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serial stream of data symbols is provided via input 101 to a serial to parallel converter
102 that converts the single data stream to several parallel data streams. An inverse
discrete Fourier transform (IDFT) module 104 processes the parallel data streams and
produces a corresponding number of orthogonal modulated sub-carriers which are

25 providedtoa pafallel to serial converter 106. In response, the parallel to serial converter
106 provides a serial data signal to a cyclic prefix adder 108, and the cyclic prefix adder
108 produces a transmit data signal at output 110, and the transmit data signal is
transmitted on a communication channel.

With further reference to FIG. 1, a corresponding received data signal on the

30 communicafion channel is provided to a cyclic prefix remover 114 via input 112. The
cyclic prefix remover 114 removes the cyclic prefix from the received data signal and
outputs a single stream of data to a serial to parallel converter 116. Resultant signals
from the outputs of the serial to parallel converter 116 are provided to a discrete Fourier
transform (DFT) module 118, which provides a corresponding plurality of demodulated

35  data streams to a parallel to serial converter 120. A serial data signal is then provided by
the parallel to serial converter 120 to an equalizer 135 and to a channel estimator 130,
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ener gy andharacteristics of the commumcatlon channel are varying rapldly, as in mobile
communication applications for example, channel estimation must be performed more
25  frequently, hence the need for more pilots to be transmitted in order to maintain reliable
communication. Thus, reducing the available bandwidth for data transmission.
FIG. 2 shows a PSAM scheme graphically, where both pilot symbols 202 and data
symbols 204 are shown in a three dimensional grid across time 206 and frequency 208
axes, and where the vertical axis represents transmission power 210 of the data and pilot
30 symbols. In PSAM, the pilot symbols 202 are inserted at intervals across time and
frequency between the data symbols 204. Consequently, part of the signal energy and
bandwidth of the communication channel is used for transmitting the pilot symbols 202.
A received data signal in a PSAM scheme is passed through a 2-D Wiener filter, which
essentially performs interpolation based on the statistics of the communication channel
35 soas to estimate the characteristics of the communication channel between the pilot
symbols 202, i.e. where the data symbols 204 are received. In this way, the data
symbols 204 can be correctly recovered by taking the estimated time and frequency




bandw dt h of the communication channel is used for transmtting the pilot
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communication channel are used to estimate the signal that was transmitted. The coded

pilot method is simple to implement, and the coding enhances the detection of the main
25 and pilot signals, in the consequent channel estimation process.

However, a transceiver using the coded pilot method is necessarily more
complicated due to the coding in the transmitter, and detection of the codes in the
receiver. In addition, a portion of the bandwidth of the communication channel needs to
be allocated to support the transmission of the coded signals, thus reducing the usable

30  portion of a predetermined bandwidth. :
Hence, there is a need for a channel estimation scheme that provides good
performance in a communication channel having varying frequency and time
characteristics, while preserving the usable bandwidth of the communication channel.



conplicated due to the coding in the transmtter, and detection of the
codes in the receiver. In addition, a portion of the bandw dth of the
comuni cawpbanr/ocisannel needs to be allocated to support tRETISGAZ80MISSI on Of
the coded signals, thus reducing the #sable 30 portion of a predeterm ned
bandw dt h. Hence, there is a need for a channel estinmation schene that
provi des good performance in_a comuni cation channel having varying
frequency and time charact erBaefianmggyiof thedneerdioni ng t he usabl e bandwi dt h
of the comuni cation channel. WD 02/ 063844 PCT/ SG02/ 00019 4 Brief Summary
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known dat acdniyatiicdtfn @g@ﬁjwsﬁlgknom data signal; a signal power ratio
input for receiving.a power ratio signal indicating a ratio for conbining
t he unknown daﬁtéa’??’ﬁ'i'i%ﬂcog}?&‘s’t"ﬁe known data signal; and a data combi ner
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known tata signal z{%lo&%&a%fgg@ﬁ%chv ahlﬁqu}&?%ﬁlg%ﬁsi gnal to produce a
conposite out put adignehpowernmatio sipuyfatirecivenga gaver ratigsighal, indibstingian each

di screte datig & adinif® MR UnkESw | he upknown dat a
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cor r espondjoftbiner having an output adapted to provide the composite output signal to a multi-
20 carrier transmitter, wherein the multi-carrier transmitter transmits a transmit signal on a
communication channel, wherein the transmit signal includes the composite output
signal; and
a receiver comprising:
a multi-carrier receiver for receiving a receive signal corresponding to the
25  transmit signal on the communication channel, and the multi-carrier receiver having an
output for providing a corresponding composite signal, wherein the corresponding
composite signal comprises corresponding discrete data signals, and the corresponding
composite signal being shaped by at least one signal shaping characteristic of the
communication channel;
30 a channel estimator having a known data input for receiving the known data
signal, an input coupled to receive the corresponding composite signal, an input coupled
to receive the power ratio signal, and an input for receiving at least one estimate of the
unknown data signal, the channel estimator for estimating the at least one signal shaping
characteristic of the communication channel from at least the corresponding composite
35  signal, the at least the portion of the known data signal of at least some of the
corresponding discrete data signals, the power ratio signal and the at least one estimate
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t he conpoinben@atduignas tenbined in acondande-with the power ratio signal, the data
combiner having an output adapted to provide the composite output signal to a multi-
carrier transmitter, wherein the multi-carrier transmitter transmits a transmit signal on a
communication channel, wherein the transmit signal includes the composite output
25  signal.
In yet another aspect the present invention provides a multi-carrier receiving system
comprising:
a multi-carrier receiver for receiving a receive signal on a communication
channel, where in the receive signal includes a composite signal, and the multi-carrier
30  receiver having an output for providing the composite signal, wherein the composite
signal comprises discrete data signals, and wherein each discrete data signal comprises
at least a portion of an unknown data signal and at least a portion of a known data signal
combined in accordance with a signal power ratio signal, the composite signal being
shaped by at least one signal shaping characteristic of the communication channel;
35 a channel estimator having a known data input for receiving the known data
signal, an input coupled to receive the composite signal, an input coupled to receive the
power ratio signal, and an input for receiving at least one estimate of the unknown data



carrier transmtter, wherein the nulti-carrier transmtter transmts a
transmt signal on a communication channel, wherein the transmt signal
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char act er iisdludesaf coilpostosipnalireatvied on aclosmmalication shawel hayingHansgusianzer f or
shapi ng t e, GO It | iSRGy ¢ DElur SRy ot bikGktchivd Ny an
out put f orcgﬁﬁafﬁgﬁg’?cﬁg&g?lje ggétc&gﬁ%qtg’& seqcuogﬁ{ilggst I'mat f(gylof .th unknown dat a
si gnal . | rsignals spacedan tiate aadfeghencyeanh BRERN qam@ﬁffic@rfiaﬁ’_r BEYESPRIMHERhod f or
det er m ni ng, JoribEERe ¥ fllotdRkfon, Wharelfitht ida@@ortici copmprisenomeadfizon syst em
wherein a received Si gnal [ r]{%:l uﬂgees % ccgrg)oa te @;Fg{éaé f.ecei ved on a
comuriOc atRreRFteRERRCTOMROf YOS AETPERPOORIIERE PPl cs, wherein the
conposi t e i aiefiningaiget bbws plurplityofillistretecdataliigmalst e dat a

b) setting a predetermined number of iterations;

¢) receiving the composite signal on the communication channel;

d) selecting one of the plurality of discrete data signals to be estimated;

25 e) selecting a group of the plurality of discrete data signals, wherein each discrete data

signal of the group of the plurality of discrete data signals is relevant to determining the

one of the plurality of data signals;

f) normalising the group of the plurality of discrete data signals using at least the pilot

portion of the one of the plurality of discrete data signals;

30 g) estimating the transmission characteristics of the communication channel using the

normalised group of the plurality of discrete data signals in step (f); and

h) estimating the data portion of the one of the plurality of discrete data signals using

the communication channel having the transmission characteristics estimated in step(g)

and at least the pilot portion of the one of the plurality of discrete data si gnals.



signals spaced in time and frequency, and wherein each discrete data signal
conprises a data portion and a pilot portion, wherein the data portion
conpri seswore/0efs4e 20 predet erm ned group of synbols, thepPaFtSeoelo@anpri si ng
the steps of: a) defining a set of the plurality of discrete data signals;
b) setting a predeterm ned nunber of iterations; c) receiving the conposite
signal on the communi cati on channel; d) selecting one of the plurality of
di screte data signals to be @i@fﬁ&ﬁ‘étpﬂoabf@:&evvmgm ng a group of the
plurality of discrete data signals, wherein each discrete data signal of

t he group of tg %lfPtsI) ity.of discrete data signals is relevant to
deternining th digpent RE ths prgsens ‘E’VC‘B‘Pnd‘&{lé‘OW Rgrmers; fully dessribed. ibyi ng t he
group of t|waypfeucaixple,wldfredaremeebﬂmed&wn@sgﬂ%ﬁ:hum ng at |east the pilot
portiongof theppng §f .k %rgl H{% !ggfuggcagd' screte data signals; 30 g)

esti ITB.tI ng the transm asiron PR 5% t he conmuni cation channel
usi ng the nor Fi¥iZshewgaguaphidal repeesphtatien oﬁ@ata)zinctpllm s@hbold abamsingagds in

step (f); a;mscbmmzdaa@fsbmnemtﬁéeamﬁeﬁlatﬁaosg&e NG Fg@e; of the plurality of

di screte data ﬁfg‘gg S usin conmuni ca annel " havi ng t he
transm ssion c shays §FPE’§“W‘H&§WWFP aqcersiapge with sheqpredeabisventiom; pi | ot

portion of theFithet shf)w's h%r@hwwfdptééeﬂﬁn&i Scdad £hddsHor s prhBAIR bSmmWElAR4 P 63844
PCT/S @/0 %? 7 Bri crlcﬁélon of t.he. Drawi n SP@@ rrbodl nment of the

present. i nveRtPON WT 01}1 hecomppnication syt way of exanpl e,
wi t h ref er enceFi® Stshews aflovngmrtafiagrinaifi a prodessGn alresdiverf thepri or art

comruni Caté(ﬁﬂnﬁ%@ﬁ@éﬂsgﬁeﬁdm%‘[@h?m a graphical representation of data and

pi l ot symbols comuni on @ conmuni cation channel of the comunication
system in FI G FIf. 6shews 3 ggaphigs! mepeasentationcefttho APSBssthemé m thecor dance with

t he presen&omﬂuﬁem@mysteﬁllﬁmé shews a graphical representation of data and
ni cati on _channel of the

pi | ot 5ynbols |on 10 on a .co

communitati on w RS PWGCOIQP"FWE Sl@ug%wsam plothe preprmance gf e of a
process i ncanmenicaticersystbmtin FIGGamdLpHoe aiticomnfiedaion kystdthG 3; FIG 6 shows
a graphical representation of the APSB schene in the conmunication system
in FIG 3; and 15 FIG 7 and 8 shows conparative sinulation results of the
performance of the conmmuni datdibResyiptionof theM@vigand prior art

comuni cati on systens.

20 The present invention combines the advantages of the PSAM and the blind
schemes to produce a scheme where data and pilot symbols are combined prior to
transmission, and separated when received at a receiver. In addition, separation of the
pilot symbols at the receiver is accomplished by treating the data as noise and applying
an iterative process to detect the data symbols. An embodiment of the present invention

25 will now be described.

In FIG. 3 a communication system 300 that communicates data using an added
pilot semi-blind (APSB) scheme, in accordance with the present invention, comprises a
combiner 305 having a data input 307 for receiving a data signal 306, a pilot input 309
for receiving a pilot signal 308, and an input 311 for receiving a data—to-pilot power

30  ratio (DPR) signal. The data signal 306 comprises a series of data symbols while the
pilot signal comprises a series of pilot symbols. The DPR signal includes information
on power levels of the data signal 306 and the pilot signal 308 that are to be combined.

The combiner 305 includes a data conditioner 312 that receives the data signal
306 and the DPR signal and provides a conditioned data signal having a power level as

35  indicated by the DPR signal. Similarly, the combiner 305 includes a pilot conditioner
313 that receives the pilot signal 308 and the DPR signal, and provides a conditioned
pilot signal having a power level as indicated by the DPi{ signal.



Detail Description of the Drawi ngs 20 The present invention conbi nes the
advant ages of the PSAM and the blind schenmes to produce a scheme where
data and wiolmtssyabol s are conbined prior to transm ssiorcTauh2separat ed
when received at a receiver. In additBon, separation of the pilot synbols
at the receiver is acconplished by treating the data as noise and applying
an iterative process to detect the data synmbols. An enbodinent of the
present i nvent Tencomigined 305 alkpvintludesemmdidenstl4 foncdrhiining tie conditionied dhtaon

Sy St em 300sighalirofOHEUAlEAEAT c&%ﬁ@oﬂéﬁBPﬂaﬁlh@g&%ﬁﬁo&Hkgl&)} Sgf A B (APSE)

havi ng' a GBS SERRLORSBIPFLI Y B B pPiE tHesokroitionsddetaaypbolserd aput | 309
for recei viemgs af girlditioned giled sya{dBls, amiprenidinpdita-pildt sigals A0S Y hhSutPut

sor e of 3% oRBYEGmBRel 303, I (REpuP| R0 3LortiGists § SR ot BPrelty o ot
synbol s. THegnabpRhsregash diseutteidass signdl dvasratlataportam andwepilot datelpertioh, 4de dat a
si gnal 306ywR&4d tidSovirlt l§$ﬂﬁ@hat§9§m§oﬁg%d He iﬁ?g@%gﬁ%h%@gdrd%gglwgt ALY

305 includes_a data _conditioner receiv ata’sig 06 and
t he DPR si‘gﬁQPRaﬁamer ¢piapertien FRpreseris ablleagone drtgaymbplavi ng a power | evel

as 85 i ndicatmik difa piier SERISTII0NR thePpfickablnin stdienGRBYIRAErE(D pafigletides 2

[ it cei ves e pilo -

51 gnal 1 arks PO 102 TEE D Bramon T el ot s cxdliomenxpdbl as

i ndi cat ed MR, ahdesDiR ds¢agliva) and\W0r O GRS FRCIENSI0EHh QALY 3 1Bis thasmrli ner

305 al so imz&b&ﬁﬁuﬁi{aa@&pﬂ{aﬁé‘l for conbining the conditioned data signal
gnal c

fromthe data si onditioner 312 and the conditioned pil ot SI _g_nal from
the pilot sigh&Prrespeading sereivedaR-piloy signalisiIdireceivedSem e apimnpumictitiononed

data synbadhanfdldt spubsI9, %r@ées%@hﬁénﬁﬂ%%?%e@?ﬁlzyéﬁg%§em@v’]3g 6@!";3}%? ng

data-pjl ot signals.310 via output 5 ] i ner

dgt 2- B#SI gtsegllf’gtﬂé’lagauﬁﬁ@né’ﬁﬁﬁﬁqéeée Slisgrsts Bauriss transiemed B and the pataeldbs, wher e
each di scrsetiel dmyertesil@0ads d&@aibgd dadlier. paf dutput c%ﬂ%ﬁﬁ;t Ei!glhﬁllt31‘$6}'fc?in BQtrphir gn_, nand
wh t he I ata r.t,on_an e pi ortio [
acgtr)(radanceﬂ\?my}?ﬁhé I?af\ﬁgﬁ%ﬁgeéagg%v.m?h%%dﬁplgn [?69‘??1 Oﬁﬂ@%@lﬁr%gast one
dat a synboindthen AISB ¢lianngl estimatar 328 The &PS B ¢hanng) estimstee820 amd the{AIPSBCte, by
th eri al i 1 . 4 . el to

S erGi ZI l:onc\t1 gfr??dg eq?i%lggﬂ %Zr? Qacﬁgﬁ{?id?’gf’ @%alg (t{gltrarebéiglg,g}lges?l}]pg E%pr%%% lélgir lier,
and a Prarféfh inciﬁ‘Fé‘%W‘BS1g¥‘§ﬁ§ﬂelYlP&Fhe&RPp gignal1 Bhe pilatsignehd@dand thon a
comuni catDPR siphalngy be Aofedlin & RARSH (bt EEGeH )Y The APSBRIGhAIses B8 Gperadd

recei ved fv['iﬂmhterﬁéﬁ) C an'rqllelce%&rlng{gr 320 to determine the originally transmitted data 306

from the data-pilot signal 316 using the pilot signal 308 and the DPR signal, and
provides the originally transmitted data 306 via output 330 of the APSB equaliser 325.

25 This is accomplished with an iterative process where a channel estimate A(n) is made
by the APSB channel estimator 320, and a data estimate is then made using the
previously obtained channel estimate and provided via output 330. The output 330 is
coupled to the APSB channel estimator 320 to provide the channel estimate for a
subsequent iteration of channel estimation and data estimation. When a predetermined

30 number of iterations have been performed, the originally transmitted data 306 is
determined and provided via output 330 of the APSB equaliser 325.

With additional reference to FIG. 4, which shows the APSB scheme graphically,
symbols of the data-pilot signal 317 are shown as discrete signals 405 in the three
dimensional grid across time 206 and frequency 208 axes, and where the vertical axis

35  represents transmission power 210. Each discrete signal 405 comprises two portions, a
data portion 407 and a pilot portion 409. The proportions are defined by the DPR signal
which is, as defined earlier, the ratio of the data signal power to the pilot signal power.

?



channel at input 315, is processed sequentially by the cyclic prefix _
renmover 114, the 15 serial to parallel converter 116, the discrete Fourier
transf or nwDb3/0638d4 t he parallel to serial converter 120, a®cissoriived
earlier. An output data-pilot signal 316 fromoutput 317 of the parallel
to serial converter 120 is then provided to an APSB equalizer 325 and to
an APSB channel estimator 320. The APSB channel estimator 320 and the APSB
channel eqtRfre e opHiBURRER Wheee theresfarmansaof Segompuniention system3pe pi | ot

si gnal 308wowddte BEsteach i ncl ude an i nput 318 Lor rece:jw ng t he DPR ?I gtnal .
The pilot si | 308 and .th may be stored in menory (no
shovmpq)) . The %&%gc ﬁéﬂcF%fh gﬁgrecﬁ%ﬁ%‘%égon Wgelﬁ"‘i‘l?ﬁg séepsﬁ%ﬁm%rmt@éu mat or
320 to detadong wih tHeeiamnglluhaieloylsly laﬁdiliaﬂthé"sﬁﬂe fiafndPband, tHRpefblee dat a- pi | ot

[ | 531 he DPR, si gn d provides the
glr?g?nal I ?/(r ﬁ?ﬂgﬁlﬁkﬁmﬁ %Pott aﬁ%@a%\eo%%gg?e u%l?b ‘g”ibééq@“qum I ser 325.
25 Thi s i ogupyHeationishanngi.t h an |terat|ve process where a channel estinate
h(n) is rrade ’lmédiathe 1&&’ nﬁf@l’lr}‘é‘cl:elﬁ‘e?fﬂr&ﬁWco%ﬁ@um@ﬂﬁn%h%e?a&ﬁ&hgm eis

t hen made u VIOU obt ai ned channel estimate an rovi ded vi a

out put 33(3rl “‘Hh‘f % nicagop channgly apd e RBoEpQrHam ﬁfe!heélétarm or 320 to
provide t l’s@gmhﬁﬂdﬂn@bvnﬁ?hemby erehtg tﬂe dStu lp&ﬁiib‘d%@ tnoisé anaihitﬁﬂeéﬁﬂna@xbﬁ BF fle

t
o5t 1o oA BT oo, BESEREEISS R B w2l
det er mi nec:samdtign ofthe edmuiuaicatiorpettanBAusinig 4 leastARGReeapprdbacheWithfartidlV t h

addi ti onaly el @%?ﬁletc?aﬁl:ghst o%e#nﬁﬂﬂﬁﬁaugn%héfgp RGhedRpgyaphi cal ly,

synbol s of the ata- own as di screté signals 405 in
the three eswmﬁ@ﬁ§%W§|da@rqsama@§d§§h@rlwt@esoﬁmnmleqdenwsamgnmes and

wh th di screte
SI SL: I e géﬁbfrrhé‘cﬁkhei‘é@y&nfp'ioﬁﬁg)ﬂﬁ%@éﬁrﬁcyl SfARS EBiSAtBR aﬂ@‘ﬁﬁéw& Qn ag?ﬁ?tcport et

409. e 5t rT(r]:‘% ??Fstr%sgu%éﬁlon%ﬁﬂn?dﬁégwgobt@fh%qme WEW qu ergigngief i ned

earlier, the Viith eddifiondiecfd@hee wIFJGab, pmoedss 500 fdresiinhirig ﬁnb@&ﬂémﬂa@d\er WO

02/ 063844 da QTJ égoi%f %%?e]ec%ngggé & sétsqf gg%o.f) tt‘r&i’f rﬂﬁ%ﬁ&é\ém oﬁ'eg 8#1862 &ﬁ{)t{]og gnce

of the conmmuni cati on ‘Ssyst
present i FobndiNextake Eféé@?)mb@@i nunker of iteratipns is setrfd fi andexfirsadedlnfprwi t h t he

o B AT B4 B s SRR SO AR B o 1
ransm ssi

comurf®c a["? g}? 4???3 e?"r?éﬁ aHpte: the S§]¥§tﬁ§Fell¥lﬁe thecighy sells diaeentie |
conmuni ¢ auhmlmmmeyplcﬂlyt thé Blosest Eﬁrﬁfuﬁ&iﬁxg Qells’v\zb@ YtleétbE MMBINBitid 208
channel %H&i frtegl?en%&' 28% l Q)?rstals ?c cr%];]cetsht%e cgﬁ 23(? 1s 186nt1fled as cell (n,1) and the

relevant selected cells as SP(n,l). All the relevant selected cells SP(n,!) are then

normalised 542, for example by dividing the selected relevant cells by the pilot symbol

25  portion 409 to allow a suitable channel estimate to be made. An initial channel estimate
545 is then made using a 2-D Wiener filter, where the data portions 407 of the selected
relevant cells are treated as noise, and the result is an estimate of the communication
channel at (n,l). Subsequently, a data estimate 550 is made using the least squares
approach, and a decision 555 is made as to which symbol was transmitted. The decision

30 step 5355 may involve processes such as interleaving and coding before a decision is
made.

A determination 560 is then made as to whether all the cells in the set S have been
determined. When not all the cells in the set S have been determined, then the next cell
of the set S of cells is selected 570, and the process 500 returns to step 540 of selecting

35  relevant cells to the newly selected cell. The looping back through step 570 continues
until all the cells in the set S have been determined. When all the cells in the set S have
been determined, the determination at step 560 is true, a counter (not shown) indicating



signal is known. Then, by treating the data portion as noise, an initial
estimation of the 10 comruni cati on channel can be deterni ned, and a data
esti mat e wotoaioossd4 with the initial estimtion of the comtarsGoanican
channel, using a | east squares approawh. Wth partial know edge of the
characteristics of the communi cati on channel via the channel estimtes and
the data estimates, further iterations of channel and data estimation are
per f or med, themarmbeyof itgsatians i és inpremeated 562 andfa debeemirstiond65 cnmadechsab | owi ng an
accurate 1Fh@héd hBh8mbr SfhRrdtion B d xfe%heé%ﬁ%p_ Qctpx‘?ni:ir@cfi@%rﬂlgér%¥ g@rtagorﬁ G 5 a
| )

pr edet er m n?d nungﬁég{l i erathons._ Wth_ a tional referenc
process 50%{be : ‘?"rfbe ppeberof itertiops ghasggached thepredetrymingdmymbet ect i ng
510 a set offiteratidns s&0n fstep 515 the preeis\500 cad 567 Hddlee wWheh theGinber & Next

th t ). f ot i t 5 d fi t I, f
el & cerrol s ASpacba bei-Bld Rcyutier M brofits 500 tesbS G ErR Y ant 1o
t he esti nmad3Soandrepests asiisseribetl al®@. are sel ected 540. Here, the sel ected

[ 1 h 1 i . | .NJ | h
cells are the Réfhfingfdv & A, %Ca%ﬁctidﬁgl é%sé?ﬁfdnt%ﬁccﬂn%m%xghﬁo% s%taﬁ-,f €

cl osest su ound* cells are selected. [ requency
208 1 axe P FRIOBc e rulgsdorrgtationdhatiate empleyed ated as cel |l (n,|) and the
rel evant sel eghe ; f el | l.s SP
(n, 1) are then lq%:nl((glr%la h§?§§a§§242]?atf%%exe@adn%% ﬁ@eﬂf &ﬁgp ’nge%%ﬁg]é@gﬁ"g%tngd

rel evalt cel | SOBicesRs Bimiot synbol 25 portion 409 to allow a suitable
channel esti gsagi@m- R T . I i.s_t.hen nade
using a 2-D \r/rvﬁggltlaérﬁ?ﬂ%? er, m%@rggh]%yﬁgbﬁg%s;ﬁgg@ﬁ%@%@?ﬁ’gw’ ?ﬁ’gn)geqnéct ed

rel evant cel | subsvectorshabeidesiste bgipea witnatildbe o @oell | il @tinRkdienBtig of the
comuni cation channel at (n,l). Subsequently, a data estinmate 550 is nade

usi ng the 1 easvitbgbatree hsapproach, and a decision 555 is nmade as to which
synbol was tr 1.t tedr wThe«deci sjon 30.step 555 may inyol ve processes such
as interleavi ﬁsgﬁgﬁ%’pggdi r?agbg?r&teeﬁlﬁ oagrgpgr.i\sorﬁa% “aﬂﬂ%’é?’%%‘l"’é’r%dnati on 560
i s thers made a®njugatibif;rdrpectively, AMPE @ehdtés dxpettifors @hd S have been

determ ned. Wen not all the cells in the set S have been determ ned, then

the next cell elgpenthel wstorgmatricepare denasedad Bd{[#H,,570, and the process 500
returns to strapeckAnly SRAREHHE o3%n' Stefihbdel {07! leﬁw, sel ected
cell. The Ig%iﬁg[g.bgggythrggﬁ%g stepn5 0 cogt ie,nues unt’itﬁéfg tr)rg)é cells in
the set S SHE-J8F BYRPSTER] cysheenietay pampes isd)sjaad the padmyy numbeapé  been
det er mi nedthabied radporsersamples 0 at step 560 is true, a counter (not shown)
i ndi cati ng WO 02/ 063844 PCT/ SG02/ 00019 0 the nunber of iterations i is

i ncrem®nted 562, and a deternmni nati o ) made as to whether the nunber
of iteration i haye.r hed .t he. predeterm unber of iterations set in
step 515. Wien V{)‘H}e{‘a’ tﬁﬁﬁﬁér‘m&be{ o Sng ope ﬁgg)h&éﬂﬁh@dst he predet er ni ned
nunmber P=L+D.
and, the OFDM symbol period is defined as
T,=PT.
25 The complex baseband representation of the communication channel 603,
particularly a mobile wireless communication channel, impulse response at time 7 is
described by
h(1,T) = Zvl(t) 8(T- T (1)) )
l

30 where Ty() and (1) are the delay and complex amplitude of the /* path, respectively.

The power delay profile of the channel is defined as

p(W)=E [h(t, T) K2, D] )
Assuming an exponentially decaying power delay profile with

p(T)=A exp (-T/T,,)



of iterations set in step 515, the process 500 ends 567. However, when the
nunber of 5 iterations i has not reached the predeterm ned nunber, the
process 580 m@tasnns to step 535 and repeats as descri bedraly®Ge2/00Res ur ni ng
nowto FIG 3 a functional descriptiont of the conmunicati on system 300 now
follows. The rules for notation that are enployed are: - in the tine
domain, signals at index (n,l) are witten as h(n,l), vectors as h(n), and

10 mat ri ceshas TH( iy a paraindtet bftht CRarHCNIOWIOERhArddt FeRS Shuardd deldySspadied (e. g.
hi(n,1), hF(n), HF(n)); and sub-vectors/matrices are Capped With a tilde

e.g. h or aidA srdoemalizing echstant.i Fieamrmalizetltth, & diedn 8.1, /7h; - superscripts
T. Hand * denote t{;ue erations trix transpose, Hermtian and 15
conj ugation, re¥gad ?Vg‘{% e mohylity apsmites and ECPiypr, asnaximum Renpplars of
vect or s/ mespréadgf, wilboatanit thel rexsived bighid] This isTiteoslted R vatlya 8RBRLRamer | od of
an OFDM sy, j . . n er_of .sub riers i.s L, the nunber of
cycli (I::)I\éI pre |§rmég’?rrlgfée%h§}sl}‘ﬁfﬁdgﬁaa# %;gv%%grﬁ?ﬁ?wgmﬁmwahiﬁﬁdﬂwu%sponse
sanpl es i SPomplespread i) dafied os ffs basedain theiassemption Santhk ehanine] coeefi@ERM Sy mbol
is P= L@ﬁa@%vamstaép%&y@m\wﬁuo@geﬁéd flefined as TS = PT. 25 The

0 e

conpl ex baseband_representation comurii cati on_channel 605,
particularly a %H]CBQHW oy 1 veetpldpnanalisis iIn FIMdn thel time-vavians granfehonse  at
tine t is fulearobbasedtyort (he Fourier Withsfénn & quatién (1) hbovel with kespctabere tij (t)
and ?i \(R/te) @ge th ,&Yel ay and conpl ex anplitude of the 1" path, respectively.
The poWer yaﬁr“gﬁ‘ PIPducss thefrauatiobrdowi s defined as p(ti) = E [h(t, ti)
h*(t, ti)] (2) Assum ng an exponentially decayi ng power delay profile with
p(T) = Aexp (-ti/tin"s) W02/ 063844 PCT/ S&X2/ 00019 11 where ',.1115 is a

paraneter of the chanmgleagwaraseipie2npdisrrean squared del ay sprgad,

Assuming a wide sense stationary uncorrelated scattering (WSSUS), and a

15 Rayleigh fading channel with Jakes' spectrum, the autocorrelation of the channel is
separable in time ¢, and frequency f, and can be written as follows.

ooty (W05, F )= B[ (e, FR(E )]
=r(A)r . (&f) (4A)

where At = #-¢; and Af = f~f".'We have

1-exp(-DT(l/1,,. +j27Af))
(1-exp(-DT/1,,,))1+ j2nT,,)
1

T1+j240f7,,,

20 r,(Af)=

(4B)

assuming [(D)/(T,ms/T)] >> 1, and

25 . n(At)y=Jo(2nFpAt) (40)
with Jy(*) being the zeroth order Bessel function of the first kind.
The discrete channel model of a communication channel of order B( < D) can be
described as h(n,l) = h(t = nT,,T = IT), assuming that 7 (f)is uniformly spaced at
intervals of T and that P(7)=0for = ) 7,,,, = BTand represented as a vector at time
0 nas h(n)=[h(n,0)...h(n, L - 1)]*

=[h(1,0)...h(n, B)0...0]" ecL* )
where C is a complex number.



and Ais a normalizing constant. The normalized t,,,,, is given as 'crmjT.
Due to the relative nobility of the transmtter and receiver, a nmaxi num
Doppl er wproeaeshdD, will occur in the received signal. ThipETiISGoxo@aunt ed
for wwth a tinme-variant 5 channel where a high fDinplies a fast varying
channel . The normalized maxi mum Doppl er spread is defined as fDTs, based on
t he assunpti on Thachanhel cobffivieats io dedf frequiencyt éomainaretdbnﬁnédﬁlxnaf dimilar wyer each
OFDM synb E . [ ich is useful for analysis in DMis
t he ti?/re- \?ﬂgﬁ@%&ﬁ@%ﬁé%ﬁ%@ | énM]obt ained from-the Fourier transform of
equation (1) above, k= éEbeé’@)ﬁctbF(YQQ)-deq‘(athil),] whi ch produces (Ghe
equation below. 00 hF (t,fl =J h(t,ti) exp(J27r.1't) dt (3) Assumng a

i d se_st ati.onar carrelated scattering ( S), .and a 15 Rayl ei gh
:‘MadiGn;echaWﬁ%'FtFIV\ﬁS?l}Fggl?ggm{%g‘é‘frf’@ O“Fﬁ%“%‘l??%’oﬁill;é’ﬁqtﬁﬁwd@ the channel is
separ abl e [lﬁ]ntl FREp (2 malid.) f  BgarenEis the anesgondinganversd DET (HSFT)ahhtaws .

hFhF(t, t'f, f)= . i = a f 4A), . where At = t-f;
RUALARERNSL S %%‘c‘ﬁ%é%m%% sisorerolchaie. f o, cah Bl ol B &
I z,,,t5))quatons (46),A4B) and (4() by replaging\df F&/({LTB)andadsanTyng [ (D) (tiF, "5/ T)]
>> 1, and 25 rtTQedéivePORPM ﬁgﬁl}nzﬂ?ﬁﬁgcon%&x@d%%%?alg tlﬂﬁghgﬁ)égﬁgth or der

Bessel function of thd% first krnd e di screte chann
communi® at SUORER YRGS (B/¥e¥- B( < D) can be described as h(n,1) = h(t =

”TS” ;l'h=él7pv)/herao ) ng:o;i»aﬁzvrkl,(ﬁ %}rs Ls dlqlﬂhﬁd)(’vlﬁkﬁétl\‘ﬁgéaﬁ@d)tﬁtnurﬂtbgfr §f;dtéﬁ% f rrgf 33 ]
an a r).= .or,.72 r .= a rrepresented as a, veg |

as h(n)=[ h‘f‘%,}‘&ef{.‘?“ﬁ‘(’?{’: 2 i‘}rﬁaélsztf‘%{"ﬁf‘gﬁrﬁf.sﬁ?’ﬁ?fgf@ as .def'“?eqz%%&?f- (5) where Cis
a conpl ex nunbeh model B2 AQERSH#nECTlteB@GR hOBTEAesdribedus sublanfigter s@eéd foci ent s
in the freghyg QEtYm%ggﬁ'bﬂl AFpIRAR ARG tHeteeivdr MEsfhatd®Winl b o6ABELPN (2) . but

in discrete time . L
15 index (n,l)eS, from the sampled signals at indices (n',I')e S&", where S and S¢*9

are subsets of S, and where Sp =U,; S$ . The definitions of S,,Spand SS D will be
provided later.

In a 2-D wide sense stationary (WSS) stochastic process ﬁp(n, D
which contains information of the desired signal &, (n,l)and is corrupted by correlated
20  noise hg(n,l)ve(n,!) and additive white Gaussian noise (AWGN), y r(n,1), as follows:
Re(nl) = hp(n0)+hp(n v e(n,0) +up(n,l) @)

The notation A (n,l) and ug(n,l)indicate that the channel frequency response
is estimated from its noisy samples. It is assumed that vz(n,l) and wug(n,l) are
25 white, and that hg(n,l),vp(n,D)andug(n,l) are mutually un-correlated, and zero mean
stochastic processes. In the prior art PSAM scheme, the correlated noise component is
absent, in contrast, for the APSB scheme of the present invention, as described, the
correlated noise component is advantageously reduced through successive iterative

measures.
30 For the 2-D Wiener filter, the estimator for hp(n,l)is given as:
he(rl)= " Y win,lin' Ihe(n 1), V(n,D)eS, (8)
{n'.l‘}es,(,"")

where w(n,l;n'l') is the weight applied on he(n',I')to estimate hp(n,l).

35 Based on the assumption that a total of A andA/ pilots are used in the n and !
direction, respectively, for each estimation of hz(n,l), a vector E(n,l)eCANAL *1is

performed by stacking the elements from Ap(n',I'),V (., I )ES;"’I) and a vector

?

W (n,1)e CA¥41* s formed by stacking the conjugate elements of w(n,L;n'l').



hF(n)=VLFh (n)=[hF(n,0)...hF(n,L-1)]T (6) 5 where Fis the L XL unitary
di screte Fourier transform (DFT) matrix with [ Fln , = exp(-27cnl / L) /

-[ L-, andwb'02ioe3stihe correspondi ng i nverse DFT (I DFT) matr PKT/SGD@0019
auto-correlation of the discrete chant3el, rhFhF (n, 1), can be obtained
fromthe equations (4A), (4B) and (4C) by replacing O =I/(LT) and At=nTs.
The recei vEguadebiBktanrbelreventteneascfotlewsier ed a digital signal in a 2-D cell

10 structure w th indigcgspE .o JiEp: erenS = {(n, 1) : 05 n:5 N-1, 0 <1<
L - 1} , and where NisF?ﬁe)totaF'%n)u%ﬁ{’gf cells in the time dir@gc]:)tion, n,

and L is tTheminimbes thefdifferbracalia(ndy s &én, Yein the theemsduape sende ambisHtaihake a 2- D
Wener fil Y i giﬂﬁn- i ¥ . orm

esti mat es %ﬁl{)%%éé%‘ﬁgighgl gcﬂ(grls@%ao?ﬁ '? %oelﬁﬁt el vg)?e. {Sésot%?&rréthgcsl v‘s\ngq%lahg%(%bt ai ned
at 15 ihdetesylfing in the eggationdglavhe sanpl ed signals at indices (n' , |' )ES(
"*1), where SD and S( n,') are subsets of S, and where S, = u",, SP'"") The
definitions of SD, B A —ppovi deg[].af.er @ha 2-D wi de
sense stationary &B@f@goﬁg@\(@g bl(k:gss R’F(n, I)g{%'/\hfghec%ht ai ns (10)

i nf or mat i oBubstituting eqeationdd) miwerplatibi-(10),| thaMiencs-Hapf egpdtiza, With optimaimt ed 20
noi se hF( I , addi. 1| I I noi se (AWGAN), uF(n,l), as
fol | ows: n'i?b%")rgé}?s QOH’@P%? ? 4%%%%’%?%%?@%@(‘%&1) (7) The notation hE(n, )
and uFlh, ) indicate that the channel frequency response is estimted from
its noisy sanples. NIt j, al,s,gsqq@q“t Ly nph) angpu 1) ank 25 hte, and
that hF(n,l),VvF ,ﬂ,%s@nd% n( n, I )ar gpér}rlua? &Z{’ﬁ“y” 1311 cor #ﬁ%@«%}l ZR zergm?’rean

stochastic proc ss}es. In the prior art PSAM schene, the correl ated noi se

conmponent is ab]Seﬂmi%g the oﬁ:ﬂys-tcbﬁ‘élatioilﬂ of l{gbﬁl)&ﬁﬁﬁpﬁﬁlf)%ﬂtﬁé adtbtﬁ)aﬁl@ﬁﬁnt I

i nvention, escCrl correl ated noi se conponent is advantageously
reduced th(r)tgz; ﬁl’éu{:cé%eggye\’/l&agt erative nmeasures. 30 For the 2-D Wener
filter}5the estimator for hF(n,l)is given as: hF(n,l1)= w(n,I;

n'I*)yhF(n",1"), “d(n,1)ESD (8) 1w r }ESE,"') where.w(n, I; n" |"'),is the
wei ght applied on hF (n', 7, (')—nblei't)ﬁi‘aﬁe(m:%hl((nf,l'l)]. 35 Based onéltzke
assunption that a total of ON and L L pilots are used in the n and |
direction, respectively, for each estimation of hF(n,l), a vector

h(n, | )ECANAL X 1 is perfeor By rspackglAgt peytelepgts fromhF (pn' , 1" ),
d(n:, I') ESP"'i, and a’v’bn??or ’W(?,I)[ nl\’lA%FS( I’gﬁpor med by sta@l@? ng the
conjugzte elenents of w(n,l;n" I' ). WO 02/063844 PCT/ S&2/ 00019

Letting T, (nD=E[ b z(nDh}(n,D)]eC***" be the cross-
correlation vector and IE’TFEF (n,l)=E[ h r(n,0) h I,?(n,l)]e CANBLXANAL e the
autocorrelation matrix hg(n,l) formed from the elements of equations (12) and (13),
respectively. Therefore, the Wiener-Hopf equation can be re-written in matrix notation

25 as

wo(nD= R 7; T, (D) (14)

Assuming that hg(n,l),v(n,l)andu(n,l) are mutually un-correlated and wide-
sense stationary white stochastic processes, using the definition provided by equation
30 (7), and letting An and Al be the discrete time and frequency difference indices,
respectively, equations (12) and (13) can be written as follows.

Tk (A1 AD= 1y (An, Al as)
B b, (A D=1 4, (An, A+, g (Am,ADX, ., (An,Al)
35 +1, v, (An,Al)
 [hehs (An,AD+0fc2+02  forAn,Al=0 a6
- { M ehy (An, Al) otherwise



13 Equation (8) can be re-witten as follows. hF(n,1) = wH(n,I) h F(n,I)
(9) To mnimze the difference hF(n,l1) - h(n,1) in the mean square sense
and obt aiwoto®e3saept i mum t ap- wei ght vector, the orthogonal iPCY/Saoe/n@ipl e is
now applied to equation (9) 5 resul14i ng in the equation below (10) E
[ (hF(n, ) - hF(nI))hF ") 1 0, {n", 1"} E &J) Substituting equation (8)
i nto equat |"H’ﬁr€( 10, ( élwsethélﬂquléme @mmatm hwi th optimum tap weights wo

(n, I; re, 1" bi]ﬁ]]‘led (as)pgrpaegﬁf aw. 10 | vvo(nl

n' r)E[hF(n , )&F?;ﬁf 1") Xy = hF(_pda%gM J)_’z')rgj ql1) ,r} ESp"~~ L

Def| ning the cross correl atieh o i ?ndlgﬂe(aut ocoog]r?llgglon
of hF(n, I), respectlvel y as 15 L FhF( 2| i‘ E[ hF(n n", 1"k

rh h (ng -n", 1" -1")=E[hF(n', ;i{ -P(J?Q FLJﬁ‘]I(13) 20 Letting

rhFhF(n, 1) E[ h F(n 1) hE(DA I(r)])EC'r,, Inlb)a the cross- correlation V@& or and
RhFj (n, | )Am, WheFQ ;q,;,ptsth{Nub)ymc;&mMmﬁthmnx be hfalﬂiemcRrr&iaalbbon matri x

hF(n,1) fo o] tzl on 3), hehe espectlvely
Th(erefz)re &{Iﬁge enerqng%%\‘(%gﬁpgw ?g"‘éw ]E%?Ptfri(-\u’ﬂﬂef& W S0t at i on
25 as WO(n,l)= R hFhF r hphf ( (14) sum ng,J hat

hF(n, 1), v(n,l)andu(n, 1) awe(mlE th],%-lt(n-h Hfag;l)al}ad BRg, 0i,0e- sens 9)
stationary _white stochastic processes, usi ng the definftion providéed by
equat i ¥h %T%ﬂsq&ﬁ@q‘mﬂi ) €3N ey %Pb Be discrete tinme and frequency

di fference indices, respect {,yg)_ehg(ha;) n()@%} and (13) can be )tten as

1FhF( An,’Al ) +7
{:ﬁ::l( z\r’]\s Al ;: h; E'@&’\}ﬁAInAI}?um §B) at m&ex (n, ) 1s then o(btame y su‘%)stltutlr(lg )

equation (9) into equation (20), and using the optimum weight factor in equation (19),
MMSE(n,l)=0% - W (n1)Ep, . (n,]) (1)
15
For simplicity, O',f =1 for all subsequent equations.
Now letting the transmitted data in the frequency domain be
dp(n,1),¥ (n,l)eSp , where n is the discrete time index and ! the discrete frequency
index. In an OFDM system, n refers to the OFDM block index, while [ refers to the sub-
20 carrier index, and pilots are denoted as pg(n,l),V(n,l)€ Sp. It is assumed that pr(n,0) is
deterministic and selected from a fixed set of alphabets, while d r(n,0), the datais a
zero mean stochastic process. The variance of p.(n,l) is denoted as 820'3 ,and in
practical implementations €2((1 .
In accordance with the present invention, as described herein, pilot signals and
25  data signals are added together and co-exist at all time, n, and frequency points , /, in
order to conserve bandwidth, that is, S,=S,=S5. The signal after the data signal and the
pilot signal are combined is defined below.

xp(n,l)=d,,~(n,l)+pf(n,l), VY(nDeS (22)
and 02=(1+€?)03. Other definitions follow.
30 Data — to — Pilot Power Ratio(DPR) =0'3 /(820'3)=1/ e

Signal - to — Pilot Power Ratio(SPR)=0 /(¢*63)=1+1/ €*=1+ DPR
Assuming that the orthogonality of the OFDM system 600 is maintained, the
signal after OFDM demodulation is

Yr(n,l)=hp(n,Dxp(n,0)+bp (n,l)
35 =hp(n,D)(drp(n,D)+pr(n,D)+bg (n,1) (23)
where bg(n,l)is an additive Gaussian noise (AWGN) stochastic process.



35 +ryFVF (An, Al) | FhF (An, Al)+6262 +a forAn, Al =0 rhFhF (An, Al) ot herw se
(16) WO 02/063844 PCT/ SG02/ 00019 14 where rhFhF (On, El) is the

aut ocorr ewetozoessaat ri x hF. R hFhF and rh hF(n, 1) can be @cmsiGodh@ds as |
hFhF = R hFhF+dl ag( RhFhF) 6V+o | = R hBhF +(Ch6v +62) | (17) 5 r hFhF(n, 1)

hFhF(n, | 1 d R hFEhE i t he ,NL . L aut | ati t'=
o "hE. \then (9 oty HRTHE piSSE Hvebfio B8 dpteahis BoreR FRROES o and Qu
are known, estineatiop tfiam thewecegted signali@(m1i pdrirkied in aiterati v nanter- Horfease

hFhF(n' 1) : T ). Aihe : ' as E
I hF(n, 1) - hiéf(l(%)sin%%n\’/hﬁ,ffﬁéfséﬁ( oe S%%aﬁn?“%%ﬁ?‘?ﬁ‘%%ﬁ‘%spﬁ?&%ﬁéé%%%h, 1) is
t hen obtai neﬂ%é—litggﬁl(léﬂ ng equation (9) into equation (20), and using

t EE thtS' lrr;Jm \ﬁﬂaﬁhéll g&@@mf 3tmilsgcgltEtWﬁugnﬁ£ A, ad\&ﬁEa(cl | &r&%&g&lieﬁ,’\fitﬁnatész the o

r n, OrL.. Si ici.ty, . =1 for all suhseguent equations. w
et ti gt heeppdeRpte Firdh TR it iRk iy AT Db AT 0 e, 1)

E SD , whefist iteration,tleusdi screte tinme index and 1 the discrete frequency

i ndex. In an OFDM syst emEFm,[)&fﬁ(,gz)t/?F #¥ OFDM bl ock index, while | refers
to the sub- 20 carrier index, _glngl Bi o{s gre anot ed as pF?n,I) V(n,1)E S
It is assuned that PF(n, 1) is-detedifntsDeetdhopeEiitebedb B fi xed set

of al phgbets, while dF(n, ), the(gBta.(sl HQ @R Sstochastic cess.
The variance of pF(n,I) is denot?(edaasF(Ege)frlfrzgnd fin practi cal 24P

i mpl enmentations E2 ((1 . In accordance with the present invention, as

descri bed whereivp(n,pid @i(n,8 gmﬂ,]lcl)sis awdta-dpertizhendi$edinfb8ucet Aua e5de ali@igsh her and
co- exi st o a r enc I nt s . ' order .tq,.gonserve
bandwi dt h?fgfttﬁ%bﬂ“{né ?*@5'3‘2‘35%%:“@%9%%ﬂﬁ%ﬂ@ﬂ% é‘rJW?NgTB%P SCHRInAl and t he
pi | ot si gniaticaiee thad theinotationss spetificdo tHedirstiteratdonn Sinikatse of Jubsdrm "1") ,

V(n, 1)BES ()b «d for thk i* itEliotd. Ot her definitions follow. 30 Data - to
- Pilot Power eRéa}{ti#'lf)’?( DPR) :lalF‘(%lelgaZ) -1/ E2

Assuming that the pilots, px(n,l), are selected from a set of constant modulus
symbols, we obtain

2 2
2 _o||aemD| | o3
o,1=E = =DPR 25
’ [Ipp(n,z)l 203 (23)
and similarly
2 2 2
20 2 O 1+€“ o SPR
ol =t = %p _ (26)

€203 € o2 SNR

where, as defined earlier, SPR=(1+£2)/ £2,and SNR =62 / 67.

Equation (24) is in a similar form as equation (7) and the optimum tap weights can
be obtained in a similar form as in equation (14) using time A, and frequency A
25  sampled signals. In this case, the autocorrelation matrix R;, i, »is independent of (n,l),
however the cross correlation vector g (n.) is usually dependent of (n,1) .

FIG. 6 shows a graphical representation in the time/frequency domain, and S,(,"")
is selected such that (n,]) is in the center of S5"”. The set of indices encompased by S
will change, and may be visualized as a sliding window, as (n,I) changes. The relative
30 index of (n,l) and S,(,"") however, will not change. Assuming wide sense stationarity,
R Pk (n,) will also not change. Next, for example, the cross-correlation vector
r,;F,,F (n.D)when estimating index 601 and 602 would be the same. When (1,]) is near to
the boundary of S, such as when estimating index 603, the relative indices of (n,l) and
S, would be different. Thus, rﬁrhp (n,l) would be different in this case.
35



Signal - to - Pilot Power Ratio (SPR) = 62 /(e20 2)=1+1 / E2 =1+DPR

Assum ng that the orthogonality of the OFDM system 600 is naintained, the
si gnal afwero2@FdM denodul ation is yF(n,1)=hF(n,|)xF(n, 1) +PET(SG02/200185
=hF(n, 1) (dF(n, 1)+ pF(n, 1)) +bF (n, 1) 1623) where bF(n,l)is an additive
Gaussi an noi se V\Gﬂ astli ocess. WO 02/063844 PCT/ SG02/ 00019 15

I n accor dance \Aﬁoﬁvtt eewgszlﬂ“ﬁ??f&éﬁﬁez}ﬁt1§§at’(?858ﬁ‘?"b%d herein, channel -data
estimation fromthe received signal yF(n,l) is perfornmed in an iterative
manner. For ease of descript oo, e Fih$ihL{grALi on and subsequ
iterations will be described s'glpar at el 3;" F ﬂgT )?TERATI ON 5 Channg}5

estimator 320 i Thas, heFidV @iafatd 6fl4.@41) i8S characterized earlier, estimtes
the channel response. First, the recei vgd signal yF(n,l) in equation (23)
is normalized in the first itergigy= 4 ) hF(n,I)=YF(n,I)/PF(n&383
=hF(n, |)+hF(n,1)dF(n, 1)/ pF(n, 1)+bF(n, B{(PFIn,1) 10

=hF(n, | ) +hi(n, I ) +UF 4 Fl(n, 1) = dF(n,1)/PF(n,1) i
2 aat a- dopbiteit VeS| dealiitn o s GHieqCT R RIPORBR 551 "t he pi ot s o the

data, and uFl (n,l) = bF(n ), / _PE( | WGN. The subscript "1"

i ndi cates that the notati gﬁ‘(fl’l)_sf)@@f’bl) chf(ﬁ’l he first iteration. Simlar use
of subscript "i" 15 will be eml py@d)f or (tQ? i “h iteration. Assum ng that
the pilots, PF(n,l), are sel ect_ef;]F (,{’%g]%fg of constant nodulus synbols,
we obtain a i =E 11 dF(n,l) 2 = d ZDPR PF nol) Egad (25) and simlarly 20
2 _ab _ 1+ E2 ab _ SPR (26) E &) (dp(niRpra(il) dle pdef i peg
earlier, SPR = (1 + E2) / E2 ,and SNR = ahg(hd) Equation (JQQ? isina
simlajpformas equation (7) and the optimumtap wei ghts can be obtained
inasimlar formas in equation (14) using time ON and frequency AL 25

sanpl ed si - his.case, the autocorrelatjon matrix , , IS
i ndependengreg% a.taﬂf"lg)efsuma%%@ﬁrffﬂel'ec ur}:b's(g’léﬁzréﬂ'ét ﬁ"ﬁﬂ 69%198?9 )H?H‘mesn, 1) is
usual | y dependent of (n, 1) . _
dpy(n,1)= dp(n,0)+ bp(n,1)/ hp(n,1) (30)
Then, a decision device or slicer, as is known in the art, is used on c?m (n,l) to obtain
an estimate dg(n,1) of dp(n,l).

15
SUBSEQUENT ITERATIONS
For the second iteration, the normalization is carried out using Eﬂ n,0) + pp(n).
The normalization tries to remove the data-dependent noise v, (n,l) that appears in
the first iteration as characterized in equation (24). The normalization for the second
20  iteration is carried out as follows:

T yF(nJ)
hey(n,l) ==
() dey(, 1)+ pp(n,])

_ he(n,0)(dp(n,D)+ pp(n,0))+bp(n,l)

= 31
dr(m D+ pr(n1) GD
25
Making the substitution d,(n,l) = dg(n,l) which is a good approximation when
the probability of symbol error is small, equation (31 )becomes
- bgp(n,l)
hey(n,1) = hp(n, ) +=—E%
F2 F(nh) dpy(n,1)+ pp(n,I)
= he(n,)+ug,(n,l) (32)
30  where br(n,l)

:l ===
tranl) (dp (1) + pp(n,1))



FIG 6 shows a graphical representation in the tinme/frequency domain, and
SP ' is selected such that (n, |I) is in the center of SP '1) The set of

i ndi ces ewoanpesed by SP '1) wll change, and nay be vi swralrisScegio@ss a
sliding window, as (n,l) changes. Thelrelative 30 index of (n,l) and SP"'1)
however, will not change. Assum ng wi de sense stationarity, RhFhF (n,lI)

wi Il also not change. Next, for exanple, the cross-correlation vector rEFhF
(n, 1) vvhe estl |ng|n ex 601 and 602 would be the same. Wien (n, 1) is
near to %b’@r(a Ras she gﬁm of GapAtien (Wn‘é’rﬁh eGiiTAENGRy Virr@dX=603, t he

woutd be h?ﬁ# e op % e Rin PR (el esmaculped Pravadmbrmiasa o now
t he MVBE eshiftkeying (QBSKD emdf iprén, et é@@thldn)t«zﬁ} paQPSKRofstelldtionWV 0 1( n, 1) h

F1 I 2 f YFE

( 23(3)n |)5 ( |§) ("112442 (”"ﬁlé‘\‘/ﬂ{ %%U%o?@dsg?ﬁ%ﬂ’ ?Féﬂ" ‘{"lh)ég k‘i‘{aﬁh’%& r18?’&%}1'1;( nnl )i s
obt ai ned as C’dtlﬂ?ll‘qh"'%—-lw H{%, 1‘)ShPFi(irbeIl)3th that onlyl the fipr gradrantof tienQPSK =
hF(n, 1) ( dFélQndl)cél?dfél[hubh)utbﬁédﬂ clahsﬂ&éd'd&é tolitDD § ? . Hbhcel the! rte%l§1{:b% channel

estimation Is ger ect é hF(n, 1) quatl on becones
dFl (n, 1) = §5H ifeguﬁeﬁ tf’n 1) /0' EqE df),(r(,B@pF(ﬁmE;] a deci sion device or
slicer, as is known inthe art, is used on dF,(n,1)"to obtain an estimte
dFl (n, }3 of dF(n,1). 15 SUBSEQJENT 2I TERNI'&"C]\IS Foy the second iteration, the
normal i zation is carried out usimf. ggrey 1) F’F( n,I). The normalization
tries to renove the data-dependent n0| S R\ 1) t hat appears in the
first iteration as characterized I(P equatl dn (24) ojfhe normal i zati on for

t he second (1-2€%+ €*) (1+£%)0>
=(1+e*)(1+2€*+ -)SNR™
15 =(1+2e*)SNR™! (33)

This approximation can be made when & {(1.

The 2-D Wiener filtering is applied accordingly in equation (9) and (14) by
setting by setting 0' _ ¢ (.e. there is no correlated noise component) and

o2 u =02 «2 Then the channel estimator is

20 hea(mD)=W §o(n1) hpa(n,) 34)

Finally, the estimate d r2(n,1)1s obtained by following the steps as in equations
(28) and (29).

The subsequent iterations can be extended from the second iteration. However,
the assumption EFZ (n,1)=dg(n,l) made in equation (32) will be more accurate in
25  subsequent iterations and will therefore result in a better estimate for
ﬁm (n,l),ﬁm (n,1), etc. As more iterations are performed, the channel estimate
converges to the actual channel response.

In the prior art PSAM scheme, for every one pilot cell, there are on average
(6n01, —1) data cells. The effective average signal power after pilot insertion is

2
30 qu,g[n +<6L6N—1>] (35)
Y
where n2 21 is the ratio of the power of the pilot to that of the data for PSAM
scheme.



20 iteration is carried out as follows: hF2(n,1) =" YF(n,I)

dFl (n, 1) +PF(n, 1) = hF(n,1)(dF(n,1)+PF(n,1))+bF(n,1) (31) 25 dFi (n, |)+PF
(n, 1) Maworg/otdses substitution dFl(n,1) = dF(n,1) which i ®ca/sgoodoo19
approxi mati on when the probability of8 synbol error is small, equation (31

b hERC 0o 1l = FCN, 1) Ay B dEL(n, 1) 4PF(n, 1) =
%1F?ﬁ?rlr?iuFgﬁ%?ﬂgﬁgl(‘gi@‘&%@‘%ﬁ%) ‘ﬁﬁé{ﬁ#éﬁ"‘é%ﬁ‘%‘ﬁ??‘; ‘T‘t’ﬁ Pl n? 1) +PF(n, 1)) WO
02/ 063844 PCT/ SG)2/ 00019 17 Equation (32) has the form of equation (7)
with 6v2 =S¥PIEIALBSvF2 (n, 1) = 0. Then based on the assunption tShat .

1) i dul db d h hift keyi K), an

DECO T EL BT 1)1 ) o ORIk @F ) DD HS VR | ) + D, (3%;(, can
h f i bl | h bei lly likely tc r: 1+
TTaR 1] 1508 =530 dn g BF e StRion A ihogHing prssenceiof oo e o ¢ he
QPSK  s$ gnedpresens thed dddlitional Mrhﬁmdwa@hgai’sﬁg f%ittﬁe I&/@s bf ?oxﬁerﬁztﬁ&ﬂl IHT@,P}:E y- N

h | ' u2= n + n,
10 2 1 b oty /e pBC hEERNE PichBuE bplediionldD b g T (e by
=(1+E4) (1+2E2 + )SNR-1 15 =(1+2E2) SNR-1 (,33), Thi s approxi mati on can be
made when E2 ((1. The 2- D ViS&fex: F0Mege(Pr§ou ¥ Bappl i ed accordingly in

equation (9) and (14) by =0 (i.e. there o gorrel ated noi se conponent)
and setting by setting a2 = 622=10log,, 1 4@, 8- dB @7
6.0y
10
Since part of the bandwidth is used for pilot transmission, there is a reduction in
the effective data rate. The percentage bandwidth loss is
1
vVloss =m)<100% (38)

15 When power boosted pilots (i.e. n)1) are used, we note that SNR, ., > 0 dB. The
actual SNR would have to be adjusted according to equation (36) for proper comparison
with other schemes. In the case when 7= 1, however, no additional power is incurred
under the definition provided by equation (37). Regardless of the value of , a
bandwidth loss is still incurred as seen from equation (38).

20 For the APSB scheme, in accordance with the present invention, as described,
the SNR is defined in a similar way as in equation (36), however with the APSB
scheme

SNR,,; =10log,,(c2/62)dB
SPR
=10log,y| —— |dB 39
810( SPR—l) (39)
25

In contrast to the prior art PSAM scheme, the APSB scheme SNR,, is always
greater than 0 dB since €)0. On the other hand, although the prior art PSAM scheme
suffers from bandwidth loss, the APSB scheme advantageously has W, = 0.

Both the prior art PSAM and the APSB schemes require sufficient OFDM
30  symbols to be received before an optimum channel estimate can be obtained.
Depending on the selection of the indices of the sampled signal, S,™”, different
processing delays would be incurred in order for an opt{mum estimate to be made.



62 = a2 2 Then the channel estimator is 20 hF2(n,1)=WO0 2(n,I) hF2(n,I)
(34) Finally, the estimate dF2(n,l) is obtained by follow ng the steps as

in equatiwo2/06838) and (29). The subsequent iterations camcCiscGexv@nged from
the second iteration. However, the a®sunption dF2(n,l)=dF(n,l) made in
equat i on_(fkntirich-disrois VARRYFRleF s d@e@iéuavm%@mwﬁfﬁe ich ﬁﬁgtﬁi R fW' |

t herefore uIt in a ter esti

nore iterath ongleé’F%ceﬁsé‘FS Iaeig th ‘%‘th%ﬂh)élz daor therptiar aféBﬁéM §{-‘éﬂ§ﬂle
act ual ChathaeﬂlPSBE&m@ﬂﬁﬁthebPocbkb@nngdlﬁy’lsﬂfésaﬁ’W}SSh@TE for every One pllot

ff
C it e . TR AR 63 B marhe pBhone B S 29°,
SLSN whier econupor-syist¢rs patameteas wereskt ashie= 3R 1=80B =l7/h&,,pi11-00.5 By kWAL 80f t he
data for PIMNRaES It%s%éﬂ@&ﬁﬂﬁt tﬁgﬁrﬂg@%&% Tia thé?a bg, giPPapsko- noi se

rati o (SNR) of the PSAM sche
SNR=1010g198%2 coRsfellsipn ﬁsmbaggnseramyd figwy andNR pﬂqﬁmgnai was gisechdn Siditiarf, t he

553 tem w fmﬂtg* Relepre@ seshafatQhe ﬁﬂdbf@%rﬁl) 1§/\iiﬂ|t![1ﬁcc§|h!§|of tlge 2D laglrcé‘ssmé,ﬁh ng been
ti ona I ul re nsate tar SS

gl | Iocat ed 1S f"r?Bﬁq ‘bfg“fﬁ‘@ﬁggf%maf’fe I{to‘F Pimgﬂ? Pofiﬂlga nekdy and (36)
t hat SI\IRImSeszlologlo((72/ ad) dB =10loglo 12 + N -1) dB (37) 10 SLSN
Si t of, o] t reis a
Ceduct Lon i n "EENor DL INGT AR A by < DR ORT B Fose |

WL. 1= 1 xliocush gayanngumrqs cwerﬁdpmmplanowu@mqsﬁ qust Bor the etherdmilicdy, anr e

used, we nerfeedtbrdll imb¥pbihtion s RqéiRed tEQ%mﬁEMham MHEQOH@&@gIIaQatpﬁ
adj ust ed acfcgrgﬁp to equation (36) for proper conpariSon

As

15 With reference to FIG. 7, consider first, the bit error rate (BER) performance at a
maximum normalized Doppler spread, f,T;, of 0.005. Setting A, = A, = 15, the BER for

the APSB scheme using different E(SPR) for the first to the fifth iterations. A high SPR

means that low amount of power is used for pilot transmission while a small SPR means
that low amount of power is used for data. Both extreme cases imply that I;F(n,l) will
20 be badly estimated. Hence, for each iteration, there exist an optimum point whereby the
SPR will minimize the BER. It is observed that as the number of iterations increases,
the performance improves, but at a diminishing marginal amount.
For the prior art PSAM scheme, as we increase 1], the channel estimation

improves. However, since SNR,,, also increases, less power is allocated for the data for
25  agiven SNR. Thus, the improvement of the BER brought about by better channel

estimation would be offset at some point as 1) increases. Consequently, there is an

optimum 7] that minimizes the BER as well.

With both the prior art PSAM scheme and the APSB scheme, performance

improves when larger filter taps are used i.e. larger A, and A,. For the PSAM scheme,
30  the performance also improves for smaller Ay and A, when closer sampling intervals

are employed, while for the APSB scheme, more iterations (K) results in better

performance, although the marginal performance gain would decrease for both cases.

Hence, the system design is flexible since increased complexity of the PSAM scheme,

and the APSB scheme would improve performance. However, the APSB scheme, in
35  accordance with the present invention as described, advantageously does not suffer



wi th other schenmes. In the case when 77 =1, however, no additional power is
incurred under the definition provided by equation (37). Regardless of the
val ue of wWo,02a63sheandwi dth loss is still incurred as seen fPCarsGogyO@Ii9 ON

(38). 20 For the APSB schene, in accoldance with the present invention, as

descri bed, | ' i EREmh e hidR Wil Slvdys Seivalosedf ( 36) ,
however wbtaﬂa‘Pﬁéégg%‘é‘s‘mg%%g%mﬁ%&%’:’%110(cr’ P o olo SPR dB

(39) SPRband®idtlh contrast to the prior art PSAM schene, the APSB schene
SNR10, is always greater than 0 dB since 0.. M tgéz ot(Fﬁr 13tg?%nd, al t hough
the prior art ﬁBBW@é‘HBﬁBERsléWl@F‘éCIXW?H‘?%%ﬁgfvﬁqffﬂoq & anq NP8 schene
advant ageousl.y. h .S = 0. ;Roth the, priqr . t P schenes
require SlfPPf’%{tF’éﬁ?’r &Wﬂ% Osfa“f%(ﬂ @T%%%Rpé%{ecl}c\l}eg Ee?%?ees (gﬁ)d(?gt ?rmm

channels espidyat Gp&RlmbAlREaEAES are 2DEPOUizNEAaY) = 48 tise ndaimienBER. t he
i ndi ces of "'the sanpled signal, SP(" ), different processing delays would

ggT ; e ggoilg Wliltgl%va?fe%e R/FIOB] | tﬂ&a{t%@sm ifg‘“{me}i‘e mmio@ﬁaﬁmt -
en a non-causal . 2- ener | er u a

the 1 ndex RIPhf BER st SN OE et B7 swzgwgaas‘zﬁm&ss SRER0E AP hen

SNCAN- 1)/ 2,chhe (a8 oy APSB ReHenfe Y QIB0TRUSiR0E, = 0 45 aAPAB-SKRQTRT, £he

processi ng y IS the sane with 8N =1. The results of sinulations will
now be pr aseos. s observddRatsiivml M=+ Aps 151 plet 03¢ therfVR of theahthieaABMBt er s wer e

set as L = 32, D= B =7, ' , [T = O = ﬁNﬁe:ZOdB'
It was!®ss§ efshlagBt“WéseéRﬁ &‘S PRADhEhsms- ?{ﬁg’tb V%Ez”@éﬁE%R%’%%m%gﬁ si gnal
const el | at APSB fschientiehis supezios tvi the ewitshegriabeddhlindisekerps.| ot si gnal was used. In
addition, Sp(",') was selected such that the index.(n,1) Jis.in the center
of the 2-D i ndThecayessnt igyentiop, as daserbedepigvides P’r‘]a?cf?é Pb‘é%fe“%v}éﬁ“ﬁgé&?%’?errance. | t
i's possi bl @at ddesabi doRbEE bardehanhald iakuilbld fofluecia am&{ikNommunication
-1)/2orn-N-(AN+1) 12, and I 5(AL-1)/2orl-L-(AL+1)/2 in such a manner where a

cent er ed- i f¥t€Ffbol ation is carried out. For the other indices, an
of f - cem er ed iThisisuetamplished by addjug datd and pdetrdatreatéha trensohéenpeIor Wi vi ng some
degradati op sOf' t e MR miniliddA crh%r?erl,%ﬁ%sﬁlg a5 Wienef il td®&coliérthe . the
bit error ?%M“""(SE?EFS pértformance at a = . )

transmission characteristics of the communication channel using the pilot data. Then

through an iterative process of estimating the communication channel and estimating

the data, the communication channel can be estimated and the transmitted data

20 recovered.
The present invention provides a method and an apparatus for semi-blind
communication channel estimation, which overcomes, or at least reduces the

abovementioned problems of the prior art

It will be appreciated that although only one particular embodiment of the
25  invention has been described in detail, various modifications and improvements can be
made by a person skilled in the art without departing from the scope of the present

invention.

We claim:



maxi mum nor mal i zed Doppl er spread, fDTS, of 0.005. Setting AN = AL = 15,
the BER for the APSB schene using different E(SPR) for the first to the
fifth iteweatzoasss A high SPR neans that | ow amount of powen/Sco2/omee f or
pilot transm ssion while a small SPR Zeans that |ow amount of power is
used for data. Both extrene cases inply that hF(n,l1) will 20 be badly
estimated. Hence, for each iteration, there exist an optinmum poi nt whereby
the SPRwW Il mnimze the BER It iscphggrved that as the nunmber of
iterations increases, the performance 1 nproves, but at a di m nishing
mar gi nal anmount. For the prior art PSAM schene, as we increase 'n, the
channel estimation_ .inproves. However, since SNR1O,  ,al so increases, |ess
pover is allt ocdt BHaTATHE CRIPmRication SySiEyeAOMNRISIPRLS, the i nprovenent
of the BER broyghtnahkatker R¥rlstikgle: channel estimation would be offset at
sonme point as T increases. Consequently, there is an optinum 11 that

m ni m z8s the BER adatelinputifoh rbotimirtghenpunknownt d2SAddgscthdoe and t he APSB
schene, performance inproves when |larger filter taps are used i.e. |arger
AN and AL. UPESFSTRRSI®YEAM schene, 30 the performance al so i nproves for
smal l er AN and AL whgi, : | } I : , While for
t he APSB schene, nore i‘ﬁé(r%g%égﬁ?ﬁ}(%éw?ggégf]?{sg/?rﬁboﬁgﬁggl %Fﬁpr‘rance,

al t hough t he margi aaigpalr powsnmnatogaputdon recaeicrgea yowWear radiod bigrades.

Hence, the.systemdesign is flexible since increased conplexity of the PSAM
schene,  alFCRENEASEALIF SORRIPIRE SR SRR Hatartenal BRI, t he APSB

scheneyq i nkﬁg“%pggggg%palv%?\la the present invention as described,
advant ageousl y does not suffer WD 02/ 063844 PCT/ SG02/ 00019 20 bandwi dth
| 0ss in contrast ta ddte de@abirmrhempletitoithel dataainmyts thedusownskataf

bandwi dth..ln general the BER is relatively ropust to the selectjon of C
and 71, anti*Fétag n@\es?lg POV ST ’\?:B‘{Pe\s(hﬁ AR C@@bﬁgr,fsémocn@ng&}g and

di fferent DRRL &Y ) NAMR,V, :sel : Eo =
0.43 and T@%ﬁv&t m hf’iﬁgg%l éBiI%EI%%\(%VI% r{elf er en&?:1 Htg{lilrliledé:i88 ﬂ%ﬁé%ﬁﬁﬁg t hat

t he SNR i sthe@awertiagiogsigplal $bpasdace @ cvmposBER wtp ENRghal cohmpnisingr art
swi t ched based FI i ng%scherfe 801, .and PSAM 802 .schepe, and the APSB schene
803 antf so41SqEtedake, sienplgswhgreipneach disgrets datsreignal £ogpBrises ats

obser ved t fialst W88 dbh of the TurliBhoWhUa@0dgnkig i B 10
schene is | dB w&ﬁ)rrse t han ?he PS?AM sc%erregnHowrel\é/}el\l% fé{aﬁ%%‘%&g}er?%@ﬁrgnce of
the APSB kobemedata sigirelicombimeachin secdrclzecebaibdttid powes chtioesigihl

present in Iie Ella%arll ’co%1sbi(rj1ee§' (Ha{v?gg an’ 58%’1'319’9 gdggteaddgoegrgxlrild%tthseecn(])rhglolsptg scheme

output signal to a multi-carrier transmitter, wherein the multi-carrier

20 transmitter transmits a transmit signal on a communication channel,

wherein the transmit signal includes the composite output signal; and
a receiver comprising:
a multi-carrier receiver for receiving a receive signal

corresponding to the transmit signal on the communication channel,

25 and the multi-carrier receiver having an output for providing a
corresponding composite signal, wherein the corresponding composite
signal comprises corresponding discrete data signals, and the
corresponding composite signal being shaped by at least one signal
shaping characteristic of the communication channel;

30 a channel estimator having a known data input for receiving
the known data signal, an input coupled to receive the corresponding

composite signal, an input coupled to receive the power ratio signal,



t hat does not consunme bandw dth, and is suitable for use in a nobile
comuni cation system 15 This is acconplished by adding data and pil ot
data at tweoknessgsritter prior to transm ssion on a conmumCTsGoznoehannel ,
and using a 2-D Wener filter to recoXer the transm ssion characteristics
of the communication channel using the pilot data. Then through an
Iterative process of estimating the communi cati on channel and estimating

he data, It9BL i@l | Lt ed
20 o caRL AATHICIBE 00 ClAN AP led @bl GBI LR nB RS GIRL 120

data 20 recover ed. present Tnvention provides a ne
for sem - bisigmil, ¢hemohzirosd] iestimatoriier essimatihgahe atlieabt oversigngs, or at

| east reduces the .abovenentioped problens of the prior. art It wll be
appr eci at e(f?’laﬁé?g SARBGHIISH 9P§%CBQWPW3§F°%H§@@FW§§TOIB@Q lsasbthe

i nvention ggﬁ@?, | ! i r'%{sﬂﬁqﬁ' ' '

[ rrproverren{&gﬁéa béﬁﬁ%;éé"é‘qggaggﬁ s%hk%ilgﬁllée Int %Iftg?x?to\&;\ng{lgﬁbq”d%parti ng
fromthe scape signahef at Easnisomave e corredpoaldan gidisdede daf334gnals,

PCT/ S@02/ 00019 21 d.ains % A multi-carrier comunication system
conpri si ngtP€ PAYEMEHIQ Signal i tRe AY leastonmestimaigiolithe wakapwmg an

v o G2 AL, (1d chd BAARTRPLSAmAAol B € Aol AU i hrdifafla)| N9, 2

known data sign power ratio In rec ng ‘a powerg ratio
signal i nditdeastngne estimatetiocrornondmicanignt dleannéhcharatfiziigsignagnd the 10
known dat a siﬁnal; and a data conbi ner coupled to the data input, the known
data inpu d the signal power ratio input, the data conbiner for

conbi nhpg the unk 3 | | | or dance
wth 1he poer ratro l Bar I el A B oI Lol
conpri si ng sighalj skhe drowiatdatsisigeals thelpeves mragie Bighied ciret ehelatt desdtgnal
conprises at least a portion.of the unknown data signal and at |east a
portion of OPRESHRAIRA GamMmEnication shist W@g Charaetesizima &gnph khehe power

ratio sign@hualizer for configuring at least one of its signal shaping
characteristics to compensate for the at least one signal shaping
15 characteristic of the communication channel, the configured equalizer
for shaping the corresponding composite signal accordingly, and the
equalizer having an output for providing at least one subsequent

estimate of the unknown data signal.

20 2. A multi-carrier communication system in accordance with claim 1
wherein the data combiner further comprises:

a data conditioner coupled to receive the unknown data signal and
the power ratio signal, the data conditioner for changing the power level
of the unknown data signal substantially in accordance with the power

25 ratio signal, and the data conditioner being adapted to provide a
conditioned unknown data signal;

a pilot conditioner coupled to receive the known data signal and
the power ratio signal, the pilot conditioner for changing the power level
of the known data signal substantially in accordance with the power

30 ratio signal, and the pilot conditioner being adapted to provide a

conditioned known data signal; and



t he data conbi ner having an out put adapted to provide the conmposite output
signal to a nulti-carrier transmtter, wherein the nulti-carrier 20
transmttwo dpessam ts a transmt signal on a comruni cati orrCarswIReH019
wherein the transmt signal includes 23he conposite output signal; and a
receiver conprising: a nulti-carrier receiver for receiving a receive
signal corresponding to the transmt signal on the comruni cati on channel,

25 and the mul tir Sadér E6UPREETY PECVWY tRE cORIMGIA Uri¥ndWRHAhdoRal
correspondi ng conposite signal, wherein the correspondi ng conposite signal

conprises @&d tepenaditipnrd knevm data sigrdafar, combining thecorditinmdichg
it | i h d t | t I |. i
char aot er | PR RS SRAEF Fod il corfBRnafa s8o PcrgnAL d Pheadiernayi ng

a known datauiplédito fpRbvidRCRied/Higrete@atengiphatiit a signal, an input coupled
to receive the corresponding conposite signal, an input coupled to receive

the power ratio signal, WO 02/063844 PCT/ SG2/00019 22 and an input for

receiving at |eqast .one estimate of.the unknown. data i gnal ...t he.channel
estimator Por CotTHRrTHI T HE T Bicetion &V Seghi 2Enudines Bith Sl fotic of
t he comunifgathe?rtorhpfisiig hraBhidryl eastoting th%%ﬂ@&ﬁ%@@a“&ifgﬁaﬁpéﬁd “Be
signal, the at least the portion of the known 5 data ilpgna of* at | east

some of thangqmoryesngicaypled to previdet thesknawnsdata signadwe theatiansdlgnal

and the at I]_easttoone(ﬁ timate,.of the unknown data signal, and the channel
estimator RAVIAGCAFTY flb%teq 8125 -ovi ding at |east one estinated

communigati on channel characterizing signal; and 10 an equalizer coupled
to receive the corresponding conposite signal, the known data signal, the
power rati &-si gnatuliinepnrier eammagicatiomesysieimmn edcontancs wath okninhannel

h i Zi i gnal .. th | for . i qur | | fi
conal - shatrhhet Bbrisinl e FERG:S Sor P8R bt FEetie TR, 258 gna
shapi ng 15 nezmbgtb%ﬁxhg cotpid tdprevEUiNecbwer rafiaNighal t'en€eAbhael ed

equal i zer for api ng the correspondi ng conposite signal accordingly, and
the equal esEmMateyi e gqupliger.or provi ding at | east one subsequent

15
5. A multi-carrier communication system in accordance with claim 1
wherein the multi-carrier transmitter comprises a serial to parallel
converter having an input coupled to the output of the data combiner,
and having a plurality of outputs for providing a plurality of sub-

20 composite signals.

6. A multi-carrier communication system in accordance with claim 5
wherein the multi-carrier transmitter further comprises a multi-channel
modulator having a plurality of inputs coupled to the plurality of

25 outputs of the serial to parallel converter, the multi-channel modulator
for modulating each of the plurality of sub-composite signals on at least
one of the plurality of sub-carrier signals, and the multi-channel
modulator having a plurality of outputs for providing the plurality of
modulated sub-carrier signals.

30



estimate of the unknown data signal. 20 2. A nulti-carrier comunication
systemin accordance with claiml1l wherein the data conbi ner further

conpri seswoaameisa4 condi ti oner coupled to receive the unkneoem/sdar/eonsy gnal
and the power ratio signal, the data4conditioner for changing the power

| evel of the unknown data signal substantially in accordance with the
power 25 ratio signal, and the data conditioner being adapted to provide a

condi ti oned. unianmmitidedsricd @hamunidaitiont spsteeh ih aeesrdMed a4tH eldigrcei ve the
known data signal and the power ratio signal, the pilot conditioner for

changi ng t Reh¢ieHe the apulti-channgd meadwrtaacamprses aBubyesss figaretes n

accordanceF\& . ek tio signal, and the pilot conditioner being
adapted to pro%lé%gg@?conéﬁ{}?ggeéd known data signal; and WO 02/ 063844

PCT/ S&02/ 00019 23 an adder coupled to receive the conditioned unknown data
signal and the conditioned known data signal, for conbining the.
condi ti @ned®. uAkPBHA-GRITEISCYRAURIPAtIoReSYUET i1 asedrdawhwithyakim @nd t he

oo ooy POt BE ML LRSS G RS fes L b
merory for sstial icb@veiter konng dapluraligyaf inpits theplederdthe bRiRGitg@IP! ed to

provi de the known data signal to the channel estimator and the equali zer.
10 4. A nulouitpess of the spwlieheanied meqduladar. anddeayingecdatd entpntafon 1

further co I, Si: a for oring the power ratio signal, and the
menory bei ?g&{é@ﬁ% &4° ogig(?%tva} %gn,?a%.e power ratio signal to the channel

estimager and the equalizer. 15 5. A nmulti-carrier conmunication systemin
accordance with claim1l wherein the nulti-carrier transmtter conprises a
serial to Paral Blulticearrian eempznicgtion sysem svagrewlance withoglaimx 8of t he

data combi Qi fRfl Mkl ALttt YAkl nPHHRN L Snl s B 8 iRGhraeR! ural iy

of sub
adder having an input for receiving the serial data signal, the cyclic

prefix adder for adding at least one predetermined data prefix to the
15 serial data signal to produce the transmit signal, and having an output

for providing the transmit signal on the communication channel.

10. A multi-carrier communication system in accordance with claim 1
wherein the multi-carrier receiver comprises a cyclic prefix remover

20 having an input coupled to receive the receive signal on the
communication channel, the cyclic prefix remover for removing the at
least one predetermined data prefix from the receive signal, and the
cyclic prefix remover having an output for providing a corresponding
serial data signal.

25
11. A multi-carrier communication system in accordance with claim 10
wherein the multi-carrier receiver further comprises a serial to parallel
converter having an input for receiving the corresponding serial data
signal, and having an output for providing a plurality of modulated sub-

30 carrier signals.



20 conposite signals. 6. A nulti-carrier comunication systemin accordance
wth claim5 wherein the nmulti-carrier transmtter further conprises a

mul ti - chawoek/oe3sedul at or having a plurality of inputs coupcasGoihe
plurality of 25 outputs of the serial2sto parallel converter, the

mul ti-channel nodul ator for nodul ati ng each of the plurality of
sub-conposite signals on at least one of the plurality of sub-carrier
signals, and.t afhién ts for
ot ovi di ng Che oy E b e TR R by Y R BLde d WP B T 63644
PCT/ SQ02/ 00diierein4hg mpltidarrier aeceiwer fortinenicoatprines asrneﬂtlmheamdr dance

i sorete | EmUHHPE Re i rABtiERLD BT PR (ECEH TR P GORFAIPLRL i on
systemin Qﬁé&ﬁ!&%@ée’sﬂb Earﬁlsﬁ'sigrﬁals%ﬁi BhPidd'g [l:i'ﬂ:l}:%] o 6u€§1fttsrt%ﬁs mtter

further conprises a parallel serial conver aving a plurality of

i nput's 5oumr@&lldlngtangltplah’caqutSJahafzorrmﬂSptﬁSIgn’alst he mul ti-channel nodul at or,
and having a data output for providing a serial data signal. 10 9. A

mul ti-carrier comruni cati on systemin accordance with claim38 wherei n the

mul ti-carriley, W aANs-tdfier 6hb@nkAHYH §FStetn ?d‘é'cbﬁrd?éﬁéé Wit efRe ?} ving
an input for receiving the serial data signal, the cyclic prefix adder for

addi ng at Mdaereinibepnutidtchanned danodulatot nnmprlséteaxﬁssmteﬂouiaha si gnal
to produce the ftransmélt signal, and having an output for providing the
transmt 5| "11:18rmun| cation channel. 10. A nulti-carrier
communijgation systemin accordance with claim1l wherein the nulti-carrier
receiver conprises a cyclic prefix renover 20 having an input coupled to
receive thd#4. eaﬁemkeltistajrréﬁ:r mmm@nimmwmm Om achardwehce with cladin ¢3prefi x

remover for_.renpv | east .one.predeterm ned data fix fromthe

recei ve si gHAFC nérligg ﬁl CETIEE THPEVEY f&%ﬁﬁ&@?%?%aﬁ &E]Fg

provi di ng %oﬁ@éf&?ﬂ%ﬁi’h@% pREAIIRY of#hpuld Bi8leceiving the plurality of sub-
composite signals, and having an output for providing the

15 corresponding composite signal.

15. A multi-carrier communication system in accordance with claim 1
wherein at least part of the channel estimator and at least part of the

equaliser comprise a 2-D Weiner filter.

20
16. A multi-carrier transmitting system comprising:
a data input for receiving an unknown data signal for
transmission,;
a known data input for receiving a known data signal;
25 a signal power ratio input for receiving a power ratio signal

indicating a ratio for combining the unknown data signal and the
known data signal; and
a data combiner coupled to the data input, the known data input
and the signal power ratio input, the data combiner for combining the
30 unknown data signal and the known data signal in accordance with the
power ratio signal to produce a composite output signal comprising

discrete data signals, wherein each discrete data signal comprises at



25 11. A nmulti-carrier comrunication systemin accordance with claim 10
wherein the nulti-carrier receiver further conprises a serial to parallel
conver t erwbariosgg4an i nput for receiving the correspondi ngpsarsicak/oeas a
signal, and having an output for provieding a plurality of nodul ated sub- 30
carrier signals. WO 02/063844 PCT/ S&2/00019 25 12. A multi-carrier

communi cation systemin accordance with claim1ll wherein the nulti-carrier

receiver fueddtes potiphi sfetheauikhbivitHanSignadeiRit MLt Hp¥itien dfpheral ity
of inputs for receiving the plurality of nodul ated sub-carrier signals and

havi ng a piknawndatarsighabeembingd sn gceordames with thelpowerofatiousigoatposi t e

signals. 1 lti - ' . ' Lon . system.in accgrdance wi.th claim
12" aher ei Ao I RaviB G ARk AdaBte T auOuRr Gis BRE RS o
transf or m meapue sidfallth a Andltilchresr tAisARERIEStdiAheWBi M ddirRECOr dance
with claim13 wherein the nulti-carrier receiver further conprises a

paral | eP tdragsmijter sansnitere ransmgit signal em i gomimunisatiorn chanaeki vi ng
the S5 Lo e B ARRIP el SR AU BB B T PR Do o

the 15 corresponding Conposi ni cation
systemin accordance with claim1l wherein at |east part of the channel
estimator and at |east part of the equaliser conprise a 2-D Weiner filter.

20 16. A mi%ti Acaryltiepamriemyansmitgng pystemdonedasidagee avidhtdaimplé f or
Fecei ving ShetEiR e ERaR PR R tne FARBRIEE: Tt fo T put Tor T ecel vi ng
a povenoratio si @l condidictridiipled abirecéRe tteNBhRhBY ARS8 it a
signal and the known data signal; and a data conbiner coupled to the data
i nput, t he tRERGWeraratie gignal, the data conditioner for changing the power level
of the unknown data signal substantially in accordance with the power
ratio signal, and the data conditioner being adapted to provide a
conditioned unknown data signal;
15 a pilot conditioner coupled to receive the known data signal and
the power ratio signal, the pilot conditioner for changing the power level
of the known data signal substantially in accordance with the power
ratio signal, and the pilot conditioner being adapted to provide a
conditioned known data signal; and
20 an adder coupled to receive the conditioned unknown data signal
and the conditioned known data signal, for combining the conditioned
unknown data signal and the conditioned known signal, and the adder

coupled to provide the each discrete data signals.

25 18. A multi-carrier transmitting system in accordance with claim 16
wherein the data combiner comprises a frequency domain data
combiner for adding the varying data signal and the known data signal

in the frequency domain.

30



and the signal power ratio input, the data conbiner for conbining the 30
unknown data signal and the known data signal in accordance with the power
rati o si gwalo2te3sps oduce a conposite output signal conprisipag/scizsanet e data
signals, wherein each discrete data stignal conprises at WO 02/ 063844

PCT/ S&02/ 00019 26 |east a portion of the unknown data signal and at |east
a portion of the known data signal conbined in accordance with the power

rati o si gnal, 1 : i \J 0 ed.Lo provigde the
conposi t o Lot et earieE el Ve S B il BLLoREARER HECRIRY Y S
mul ti - car r wdiergin thadridueatcyt demmsin tdata domabitertisHdpisledao Provadenam cat i on
channel , wherei n.thel ransmt signal includes the corr}t/%osi te out put signal.
17. A mul t PHEBHE Signg r%’r\’ssm' XA <9I Prinddcor davée S h cl ai m 16
whereinzt he data conbi ner further conprises; 10 a data conditioner coupled
to recelve the unknown data signal and the power ratio signal, the data
condi t i one20f oA whdtigtawgidriterapensttihg sgbtemfintderondknovmwithtolaish !
substantially in accordance with the powe ratio signal, and_ the data
condi ti oner“”hf‘é?ﬁb%aﬁé’ﬂ? CABTISF H%Fén&t%ﬁ%ﬁtb%ﬁe@m%mewdé%i gnal ; 15

a pil ot CO@%&{@% \%M ﬁgviltr% mﬁbp% cbgﬁlé@fe&'@hgg%ﬁggf&%g pggcgga the power

rati o sign e ﬁ? ot cond oner-tor angi ng of the
known dat aceigriakr sahdttetingld phiralisy ofodapaes ¥ort prévidimouaslurahty of si gnal ,
and the pilof conditioner being adapted to provide a conditioned known
dat a st@nafubarmPesHs 18a!S- coupl ed to receive the conditioned unknown
data signal and the conditioned known data signal, for conbining the
conditioned unknown data signal and the conditioned known signal, and the
adder couflled At myitiecardiert traneadtting sysete idadarosdgnat switR Tldisn 20

mul ti-carrier transm tti ng systemin accordance with claim 16, wherein the
data conbi NEIETEBHDRE RYltirCAFEGT EranSTaYAen Hirdheh commmbeerenr mutti-ghannglt he

Ve Yo Sai AL AP HEp RN SR lp it SBANRYEY SO 0

15 outputs of the serial to parallel converter, the multi-channel modulator
for modulating each of the plurality of sub-composite signals on at least
one of the plurality of sub-carrier signals, and the multi-channel
modulator having a plurality of outputs for providing the plurality of
modulated sub-carrier signals.

20
22. A multi-carrier transmitting system in accordance with claim 21,
wherein the multi-channel modulator comprises an inverse discrete

Fourier transform module.

25 23. A multi-carrier transmitting system in accordance with claim 21
wherein the multi-carrier transmitter further comprises a parallel to
serial converter having a plurality of inputs coupled to the plurality of
outputs of the multi-channel modulator, and having a data output for
providing a serial data signal.

30
24. A multi-carrier transmitting system in accordance with claim 23
wherein the multi-carrier transmitter further comprises a cyclic prefix

adder having an input for receiving the serial data signal, the cyclic



27 19. A nulti-carrier transmtting systemin accordance with claim 18
wherein the frequency donmain data conbiner is adapted to provide an out put
si gnal thwe.02x0658a4 | ) =dF(n, 1) +pF(n, 1), V(n,1)ES 5 20. A nulpCir/SGaemicay
transmtting systemin accordance wit18 claim 16, wherein the nmulti-carrier
transmtter further conprises a serial to parallel converter having an

i nput coupled to the output of the data conbiner, and having a plurality

of out put s drefixRididrdop dddliRg WtakhsyoRE p réaeﬁelfﬁua@am)éea ré gptge 21 A
multi-carrier transmtting systemin accordance wth claim?20 erel n the

mul ti - car r iserial dang rsignak tof pradece &mprarmaltaslgnat |amhhlana’ug anpolatEitor
havi ng a pl.uralidt. uts coupled.to urallt 50uiputs of the

serial to 69;11? Bft% l%ﬁbggf%rr‘smf% ghal P a‘ﬁ ’eﬂ‘bF apgelnodul ati ng

each of the plurality of sub-conposite signals on at | east one of the
plurality of sub-carrier signals, and the nulti-channel nodulator having a
pluralisy @bS. ouﬁtpmlgl ¢@Irr1€prmne¢mng WHistepl eoraprisyngf  nodul ated sub-carrier

signals. 20 22, i -carrier t:{ansm t“nég gstem I.n accordance with
claim?21, mhe?e’f“r"r‘ h%ar LTECEERART TRTdVINg R ICEONRIERRl aR & nver se
discrete koHmemita@68 MHaAMAWHere 2R tR3. reeemél élgnaﬁfﬂaa'aek ransm tting
systemin accordance wth clai m 21 wherein the ntlti-carrier transmtter

further coepmpasitesigaad) anfl the madtitcdrriconeeciver Heanmg graoptputafdrt y of
uts of the mujti nnel nodul at or,

and havi ng Protcie SHE SRrtpgtite Siehal MRSTEIS 85t SPTipARIte pighal CosDacs A
R D e e i e i g S
an input fetleaster mongonmaf ave tinknaiun alagagighal ahd artﬂehsta\/}stbrﬂ)@/xﬁ6f3844
PCT) 5002/ 0001 n A48 721 ESHBInd Pin A0ELAthRe WESh SBRaPpoder ShffNed data
prefix to
81gnal, the composite signal being shaped by at least one signal shaping
characteristic of the communication channel,;

15 a channel estimator having a known data input for receiving the
known data signal, an input coupled to receive the composite signal, an
input coupled to receive the power ratio signal, and an input for
receiving at least one estimate of the unknown data signal, the channel
estimator for estimating the at least one signal shaping characteristic of

20 the communication channel from at least the composite signal, the at
least the portion of the known data signal of at least some of the
discrete data signals, the power ratio signal and the at least one
estimate of the unknown data signal, and the channel estimator having
an output for providing at least one estimated communication channel

25 characterizing signal; and

an equalizer coupled to receive the composite signal, the known
data signal, the power ratio signal and the at least one estimated
communication channel characterizing signal, the equalizer for
configuring at least one of its signal shaping characteristics to

30 compensate for the at least one signal shaping characteristic of the

communication channel, the configured equalizer for shaping the



serial data signal to produce the transmt signal, and having an out put

for providing the transmt signal on the communication channel. 5 25. A

mul t i - carwioar/obmaei vi ng system conprising: a mnulti-carri eroresceroens f or
receiving a receive signal on a commsication channel, where in the
receive signal includes a conposite signal, and the nulti-carrier receiver
havi ng an output for providing the conposite signal, wherein the conposite
signal co fr&%%' ; hSe S48 } 3 & C i te data
si gnal co%?i ses lééa)ltsgr%g?t%grdgg&trgﬁ’on o?hgr?q%%r%pv\% a?gt %gii gﬁ%‘%‘g{‘n’g at | east
a portion providikgaticastt ansistihsequonbientithate cfatdherdaknewn thta sigrial
power ratio signal, the conposite signal being shaped by at | east one
signal shaping characteristic of the comuni cation channel; 15 a channel
estimator bavi AgmAlkDEWR atRelviRg lsysRm iBCLlrAgntB8vith QI @88 @ Si gnal ,
an input coupled to receive the conposite signal, an 1nput coupled to

r ecei ves t héupthwecomprising gmaemaydonistompgithe dtnownakdtal signat, drehishe one

estimate of the unknown data, signal., the channe estimator. for estimating
The at | eaBRSDRE GegrEPoURIGH Fy PERre e FASVE CateoBianaL tochmanERtSslon
channel fregtiglatoPasid ik ecgOanest.te signal, the at least the portion of
the known data signal of at |east sonme of the discrete data signals, the

power ratio signal and the at |east one estimte of the unknown data
signal, and-the channel estimator havjng.an output for. prqvidi at | east
one st i medd BomHIHT TSR AREISy Se8t A SorBRnee BRI 22nd. an
equal i Zer GBS EInpFiShf ¥ ERRr{IBPIBdhiRg The FHwert PRik @%ﬂrgal, daad gnal
the power ratio signal and the at”|east one estimated co ni cation
channel chmerooey ibeing celipied fo phevidguhlei pewer vatio cogrialgur thychanhehst one

of its signal. shapin haracteristics to 30 conpensate for the at |east one
si gnal shaﬁ?ﬁﬁl%ﬂglﬁi& @?er SHPA"8%t he communication channel, the confi gured

equal i zer for shaping the WO 02/ 063844 PCT/ SG2/ 00019 29 conposite signal
accordingly, and the equalizer having an output for providing at |east one
subsequent 28st Ammdtiedanries neckiving syateam dngaaordaf6e witndlaim o ri er
recei v'wg ‘s)%lst emin accor dance with claim25 .
eréin the multi-carri€r receiver comprises a cyclic prefix remover

having an input coupled to receive the receive signal on the

communication channel, the cyclic prefix remover for removing at least

one predetermined data prefix from the receive signal, and the cyclic

prefix remover having an output for providing a corresponding serial

20 data signal.

29. A multi-carrier receiving system in accordance with claim 28
wherein the multi-carrier receiver further comprises a serial to parallel
converter having an input for receiving the corresponding serial data

25 signal, and having an output for providing a plurality of modulated sub-

carrier signals.

30. A multi-carrier receiving system in accordance with claim 29

wherein the multi-carrier receiver further comprises a multi-channel
30 demodulator having a plurality of inputs for receiving the plurality of

modulated sub-carrier signals and having a plurality of outputs for

providing a plurality of sub-composite signals.



5 further conprising a nenory for storing the known data signal, and the
menory bei ng coupled to provide the known data signal to the channel

est i mat orwerud/ot3se4 equal i zer. 27. A nulti-carrier receiVvi N@CTEHDLN00IN
accordance with claim25 10 further c¥®nprising a nmenory for storing the
power ratio signal, and the nenory being coupled to provide the power
ratio signal to the channel estinmator and the equalizer. 28. A

mul ti-carrier receiving systemin accordance with claim25 15 wherein the
mul ti-carrier receiver conprises a cyclic prefix renover having an input
coupl ed t o Jlecdi maulthearneriaceivngrsistom irhaccavianee withi dairoh3®nel , t he

cyclic prefix re er_for. renovi.ng at ,l egst one.predet.erm,.n data prefix
fromthe ré?%}é‘?r\?énngﬁﬁﬁg ?U'aﬁ]i’&rt‘h"é C@VEP?BE’I BF &Pfrkpl?lgﬁ)@ 1Sﬁ€ﬁ?F%§“§ﬁe%ut put
for provi ditpeh SfofRf AEAoRdi ng serial 20 data signal. 29. A nulti-carrier

receiving systemin accordance with claim28 wherein the nulti-carrier
received further conprises a serial to parallel converter having an input

for receivi t.he correspondi ng .serial data 25 sjgnal,.and having an out put
for provi dity & POFLPRIE IR DR B acc g st s et *a
mul ti -carr kefereds thé'rﬁﬂllﬁéb%!ﬁ?i%k'r@cé‘i@_@f’mﬁ%‘? c}@rﬁﬁrigé@w@%%uewgs%%ﬂ he

mul ti-carrier receiver further conprises a nmulti-channe 30 denvodul at or
havi ng a plconakrtey hefvingpupbaradity of depuis fprt teeeptingahiet pluotlitp dfisabed

sub-carrier_signals and, havi a.plurali of outputs fgr providing a
lurali ty GPRMMES G be e iBE AR Ph i uEisar fisined 0bo1o 30 3L, A
mul ti - garric8frdspMdMhBEompbsite siprpgcordance with claim30 wherein the

mul ti - channel dénodul ator conprises a discrete Fourier transformnodule. 5

32. A nmulti-carrier receiving systemin accordance with claim30 wherein
(e It oA ek LgeeLYer, INELhG, SomR seR s Al Sl geReal
conposi te KKIRILS ataBAshBNHE 3 SARNEl QImBEEN hAUNG B8t part of the
equaliser comprise a 2-D Weiner filter.
15
34. A method for determining received data in a multi-carrier
communication system, wherein a received signal includes a composite
signal received on a communication channel having transmission
characteristics, wherein the composite signal comprises a plurality of
20 discrete data signals spaced in time and frequency, and wherein each
discrete data signal comprises a data portion and a pilot portion,
wherein the data portion comprises one of a predetermined group of
symbols, the method comprising the steps of:
a) defining a set of the plurality of discrete data signals;
25 b) setting a predetermined number of iterations;
¢) receiving the composite signal on the communication channel;
d) selecting one of the plurality of discrete data signals to be estimated;
e) selecting a group of the plurality of discrete data signals, wherein
each discrete data signal of the group of the plurality of discrete data
30 signals is relevant to determining the one of the plurality of data

signals;



10 correspondi ng conposite signal. 33. Anmulti-carrier receiving systemin
accordance with claim?25 wherein at |east part of the channel estinmator
and at | ewetozfpessti4 of the equaliser conprise a 2-D Wi ner PCiTiSGOR/00015 34. A
met hod for determ ning received data 3In a nulti-carrier conmunication
system wherein a received signal includes a conposite signal received on
a communi cati on channel having transm ssion characteristics, wherein the
conposi te 4 gnetmadishig sles geowp WiahetpluehliBPoflifsereteedaad gighi-d8 alsingpaced
intime and frequency, and wherein each discrete data signal conprises a
data porti @t lgast thepilet pestensd thegre ef the pburnlity qfctiscrstectater i ses one
of a predetsgglq;lged group of synbols, the nethod conprising the steps of:
a) defining set of the plurality of discrete data signals; 25 b) setting

a predet er ig) nestimatirey tlod tidrasmissivs chayacteeritidsnsf thikecsramperidagior gnal on
t he cormunicilati on channel; d) selecting one of the plurality of discrete
dat a si gnalchangaldisingthginermalised gredp ofghe pivsakitoe! diseretedata ty of

di screte dat i . in each discrete data signal of the group of
t he pl ural %}%1%1}59&?%%% é%’?[a 30 signals is relevant to determning the

one of the )l estiatingtheldaea pogtiahssf the &% 66884 HIRETIPFIA Q08 da3h )

normal i sing . the group of the pluraljity of discrete data signals using at
| east the FigRAlsgasinRdhegompaipication ehanpelhayingths trginsenissioniat a

comunt cat 4 ECEHUIR G R RUGRSLBE sty o i o

di screte danz ofstignphwrality of elisdrk}e dana signas! i mating the data portion of
the one of the plurality of discrete data signals using the conmunication
channel having the transm ssion characteristics estimated in step(g) and

at least t Pial t:1.0 h || .0f discrete data
signals. 35. 'AAng‘{%ggailﬁ %l:ccg%gégﬁg 338 \F\Aﬁ{lﬁalc §4mﬁ§§hfu’ 1l:Jr%f) hﬁ“%&%‘ﬁ%ﬂ?& t he
step of:
i) deciding which symbol of the predetermined group of symbols is
15 received from the estimated data portion of the one of the plurality of

discrete data signals in step (h).

36. A method in accordance with claim 35 further comprising the step
of:
20 j) determining whether the data portion of all of the group of the

plurality of discrete data signals have been determined.

37. A method in accordance with claim 36 further comprising the step
of:

25 k) when the determination in step (j) is not true, selecting another of
the plurality of discrete data signals to be determined and repeating

steps (e) to (j).

38. A method in accordance with claim 37 further comprising the
30 step of:

1) repeating step (k) until the decision in step (j) is true.



of : i) deciding which synbol of the predeterm ned group of synbols is 15
received fromthe estimted data portion of the one of the plurality of

di scret e watm/sisgnal s in step (h). 36. A nethod in accordaecasaspévigl ai m 35
further conprising the step of: 20 j32 determ ning whether the data portion
of all of the group of the plurality of discrete data signals have been
determ ned. 37. A nethod in accordance with claim 36 further conprising the
step of: 29 K)A whethodhier dedrdainRatwiRR dlAin !N Bkthér SO priife 8L | NI
another of _the plurality of discrete data signals to be det egm ned and
repeating itarapon ef stepsiy) ta§), thenstepoef: i n accordance with clai m 37

further co i si 3Q.. st f: 1) re tin te K) until the

deci si on i rr%:HLteﬁ‘{%?éiq‘gleters _af% g%ébgégﬂgf %*PS%)%F@EQMP?XI%*@S. A met hod
in accordaaee&awohhirpéaafﬂgﬁo efsﬁ&ﬁmrtrfeOﬁaﬂsﬁhi@,gidwcﬁafatbtehfs%gtdf%eof st eps
(e) to (j), the step of: ) using the estimated data portion fromat |east
one prebi opommmurigation ¢hamnelp (g) to estimate the transmi ssion
characteristics of the 5 comrunication channel. 40. A method in accordance
with claim36 further conprising, when the data portion of all of the

group of t @, plaiaadthbl iof acticrahake with 2laivh BEherthay ohgsisHet Hemed, the
step of: 10 n) deternm ning whether the predeterm ned nunber of iterations

set in st ébedntarpemidreehal eifphetgroupaf the phinadidy ioff discreteldadca with clai m
40 further g ri.sin wh t he et erm ned nunber of iterations set in
step (b) hg\ﬁ;’én"%l&hab\éeghem}?%ém}ﬁc%ggetﬁgpﬁép of: 0) repeating steps (d)
to (n) 1ontid) t helepemaRiiagREthetHehredetetthidd hoRsbEAYLitReSHoH9¥RE et ed.

in step (b) have been completed.

41. A method in accordance with claim 40 further comprising, when

the predetermined number of iterations set in step (b) have not been
15 completed, the step of:

0) repeating steps (d) to (n) until the predetermined number of

iterations have been completed.



