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setddall ehe BRbivel akd Q8 ¥mbedded in each data sequence transmitted by the
transmitter. At the receiver, the channel response can then be estimated by processing
the training data sequence received in a distorted manner and the training data sequence
stored in undistorted form. This response is applied in the demodulation and decoding
of the data.

[1004] Accordingly, channel estimation is important in digital communication systems.
When implemented, a limited number of training data sequence is typically used.
However, estimates based on a few training data sequences often fail to give
satisfactory performance. Therefore, there is a need for a more reliable, satisfactory

and/or efficient channel estimation.
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synmbol , and to update the channel response based on
qrigade dlico deqpded data, an interleaver coupled to the encoder and configured to
interleave the re-encoded data; and a modulation mapping module coupled to the
interleaver and configured to map the interleaved data into a modulation symbol.

[1008] In another aspect, apparatus and method comprises means for decoding data
based on a channel response; and means for determining the channel response using at
least one training symbol, and to update the channel response based on the decoded
data. The means for determining the channel response may comprise means for
estimating the channel response using at least one training symbol; means for
generating at least one modulation symbol based on the decoded data; and means for

updating the channel estimate using the at least one modulation symbol. Also, the

means for generating the at least one modulation symbol may comprise means for re-
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[1014] Figure 4 shows another channel estimating module;

[1015] Figure 5 shows a training symbol generator that can be implemented in a
channel estimating module; |

[1016] Figure 6 shows a method for generating a training symbol for channel
estimation; and

[1017] Figure 7 shows a method for channel estimation.

DETAILED DESCRIPTION
[1018] Multicarrier communication systems compensate for distortions in data
transmitted through a multi-path or non-ideal communication channel. To counteract
or compensate for distortions that may have been introduced in the signal, channel

estimates are used in receivers to adjust the received signal.
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operatlons may he re-arranged. rocess t erm nat ed .
RRBHAtOR. BESBATID 16 ot At B dbiuionsops subng TR &'a main
¢@Rlckigspond to a nethod, a function, a procedure, a
subroutine, a subprogram etc. V\hen a process
[dﬁZI]e&pdmdbstthh%remuH@ttﬁm C¢m131unlcéﬁ1¢ﬁ elzenpel refers to both wireless
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conductive wire(s) or medium. The term “look-up table” refers to data within a
database or various storage medium. Storage medium may represent one or more
devices for storing data, including read only memory (ROM), random access memory
(RAM), magnetic disk storage mediums, optical storage mediums, flash memory
devices and/or other machine readable mediums for storing information. The term
“machine readable medium” includes, but is not limited to portable or fixed storage
devices, optical storage devices, wireless channels and various other mediums capable
of storing, containing or carrying instruction(s) and/or data. Also, for purposes of
explanation, the embodiments will be described with reference to Orthogonal

Frequency Division Multiplexing (OFDM) systems. However, it will be well
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SHAPE O SHBPBUGToF BB e BRI s pc
oyrhbslgsfatnistaf training symbols are transmitted by the transmitter. The training
symbols are known to the receiver such that the receiver is able to perform channel
estimation.

[1025] Figure 1 shows one embodiment of a transmitter 100 for use in OFDM systems.
Transmitter 100 comprises a scrambler 110, an encoder 120, an interleaver 130, a
modulation mapping module 140, an inverse fast fourier transform (IFFT) module 150,
a pulse shaping module 160 and an up-converter 170. Transmitter 100 receives a data
packet and the data rate at which the packet is to be transmitted. Scrambler 110

scrambles and encoder 120 encodes the received packet. Encoder 120 may be a
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used for synchronization such as timing acquisitions and coarse frequency acquisitions.
The long preamble comprises a repetitive number of long training sequences used for
fine frequency acquisitions. The long training sequences are also the training symbols
that may be used for channel estimation.

[1029] Various number and choice of training symbols may be added to the data packet.
In many systems, modulation symbols are used as the training symbols. Accordingly,
they may be pre-computed and stored such that transmission can begin without
interleaving and IFFT delay. Also, for a more accurate measurement of channel
characteristics, a larger number of training symbols are generally required. However,

due to a limited bandwidth and more particularly to a delay involved in the channel
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and a frequency offset corrector to correct the signal for any offset errors that occur
between the transmitter oscillator and the receiver oscillator. The signal is then input to
FFT module 220 and converted from time domain to frequency domain. FFT is
performed after removing the cyclic prefix as necessary. Channel estimating module
270 receives the frequency domain signal and provides a channel estimate based on the
training symbols. The frequency domain signal also may be input to a phase locked
loop (PLL) that provides phase error correction in adjusting the received signal. The
demodulated signal is de-interleaved by de-interleaver 240 and decoded by decoder

250. Decoder 250 may be a Viterbi decoder. The decoded data is then descrambled



recei ver, thereby allow ng a nore accurate nmeasurenent

of the channel characteristics. [10311 Figure 2 shows
woe@4ost2ezli nent of a receiver 200 that is capabtBUS{003/027803

generating training synbol(s) for use in OFDM

systens. The receiver 200 codprises a radio

frequency/i nt er nedi at e frequency (RF/ IF) front-end

By &qg@@#r%gé%] Irqz?:gg L ggél(relaé?agde 1§%1| f ouardgﬁtﬂngl buffer may
AxDpe Frpil@nentdt SN ARMRsarPRs whild @eOd@al £81A is Being decoded.

descranbl er 260 and a channel estimating nodule 270.
[10333 hbare cpabfecuh@i}edvvh@r @rodessingiagugve pack#odke ghort preambles are
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er, dﬁutggg%rg’nte | 8Lk n%Pgr %ng btafifed! lﬂlts@cf b& @(@efrar?s%gged training

ecoder SCra chann est 1 mat
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t hrough a_co nlcgtlon channel nchron % b
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roni zati on sever a nown t echni ques for
(10343 ahangpl @smmlwmoénlec%?@ pesfonme Gharmsl efémmnebased on training

W{Sg gag%gh ogl%nggxgpﬁlcoggb ?m & ?ﬁ‘? t FFT processing, a

QeI Aoy J‘sﬁthfan‘ié}%aﬂ be edpresanidd an EqegioaNClasabiloes,
corrector to correct the signal for any offset errors

that occur between the transnmitter oscillator and the

| [i@%ﬁllyerz% M ator. The [ﬂgnal is then input to FFT

"and’ convert ed omtine domain to frequency
domain. FFT is perfornmed after renoving the cyclic
Erefix as necessarg Channel stlnatl

s vl ey ARG 70 Gt » R B B Gecumodulation
?}?ﬂlﬂﬁ Sk tk?e F%yﬁ@%? gfnqg‘ tHeNandel @béfheﬁnﬁé’x{g’ﬁ,ll - thér h&ise. Here,

equency n’sign al so may be input to a phase
Ifah& ekdannbbmpstz(tRLdzr) varieatvenr sjkueﬂnm &foretlro rwhere H is a constant.
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YéQp 2§04/ 030233 PCT/ US2003/ 027803 8 by descr anbl er 260
to recover the original datalinformation. An
addi tional buffer may Tlso beyl | emented to hold the

sanpl es while tHeqmjmﬁ§idmeHd—r bei ng [@kcoded.
[1037] In Equation [2],n=0,1, 2, 3, ... and H _,= 0. The channel response is initially

estimated using the transmitted training symbols and additional training symbols are

generated to improve the initial channel estimates. For example, if two training

symbols were transmitted, the training symbols X o and X , corresponding to n = 0 and

n = 1 are known for estimating the initial channel estimates b4 ,and H .- Thereafter,

subsequent training symbols are obtained and the channel estimates can be updated

iteratively using Equation [2] to improve the initial channel estimates.



[1033] More particularly, when processing a new
packet, the short preanbles are obtained and

wak@amsaesl from the data packet before FFT pr oR€rss1093/027803
The obtained short preanble is used to performtine
synchroni zation. After FFT pr%cessing, the |ong
preambl es are obtained and used to perform channel

i-mat i h rrier ni.tial c |,
(59T hnnE) SRS iy AEE M Slp bR debton Al it pumber of
iteAiBhd) At so?ﬁ{é'fﬁiﬁirépna-f@ﬁ rigpbtdiple k=21 b, SHEREH & c@s{aethe value of
gener at ed the channel estimating nodule 270 and
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estimati on based on_traini nq nbol (s) and the
fynequdsest raswesanarsi (GED tyrotl seribmp Fan baapgedr TheTecursive equation

[
PrRERR Mt ofbe b 30 Tkpetpeds MRHAM Hofhidilugr v,
H1Xt + Nt [1] [1036] where fiydgnotes the tinme index
(n =0, 1, 2, ..H),,,=§I|°rd')§1,,tlhlea€ﬁ%<3smtted[3|]mdul ation
synbol or the training synbol ,\#,/is the channe
coefficient and N, is the noise. Here, if the channel
is static or varies very slowy, H = Hfor all n

O e A
92 khe AR ME1 a§1 flﬁm% rﬂgeéstl?rﬁﬁédnﬁglhgﬁlrl]éélftraﬁ@rﬁﬁed training

sub carrier, mﬁere n"is E estinated ¢
spshds sad &ditioral rtfdmmg stbbE] may (be+ génemtéd X0 1{1)13@(9/76] the initial
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and the channel estimtes can be updated iteratively

SEpshgpreny chanmgheqtpatesy Frigtheswere, ramplext disisiontapnke converted to a
SRiHI0BSSSlex YRIEARA OB QB Fel! HRtBRSU A B8 3sing a database, storage

medivm or look-up table for calculating the value of 1/X. Accordingly, channel
estimating module 300 determines a channel response using one or more training
symbols.

[1041] Figure 3 shows an embodiment of a channel estimating module 300 comprising
a channel estimator 310, a symbol generator 320 and a delay buffer 330. Channel
estimator 310 performs initial channel estimation to obtain initial channel estimates
based on the transmitted training symbol(s). The initial channel estimates are
forwarded to demodulation module 230. New training symbols are generated by
symbol generator 320 and forwarded to channel estimator 310. The operations of
symbol generator 320 will be described more in detail later with reference to Figures 5
and 7. Channel estimator 310 then performs subsequent channel estimation based on

the new and/or additional training symbols to update the initial channel estimates.



[ 1038] Channel estimating nodule 270 may stop the
iteration after a finite nunber of iterations, at

W@ oo/ 0a2ps opriate n, for exanple n = 16 or 32.PCTUS2005/027803
a case, the value of 1/(n+l) can be obtained froma
dat abase, storage nedium or 18ok-up table. Also,
di fferent |terat|ve al gorithms can be used. For
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one or nore traini
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embodiment of a symbol generator 500 that can be implemented in symbol generator

320 and/or second channel estimator 420 of channel estimating modules 300 and 400,
respectively. Symbol generator 500 comprises an encoder 510, an interleaver 520 and
modulation mapping module 530. The operation will be described with reference to a
method 600 for generating a training symbol.

[1044] After the received data packet is demodulated, de-interleaved and decoded, the
decoded data is re-encoded by the encoder 510 (610), interleaved by interleaver 520
(620) and modulated into modulation symbols by modulation mapping module 530
(630). The modulated symbols can then be used as training symbols. Here, due to the

delay through the de-interleaving, decoding, re-encoding and interleaving process, Yy



the new and/or additional training synbols to update

the initial channel estimtes. W 2004/030233
wEOHI0826003/ 027803 10 Here, channel estinat or PGL/OSI0AY027803

use an iterative algorithm such as for exanple

Equation [2] or [3], to updalk the channel estinates.

Al so, channel estimator 310 may stop the update at a

finit f buf fer 330
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W tr@dth\RinlRd1d &8 Rep¥nbrafidnit RGeSV @by kst iR8YA8ms such as OFDM

generated.” [1042] Figure 4 shows anot her enbodi nent of
sysiehsrihasineed chamnel asgmatoul e 400 corrprl sing a first
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[1047] Moreover, it should noted here that the elements of receiver 200 as shown in

—

Figure 3 may be rearranged without affecting the operation of the receiver. Similarly,
elements of channel estimating module 300 and/or 400 may also be rearranged without
affecting the channel estimating operation. Furthermore, one or more elements of
channel estimating module 300 and/or 400 may be implemented by hardware, software,
firmware, middleware, microcode, or any combination thereof.

[1048] When implemented in software, firmware, middleware or microcode, the
program code or code segments to perform the necessary tasks may be stored in a
storage medium (not shown). A processor may perform the necessary tasks. A code

segment may represent a procedure, a function, a subprogram, a program, a routine, a



met hod 600 for generating a training synbol. [1044]
After the received data packet is denodul at ed,

waleenns@sl eaved and decoded, the decoded dat ap€BUS2003/027803
re-encoded by the encoder 510 (610), interleaved by
interl eaver 520 (620) and motfil at ed into modul ation
synbol s by nodul ation napplng modul e 530 (630). The

th d t :
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annel estimation, [1045] More particularly, Figure™7

§ S JeSRALS BRI EERkRB @3S PV oS BansmisDVRCs y st ens.

801 {hd t nat,i on
s e AR b ink A B Rk i S TP e pmstrucd s
Aipaiting ihecinventiont rﬁlmm@nsyﬁablmhgs earebofadily epbl{eﬂfia)otli?e@dypes of

channel |1y estipated usjng
%BPafatH%%s P fﬁlg §WBB‘? sJTE‘@/%%CﬂPﬁm% of fherigvandionds w@tﬁed to be
umgﬁgtlvé]&ln@fh@dﬂt@'hlﬁl@iﬁ@ B&pe (A - cldifns ! MBYSerBfe IMY”B{C?H&UVCS
trajping synbols availabl'e (720), additional trarni
OB, eargle Metiaiioas il be -agparenl brg those rekéltedeny w:hegart Wlthout

ARBTERBpRAn, Ao RE BRI MRR ah o OOV bl Sohsdlt s ng

the nndulatlon synbol as new training synbols (790)
and the data is decoded using the updated channe
response (750). Here, the channel response may be
updated using an iterative algorithmand the updates
may be stopped at a finite nunber of iterations.

[ 1046] As described, the channel estimtes can be

i nproved continuously in an iterative manner

t hroughout the received data packet using the decoder
out put. A robust channel estimtor can significantly
i mprove the performance of a multicarrier system such
as OFDM based nodul ati on system Using the decoder
output, nore reliable estimates of the transmtted
synbol s can be generated and used as additiona
training synbols for the channel estimation in a
recursive manner. As the decoding progresses through
t he packet, the channel estimates continue to inprove
with the help of already decoded synbols, thereby

i mproving the chance of subsequent synbols and the
whol e



packet being correctly decoded. [1047] Moreover, it
shoul d noted here that the el enents of receiver 200 as
wabh@m3i283 Fi gure 3 may be rearranged w t hout BET/@81008Y027803
the operation of the receiver. Simlarly, elenments of
channel estimating nodul e 3003and/ or 400 may al so be
rearranged without affecting the channel estimting
operation. Furthernore, onébgla&%re el enents of
channel estimating nodul e /or 400 may be

i npl enented by hardware, software, firmare,

m ddl ewar e, m crocode, or any conbination thereof.

[ 1048Vhevieslaimed ishented in software, firmare,

m ddl eware or m crocode, the program code or code
segnents to performthe necessary tasks may be stored
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r epr es%5504% copbigwad idecads date brssd ona chamisi sgpeirse; and

progr j S2003/ 02780 .
12 su ?P(l)al?? Fl:] g&ﬁ%ﬁﬁgdﬁ Pé;@e %Q)g é#e?\%grztgg pdggr({é% é’Je‘;%g aC%@f]%% s‘?sgmatmg
rpoduayoniigukidiatde@mmik thaeanteltregoase usihad & 1&dst o tedifig symbol,

or, program statepents. A code segnment nay be coupl ed

B B HOTH o e chie SabRisR D2 oF (afeRer&OGhr oui ¢ by

passi ng and/ or receiving information, data,

argunents, paraneters, or menory contents.

| nf ordvat i ofhe apnguatenes in gaimnbt whereind tieachane¢lcestimeying emodule
C%gg%ggs,_ forwarded, or transmtted via any suitable

nmeans I'ncl udi ng nenory sharing, nessage passing,

t oken fig6Shangel SEinaRirkohfiamedts db@mmindltke chahBéi%esgdite using at
foregoi ng enbodi mrents are nerely exanpl es and are not

lgast pee EyResy®okdnd | i niting the invention. The
presen ch Yol ied to .ot her .
P osSpbRacRgs S9RRE CARLI APRUAHELR R %he mocuaio
spimbol bastd on tief ddchéed dute and @nupdated the eRdel tedpdige using the at least
iIIust[ative, %Pd not tolimt the scope of the

e,

0BF oflulatiop symp many alternatives, nodifications,

and variations will be apparent to those skilled in

the art without departure fromthe scope of the

i nverdti on Te smpardtoy th in rclsine 2appende dhe | satorsl cN¥dnel estimator
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PRIy is: 1. Apparatus in a conmuni cati on system

Conprah®h&@ler configured to re-encode the decoded data;
an interleaver coupled to the encoder, the interleaver configured to interleave the
re-encoded data; and
a modulation mapping module coupled to the interleaver, the modulation

mapping module configured to map the interleaved data into a modulation symbol.

4. The apparatus as in claim 1, wherein the channel estimating module
comprises:

a channel estimator configured to determine the channel response using at least
one training symbol; and

a symbol generator coupled to the channel estimator, the symbol generator

configured to generate at least one modulation symbol based on the decoded data; and



a decoder configured to decode data based on a channe
response; and a channel estimating nodule coupled to

wo b@4@sezier, the channel estimating nodul e ceof/Uguose27803
to determ ne the channel response using at |east one
training synbol, and to updd#e the channel response
based on the decoded data. 2. The apparatus as in

| ai.m. 1, wherein the. channel .estipating. noduyle X
TSR KSLehanTel gt o SORBE TS HBdHls TEGRRRL FegoRss using the at
168t SidMbsulhtih Sidanel response using at | east one
training synbol'; and a second channel esti mator

configured to generate at |east one nodul ation synbol
based on decoded data apd to .update.the channel .
res p(;ghs e ngigr?gp%rﬁtél S 87 dany . Vet yg}blog RCTEYAIBFomps1ses:
The appacdaieysordiulkdd 6 rékeitole tN@colisn ddie second

channel estimator_ conprises: an encoder configured to

r e- erf@duferleaver euplidds thpnensoderntherinterleavay eonfigogsl tedntedeave the

Lhe qger he interleaver configured to interleave
rt heCO%rege- gt%b%néited data; and a nodul ati on mappi ng nodul e

couplaechadolatibe mappend eavdrle dobpledorukiat imérleaver pthd dmodulation
nodul e configured to map the interl eaved data into a
ABRIEAEP G SYEBred 1 mepiiae MgplaRsEd.ataiite A madalaon symbol.
wherein the channel estimting nodule conprises: a

channel estimator configured to determ ne the channel
respénse Udengpattul enstanyome of tha preceglingyatiials; wherdinathe channel

nbol generatqr, coupl.ed to the channel .estinmajor, the
Sl Tie BT Fodhe’ Bsfmbten deroBeGURer ar 4SBT Blgopitn dased on
tinDdlebadd @ma. synbol based on t he decoded data; and WO
2004/ 030233 PCT/ US2003/ 027803 14 wherein the channel
estimator is configured to update the channel response

usi ng the n | at | symhol,.. 5. The ..
appa?at us Tgﬁs: E}phgl%ﬁ}gi é)sn ﬁl gfv%ﬂgrﬁgi Vkﬁ({} e tgg r%%?neéeeﬁgplg?% module
soprie weste aftana éintofenbawifiteguioasd to re-encode the
decoded dat a;

8. The apparatus as in claim 6 or claim 7' as dependent thereon, further
comprising a look-up table and wherein the channel estimating module updates the

channel response using the look-up table.

0. A method for channel estimation in a communication system comprising:
estimating a channel response using at least one training symbol,
decoding data based on the channel response; and

updating the channel response based on the decoded data.

10.  The method as in claim 9, wherein estimating the channel response
comprises:

estimating the channel response using at least one training symbol;

generating at least one modulation symbol based on the decoded data; and

updating the channel response using the at least one modulation symbol.



an interleaver coupled to the encoder, the interleaver
configured to interleave the re-encoded data; and a

woadioai2son mappi ng nmodul e coupl ed to the i nt ePCEESENN3/027803
the nodul ati on mappi ng nodul e configured to map the
interleaved data into a nodullati on synbol. 6. The
apparatus as in any one of the preceding clains,

wherein t channel .esti ing nodule u S the
ehanvBE © CsGRABOT 25 it ClaimIDe P Bereyn SencgE . fetsh dgkymgulation
éﬁﬁmd&ﬁgggd&data. 7. The apparatus as in claim®6

wherein the channel estimating nodule stops the
updatre-ea¢adsrg thefdeended daapber of iterations. 8. The

appar.at us as in or claim7, as dependent
t her dBYT C%VMWSFC e%co%gdgﬁan@ldg | ook-up tabl e and

wher ahdppidierhs hagalve@gith b lariﬂodMid)h%gﬁthfit es the
channel response using the | ook-up ta 9. A nethod

for channel estimation in a conmunication system

CONPri,Si NGy LSkl ABL g%@jrﬁ?’é‘ g}nﬁ é)%ga‘%nagrﬁéswa s dependent

Ieast one ralnlng Sy Sed on ¥

théraom) ewheeip @pdsatinga gt dhpldail i negpdnbe cohgmiled updap@nsiee channel
based on the decoded dat a. . The method as in claim
TGSPORPRY SR G Rt %@‘tPW@aé%%@P deeads@ g conpri ses:
estimati ng the channel response using at |east one

trai ning synbol; generating at |east one nodul ati on
synbadl3. basiéd oethodeasd &t othid 2t whelaindupdthigt fhagchiateel response
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met hod as in cl ai m 10, wherein generating at |east one
modul ation synbol conprises: re-encoding the decoded
dat a;14.i ntldel Ieabhpﬂgmlh@lad@ Eheoeledn ddtas; e@n@rlqmaﬁmrm wherein

nger Q0 a nodul a The
l}rPlea?lhﬁ {hg chgr?nefgesgg flglﬁﬁegnc)om rﬁléesol%pdaﬁg}% ?‘r}/en;%amlei reclsgoose llSll’lg a
ldelpapeds. thereon, wherein updating the channe
response conprises updating the channe

15.  Apparatus for channel estimation comprising:

means for decoding data based on a channel response; and

means for determining the channel response using at least one training symbol,

and for updating the channel response based on the decoded data.

16.  The apparatus as in claim 15, wherein the means for determining the
channel response comprises:

means for estimating the channel response using at least one training symbol,

means for generating at least one modulation symbol based on the decoded data;
and

means for updating the channel response using the at least one modulation

symbol.

17.  The apparatus as in claim 16, wherein the means for generating the at
least one modulation symbol comprises:

means for re-encoding the decoded data;



response using an iterative al gorithm based on the

decoded data. 13. The nmethod as in claim12, wherein
waip@ansengs t he channel response further conpriBEBUS2003/027803

stoppi ng the update after a f| nite nunber of

iterations. 14. The method ad® n claim 12 or clai m 13

as dependent thereon, wherein updating the channel

response [ COnnpri he channel

res poIH% &S fwlﬁgﬁga\gf’gﬁf 6 %ﬁ ﬁ%{algﬁ Appar at us for

channgéane $éd rﬁﬁip'i@glthe @ﬂl’tBﬂd:zﬁ/Ie@ data in®ansodubdticegatong

data based on a channel response; and neans for

deterrri ni ng the channel response using at Ieast one

train 0 t

response base@pgﬁat‘?ﬂgs b e‘%:l%l gélgjg%gy 9 O?Q ap}galﬂaztlsu%ependem

isredi, whezeim the meahe f@i detdrigning ans ctﬁa‘mmeld&tsmm nupdaed the channel

channel onse cQ ses stfimating the

r&mﬁ%vsmgeglgla?@tévw%hg{b%g& g lsOaed qt%rang symbol ;

means for generating at | east one nodul ati on synbol

based on the decoded data; and neans for updating the

chann¥l. r éBpoapparaiss ag in lotaimt 19, ewlssreiorthe mesdos dor defermining the
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synbol conprises: neans for re-encoding the decoded

data; WD 2004/ 030233 PCT/ US2003/ 027803 16 neans for

i nt eri(bavuﬂge apparates andodlaien datos clamadl hisadrpepdgnt thereon, further
gegmsgg H&S {016 SRY SefR the rilafls PorTRMMALiALthe BAERRY response
tus as alm or any one clains
dyfatated tl&&:tﬁlﬁﬁﬂ@@bhse dsh@"teemok\/\nﬁabllen the neans for

determ ning the channel response updates the channel
response using an iterative algorithm based on the

deco da aim 18,

wher % t h%ﬁ%aé‘%tﬁg f&% ?a%%?é{tﬁéﬂnﬁﬁ ?’{ﬂh g Sj%ck: hannel

res pmmsmssfbnqmodimg dlamdmts@i @f 4 ehanackresponee; andber of

|terat|on e aratus as in claiml8
19 as (5% fldﬂee mfcap‘]lpﬁlélrng a code segment Wr aeterrmmng the

channel response using at least one training symbol, and for updating the channel

response based on the decoded data.

22.  The apparatus as in claim 21, wherein the code segment for determining
the channel response comprises:

code segment for estimating the channel response using at least one training
symbol;

code segment for generating at least one modulation symbol based on the
decoded data; and

code segment for updating the channel response using the at least one

modulation symbol.

23.  The apparatus as in claim 22, wherein the code segment for generating
the at least one modulation symbol comprises:
code segment for re-encoding the decoded data;

code segment for interleaving the re-encoded data; and



conprising a | ook-up table and wherein the neans for
determ ning the channel response updates the channe

WO e®@posRae3 usi ng the | ook-up table. 21. Appar at BeT//82003/027803
channel estimation conprising: neans for decoding
data based on a channel respbhse; and a nmachine
readabl e nedi um conprising a code segnent for
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response based on the decoded data. 22. The apparatus
as in claim2l, wherein the code segnent for
det eR#i ni Ahe apparaivhas e claimoprsenyconfpel daisss 2443 as dependent

segnent for estipatin : I j

(RS Voriett 15 oo eebab i, SOEARThe (RERAIRG 1SbAe Thdutes the
cﬁﬁﬁgfﬁgﬁcﬁ@e ading @R fbra@ € algBthbabdsed o ytetdebodedsiath. on t he
decoded data; and code segnment for updating the

channel response using the at |east one nodul ation

synbgk. : 2 - [ A ' ini

code Segmane PErAS AL AL ARG S4; PrLR (i £5de SRR for Wbmining
. tiignehah@d] irespongendosys thouptatesser adimite nemaeoftitefgions.

re-encodi ng the decoded data; code segnent for

interleaving the re-encoded data; and WO 2004/ 030233

PCT/ US2003/ 027803 17 code segnent for mapping the

interl eaved data into a nodul ati on synbol. 24. The

apparatus as in claim2l1 or any one of clains 22-23 as

dependent thereon, wherein the code segnment for

determ ning the channel response updates the channe

response using an iterative al gorithm based on the

decoded data. 25. , The apparatus as in claim 24,

wherein the code segment for determ ning the channe

response stops the update after a finite nunber of

iterations.



