filter coefficients for estimating an actual

channel;



7. A conputer readable nedia enbodying a nethod for
estimating a channel in a wreless conmrunication

W@ ymsem21conpri si ng: obtaining at | east two grpCpESWH5/001588
received pilot synbols for2at |east two sets of pilot
subbands, one group of received pilot synbols for each
set of pilot subbands, wherein the second group is
st agger ed w#lediingesgrsend ses of tiend-filiert cagfficients donvastimagng an excess
received pilot synmbols into even synbols and odd
synboﬂywngvherein the even synbol s include actual and

excess conpeRefitdingfdr thacadd chanabpsed igaCAtUdst A6d evdn effective
and excess components; determ ning an even effective

est i mattEnaedthe wdd pdfestive ettimade.dthe itivsf et op ddeifilier ¢qedficients and
even . he . . despectivel y;

sel ecﬁ?é%&gn%fsgpgﬁﬁlggtfﬁtg?cc?élfﬂng%t?’l E%ngr coefficients for
estimati ng thne-fitrbtiad forchagxoeds; chdihe? ®asddda afl[8ast the even effective
PCT/ US2005/ 001588 22 sel ecting a second_set of .

ti me- P§HRAS, e Oddcdieetive estppateshe Fst 554 OSﬁmé%zﬁls%rscoeffwlents and
channgk@e&&ﬂﬁﬁtbfﬁﬁ%jﬁ@hg&gﬁagmgptuaI channel based on

at | east the even e Fectlve estimte, the odd

effective estimate, the first set of tinme-filter
coefficients and the second set of tine-filter
coefficients; and tine-filtering for an excess channe

based on at | east the even effective estinmate, the

odd effective estimate, the first set of tine-filter
coefficients and the second set of tine-filter
coefficients.



