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[ 0001] The present invention relates to noise

reduction in receivers of comunication systens. In

particular, the present invention relates to a

receiver having a signal reconstructing section for

noi se reduction, system and nmethod thereof.

REGEAVERH AVINGeA ISIGNAIORECONS TRUCEINGSECTION FOR
systens have to be highly spectral efficient to all ow

hi gNOISE REBRECTION, SNSTENh ANDaMETEFOD THEREOF
Mul ticarrier nodul ation realized by orthogonal
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nurhgeo®f users sinul taneously access a channel by
nmodul ating and spreading their information-bearing
signals with pre-assigned signature sequences.

Recently, the corggm§r%?({:9fweqw&tmsi gnal i ng

with CDVA to prov rcarrier schene has
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[0003] Code-division multiple access (CDMA) is a multiplexing technique where a
number of users simultaneously access a channel by modulating and spreading their
information-bearing signals with pre-assigned signature sequences. Recently, the
concept of combining OFDM signaling with CDMA to provide a multicarrier
CDMA scheme has attracted significant research interests. One major advantage of
the multicarrier CDMA scheme is that symbol rate can be lowered for each
subcarrier. In other words, longer symbol duration enables easier quasi-

synchronizing of transmissions in communication systems having the multicarrier

CDMA scheme.

[0004] The multicarrier CDMA scheme is categorized into two main groups. One

group spreads an original data stream in the time domain such as multicarrier
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(DS)-CDVA and nmulti-tone (Ml CDVA. The | atter group
woeodssra7t he spreadi ng operation in the frequedTsG2002/000194

domain, transmtting all the chips of a spread synbol

at the sane time, but in different orthogonal

sub-channels. Conmuni cati on2systens in the |atter

group are conmmonly referred to as MC- CDVA

connummgu@ae $ySy- @WAFah@mulh-ltcﬁleQI\/g@f@DI@ﬂA bihe Gdter group
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Square Error (MMSE) combining detectors, Multi-User Detectors (MUD) for

interference cancellation, Orthogonality Restoring Combining (ORC) detectors,
and ORC with Threshold (TORC) detectors that is also known as controlled

equalization.

[0006] Of the above detectors, only an ORC detector can effectively eliminate
multi-user interference and there is no error floor in the bit-error-rate (BER)
performance. However, noise components are amplified at weaker subcarriers in a
receiver having the ORC detector. The weaker a subcarrier, the higher the noise
amplification of that subcarrier. To address this problem, TORC detectors are
proposed to suppress excessive noise by setting a threshold for signal amplitudes.

Components corresponding to weaker subcarriers that have amplitudes smaller than



anplification of that subcarrier. To address this

probl em TORC detectors are proposed to suppress
Wwoexerase noi se by setting a threshold for sigaaisG2002/000194

anplitudes. Conponents correspondi ng to weaker

subcarriers that have anplitudes smaller than WO
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di scarded. Noise level is reduced with rising

t hr elsddledhold atd @ scaldFICNARE €6/eDis r&ﬁﬁ@&'ﬁz@thfr%ﬁ%rthi/@ﬁ&d in the
subcarriers are acc;pt ed. However, for TORC
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M.D detector. is il ht e |ar [0008] . Therefore,
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subcarriers in general and interference In
whesiilMyBR laige TORC det ectors are used in the N(}
receiver. Furthernore, such an MC- CDVA receiver
shoul d accommpdate nore users w thout substantially

| NC[0eo6Y I MgkreRy haxbd Me&‘zﬂbeémﬁ@f@%ﬁ%@c%ﬁﬁ@f&b&%ﬂﬁaﬂ\éﬁewmes
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| nveHEsHYS [ooTomplificatipn efswerk suhseeriers ongenesit snd tnterference in
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St gnal 'reconstruc
C onﬁmﬁhm&bneoﬁuch)aﬁﬂ\ﬂm(tﬁlv/lmgcelver should accommodate more users
without substantially increasing complexity when compared with existing MC-

CDMA receivers having MLD detectors.

Summary of the Invention
[0009] The present invention seeks to provide a signal reconstructing section, a
receiver having the signal reconstructing section, a communication system having
the receiver and a method for reducing noise in a transformed signal using the

signal reconstructing section in accordance with a preferred embodiment of the

invention.



the receiver and a nethod for reducing noise in a

transfornmed signal using the signal reconstructing
weeai40ozs47 n accordance with a preferred enbodi rENSGRH02/000194

the invention. WO 2004/032347 PCT/ SG2002/ 000194 4

[0010] Accordingly, in one aspect, the present

i nvention provides, in a recdiver of a conmunication

system a nethod for reducing noise in a transforned

si gnaho] eordidgSh OheBesil BEPresBRAh NGB B%(ﬂfé@g{ i'(i_%lsrgéeiver ofa

si gnal conponents, the nethod conpri sing
of : CPBEBINGaHgN sy stetarpsrhethod tbr sedyeiilg Hoysedn detaesfbromedodignal, the

h ' i . . i h f d ..
o1 oRaPHEAR BB Bl aP SRR P b hce MR Bod Bqmprising

ti més, stdpg oft reconstructing nodul e, one or nore signal
conponents of the plurality of signal conponents, the
r econst r uct APV BERAGsREBeH tigrsh by Beleiseivs of thesgmenmiration
t hereby g e noise in the transformed signal. [0011]

I n anot her aspect, the present invention provides a
recei ver f qgmoesssiug ithegransforsed sipna; t r ansf or med si gnal ,
the transforned signal having a plurality of signa
conponent s,*f'he recei ver conprising: a signa

reconstruc trb&ﬁmﬁﬁ&fd%g%br@@(érﬁﬂﬁed%u@ﬁk@ 6f Qfed, ‘Bg a recanstructing
detecting the transforned signal; one or nor JeC|S|on

modul es, Medelk ofe artreorosignalrcompogenteof tie phuralitp disigaal
o 0. SRR UL 2 B 05 51 S
one or thereédyiraust siokeim@e hasgesiddveinal coupl ed to
out put of the one or nore decision nodul es,
[0011] In another aspect, the present invention provides a receiver for reducing
noise in a transformed signal, the transformed signal having a plurality of signal
components, the receiver comprising:
a signal reconstructing section having:
a detector for detecting the transformed signal;
one or more decision modules, each of the one or more decision
modules having an input coupled to output of the detector;
and
a reconstructing module having one or more inputs, the one or
more inputs being respectively coupled to output of the one or more
decision modules,
wherein the reconstructing module is adapted to reconstruct one
or more signal components of the plurality of signal components a
predetermined number of times to thereby form a noise-reduced

transformed signal.

[0012] In yet another aspect, the present invention provides a communication

system comprising:



wherein the reconstructing nodule is adapted to

reconstruct one or nore signal conponents of the
wohoaB2ay of signal conponents a predet er ni nedTASGRER000194

of tinmes to thereby forma noi se-reduced transforned

signal. [0012] In yet another aspect, the present

i nvention provides a comuni éati on system conpri sing:
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reconst r ucd sipgal sewhitartihgsectio fier rogudit $fsd iR adransformed signal,
transforggd si gn t he transfornmed signal having a

al . . . ] .
pl ur al i t §redfanss &ﬁ%ﬁ sigefavies # @luralify of sighall components, the signal

reconst r iebhdcARELL:AMn BAMhNO: a detector for
detecting the transfornmed signal; one or nore decision

nmodul es, each of dat¢wtordnedaectinp e wesisined sighmidul es
havi ng an i nput_ coupl ed to.outpgt of the detector; and

a reconstructingH r‘féd‘??éﬁ}‘?%ﬁm WES>8PCWtEe PRfpRft goretdgeision
one or  nore nRRULShARdEh HESRSGIcY &) Mutgﬁt’é’cgltﬁ%%étgctor'

out put of the one or nore decision nod erein
the reconstructdflg nodul e i s adapted to reconstruct

one or nore Ssi f.the plurality of
si gnal conponeﬁ%ga%§&8§9%?@gé@%@ﬁQ%%%mﬁﬁﬁ%ﬁ?“ﬂ%n%ﬂﬁé§c°r
to thereby fomoreanpas being edpetivelytdoapied & SBPutSIrdRSne or more

[0013] In still . another aspect, the present invention
provi des a si FrHOYBeGHS ructing section for a

receiver to requgseid 9{6§§cdn§tr@ctnﬁ1%?lgﬁu?e;/ iggx?apzt%cgﬁg}aéor}sggct one

transfornmed signal having a p

conponents, térener gigakl coeponsits ofthe pHirslég off Signal components by
conprising: a det?etctor or .detectin &lhe t ransf orned

signal ; one ofPYOFEIHRe] BT phBEER L thergky fosm & peisqreduced

or nore deci SifBformed signal.

[0013] In still another aspect, the present invention provides a signal reconstructing
section for a receiver to reduce noise in a transformed signal, the transformed
signal having a plurality of signal components, the signal reconstructing section
comprising:
a detector for detecting the transformed signal;
one or more decision modules, each of the one or more decision
modules having an input coupled to output of the detector;
and
a reconstructing module having one or more inputs, the one or
more inputs being respectively coupled to output of the one or more
decision modules,
wherein the reconstructing module is adapted to reconstruct one
or more signal components of the plurality of signal components by

a predetermined number of times to thereby form a noise-reduced

transformed signal.



nodul es having an i nput coupled to output of the

detector; and a reconstructing nodul e having one or
wouo@/i3zgaat s, the one or nore inputs being PCT/SG2002/000194

respectively coupled to output of the one or nore

deci si on nodul es, wherein the reconstructing nodule is

adapted to reconstruct one 6or nore signal conponents

of the plurality of signal conponents by a

predet er m ned nuppRf DefcriptSofitRe DREW forma

noi se-reduced transfornmed signal. WO 2004/ 032347

PCTP®EaD 0B 2raforteriombagligerit of thogsesenpinventionfis mioee iz wesrgibed

| < ety P RS R el Ao B R PRy B e hes of

ar twhitly way of exanple, wth reference to the draw ngs

of which: [0015] FIG 1 is a general block diagram of

a prior art MC-CDVA communi cation system having a

tr R . e e o
L AD5)10 SEBLLRI RAC 851 bR P61 BA LA Rlnicaion
r esyststrhasingrgrascittionsatiomand e eekeiwitg feotiorg

comuni cation systemin accordance with the preferred
enbodi nent; [0017] FIG 3 is a flow chart of a method

f orodfeprEat. Y& ¥ gdREANGIJAR dRQEFE of B siBnallrbARSHRBdection of a
signal received by the signal reconstructing section

of rEgedyerfor § QUUBINIFIEL sHemHpRecoydanph witbfthapriored egifediment;
of the transfornmed signal processed by the signa
reconstructing section of FIG 2 based upon hard

deqo®i7pIFICoapad fdw chart Bf £ pRiteatfboiahti IRGdetifE hekSin a
[0019] FI G, 4B shows graphs of BER vs. SNR of the

t r dFEFloFmed signy regeiyse b ducagnal gsropsiaicgpg segtion of FIG. 2;
reconstructing section of FIG 2 based upon cli pping
function conpared with conventional ORC detectors;

[ 0qewB] HIG. 4AGhshoymphy GBER of. BHRoT the tiSNRonNed dignal processed

transfor.ned signal processe iy
%y the mgneﬂ reco%structx g section og FIG. 2 based upon hard decision compared

with conventional ORC detectors;

[0019] FIG. 4B shows graphs of BER vs. SNR of the transformed signal processed
by the signal reconstructing section of FIG. 2 based upon clipping function

compared with conventional ORC detectors;

[0020] FIG. 4C shows graphs of BER vs. SNR of the transformed signal processed
by the signal reconstructing section of FIG. 2, having a lower bound of BER,

assuming correct decisions compared with conventional ORC detectors; and

[0021] FIG. 5 shows graphs of BER vs SNR of the transformed signal processed
by the signal reconstructing section of FIG. 2 compared with conventional MMSE

detectors.



by the signal reconstructing section of FIG 2, having
a | ower bound of BER, assum ng correct decisions
woaopased7wi t h conventi onal ORC detectors; andp{0822§02/000194
FIG 5 shows graphs of BER vs SNR of the transforned
signal processed by the signal reconstructing section
of FIG 2 conpared with convéntional MVSE detectors.
WO 2004/ 032347 PCT/ S&002/ 000194 7 [0022] FIG 6 is a
gengaoab; acki D'\%’%E@[Tbl@f:k iaBFan®6{ Pprior B Walsﬁ@%%féi
transfornmed OF &N system and FIG 7
i s &apepuned OBPYE HlTa@FBM)GB’Stampader art SI ngI e
carrier frequency domain equalization (SC-FDE)
receiver. Detailed Description of the Draw ngs [0024]
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in a transfornmed signal using the signa

reconstructing section in accordance wth a preferred
enmbodi ment of t HietaibedeDescoiptianef desDrivoiads | n the

folt .descriptio det.ail s are provided.to

o PRI HER] Fiop it 5t cireiv oraSia he fignal reconstructing

appadctioh, 4 ©rAenisHkidnls ?Qel‘n'haklﬁl% tRE Fecmb%ﬂ%rmeﬁ&?fortr&ﬁmmg

|nvent|on may be practiced wthout such details.

of BDplseE Yearsiorseduignaloisingethe sigoalirbedstatcting rsgctth)nso aex}})rdance
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i nvdedciiption, sietanaarerpemaeﬂ mgiegdrlﬂeQ%ﬂﬁretw@d\éﬁ@Kdﬁﬂ@xﬂ 13t shall be
conmponent of the transforpned si

cor PRRESIN R o Salladdn ghe gt Boversnidetthe invgntiongnay be practiced
COMRARGHR L

from vveaksugllq]g% IF'SS ggﬁrﬁ@) gﬁg%hg@et%o rH%'f ﬁ@t %Ldr{beg %{ fegé]th SO as not
noi techsewhedledinyerdivaf or red signal is f or rred af ter

repl acenent of the at |east one weak signa

conmponent. [0026] Another advantage of the invention

IS tobgd] Theeard MamOadRhhid esfdf‘@l‘ﬂilr infént{oh9Bne advanﬁlge of the

signal -to-noise ratios (SNR) when applied

c oniAprtiania thag sapdasingras leasiodneaxeak signal component of the transformed

signal with corresponding at least one reconstructed signal component enables

reduction of noise amplification from weak signal components. Consequently, a
noise-reduced transformed signal is formed after replacement of the at least one

weak signal component.

[0026] Another advantage of the invention is that there is no error floor at high
signal-to-noise ratios (SNR) when applied with conventional detectors such as
ORC detectors due to absence of interference. This is because no signal component
is abandoned and therefore orthogonality of signal components of the transformed
signal is not destroyed. Consequently, bit error rate (BER) is improved without

adversely affecting orthogonality performance of a detector of the signal

reconstructing section.



ORC detectors due to absence of interference. This is
because no signal conponent s abandoned and
woOheraBmge ort hogonal ity of signal conponents ®8€TSBR002/000194
transforned signal is not destroyed. Consequently,
bit error rate (BER) is inproved without adversely
affecting orthogonality perfgrmance of a detector of
the signal reconstructing section. WO 2004/ 032347
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advantage of the invention is that the signa
reconstructing section is not restricted to
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not OﬂmﬁﬁdlﬁdlﬁgiWHT@MEE hiid SCHDsdstetemai n. The
invention applies to any domain (frequency, tine,

space, etc.) in which a signal is transformable and
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frequency ‘donal n, eac I gnal conponent rel at’es
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subcarriers. In a different domain such as the time
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illustratively. As such, the signal conponents . in th
des dpmpin eh peihatiena domsie G hSBP UGBS AHS5dp fOBFXAPIE, a chip.
spread signal and therefore associated with the
frequency

[0030] In the following description, an MC-CDMA communication system in

which K active users are transmitting simultaneously and synchronously is used
illustratively. As such, the signal components in this description relate to one or
more subcarriers of a spread signal and therefore associated with the frequency
domain. Signals from the K active users are processed for transmission by the
transmitting section 12 of FIG. 1. Spread codes of the K active users are Walsh-
Hadamard (WH) codes with a spreading factor PG > K to ensure orthogonality
between each other. For each user k (k=1,2...K), Quadrature Phase Shift Keying

(QPSK) modulated data sequence x{ =+1+i, ¢=12,-- is first converted into P

parallel sequences, and then each sequence is spread onto PG subcarriers using

_ T
corresponding WH codes of user k, ¢+ = e sCaopse- ~=Cpc,k] , where



domain. Signals fromthe K active users are processed

for transm ssion by the transmtting section 12 of
wohe4/05234%pr ead codes of the K active users ar eC¥WsiG3002/000194

Hadamard (WH) codes with a spreading factor PG ? K to

ensure orthogonality between each other. For each

user k (k=1,2...K), Quadratupe Phase Shift Keying

(QPSK) nodul ated data sequence xg 1 i, t =1,2, . .

is firsticopvert ed bl ¢ &no&@&t@%%ﬁge SHANEN GG Ror c@ﬁglmnﬁ with

t hen™each’ sequence i s spread on PG subcarriers usi

cor pesPeRa, AN PWPG 9deScRdatdisoledt
CPG Kk 1T . where o onel e Sletes ot seé%ozl ooo‘% Pxg d
Crrk availablersubearriers and traGfemmd into toendsngsn by im&psa:ﬁst Fourier

opekat Q n ot.her ers, all P x .

o6 s Shormtity) . PR Beidohai gt i REh SamBr fndherial and

avattea kaueedswmcagnara ligtedAlod dyaRS ﬁ&ﬁ%@fdré‘ir@ns&mffﬁxgdﬁrfﬁé fhannel

by | nverse Fast Fourier Transform (IFFT).

paré@l el tinme-domain signal is first converted into

serial and then added with a guard interval or cyclic

prefix before transmtting on the channel 16. [0031]

To [osql T6 pinifidy thetmtdtion aaddth)tltf’losHoﬂg@ﬁéranfy one of the P group
grou si.gnals that s

ener al.i one o
tg r anghs f‘éﬁ%&?ﬂ%ﬁl&*ﬁ E% SR USE b pepsideTe heren i kel =1 . e.
P =AMMPE P@t ke Hinclthife SRMBpdrtd Bt tMR1af YRS rb%?l‘iéﬂfated itf the data

may al so be dropped in the data sequence xk

Theseghence, *.aThérghad, atsr@]ahtlmtstmtﬂed in thdﬁﬁeqlreﬁq}uédnﬁa’m (before IFFT)
dormln(beforeIFFT) S [s1, s2, ..., sM]T nmay be
repﬁes{equed,a@] may:b@represen’eedas(l) where C=[c 1, C1

... I CK].,is the WH code matrix for all K active

users anﬂ (;r"[ x1,x2,...7xk§lF. [0032] The channel 16 is

o HIB ¢ 2 e . Shorhn LG, DRSO e

Gau§SJ n n0| {AWGN). There is no inter-synbol
interfe‘reh’ce ecause of the existence of a guard
interval wth duration |arger than the channel del ay
spread. [0033] At the receiver 14 for each user,

sani§P¥d bie chaped d pieasseimehtl becosloelypandngfrequency selective
Rayleigh fading channel corrupted by additive white Gaussian noise (AWGN).
There is no inter-symbol interference because of the existence of a guard interval

with duration larger than the channel delay spread.

[0033] At the receiver 14 for each user, samples of a received signal corresponding
to the cyclic prefix are thrown away. After that, an FFT of size M is performed.
The output vector after FFT, r =[r,,r,,...,7,,]" , referring to a transformed signal,
can be written as

r=As+n=A.-C.x+n - )

where A= diag(y,,Y2»---»¥s) is the influence of the channel (frequency

domain) on M subcarriers and n is an M-by-1 AWGN vector.



to the cyclic prefix are throwm away. After that, an
FFT of size Mis performed. The output vector after

wOeRM4/m2347[r1, r2,..., r,,, ]T, referring to aPrPCT/SG2002/000194
transfornmed signal, can be witten as r=& - s+ n= A
G x+n----- (2) where A =diag(y 1, Y21 ... , y2) is

the influence of the channello(frequency domain) on M
subcarriers and n is an Mby-1 AW vector. WO

5?8@2@ 2?&&@&%@5%%%2 20099 He JibPASRE dERARE RbovEDe

prior ’art” ORC detectors renpves
| nt mtd fereze emangn gifferditfidferreattoni sphbplvabinpietaly ol s so, the
nal

o bR B Ron et g bise s g eI RE B Hirdiasigt aehannel

champgix, fdﬁ@WeH’E)y rﬂlﬁﬁfal@ﬂ%ﬁgn Qf/the%attmpl ication of the
mat ri x: diag(l/Y>1/Y2 ,...,1/Ynr)

----- (3 7 are |f1_(_e_ql { th high
gain, su%:;hA‘\i“‘/e su arrlggr/g ﬁ?mm?ﬂ& a h| Ievel of
noi se. For this reason, prior art ORC detectors are

noi 8¢ \bédﬁ s@startiBSale & gghﬁ@ﬂ q{fnﬁli‘/lr\}/{é%ﬁ%’%n dgiBCheng ’subﬁamers

the sign I's detected criterion,

i s inbeduas achiiphrleveisst heiser Foiotonatasbn, plibr aenPROed¥Ectors are
of received subcarriers. Therefore, a weighting

mat pdise-fimiteVSE can be represented as: G=CTa=CT

diag(l ~"~z...,(3M (4) where 9,,, =Y,n/ (Kl Ynl z+az),
m=1l,..., M 6z i's the noi se power and denot es

con

ugat er at i is to be note
S oot | Fos o At dete o, Ingl g o sl o S

ex Cafshne whdhSie i Rh birbCahidt®R orthhidi] {0l ShnfRAbhnts of received
subearriérs with large 1'm din, is in proportion to

t hestbpagesse Tiofrefole asvbgliimginestrix raviVEE crodfefrepicemted as:
| /yMto recover orthogonality anpbngst users. [0036]

Ref erri ng sngW. e &1 @hagz(ﬁéqubl Oﬁb)dl agram of a si-gnah)

reconstructing section O of a receiver (not

Chown) 1 HReradDordanck irk I & He 7prdt.ox Hod b BARTERPOTEr and

illystrated. | n describing th referr
‘% denotes conJ]ugate operation. I?ls to %e b oted that %or weak sub-carriers with

small y,, B,, is small to avoid the excessive noise amplification. While for strong
subcarriers with large ¥, , B, is in proportion to the inverse of the subcarrier

channel coefficient 1/y,, to recover orthogonality amongst users.

[0036] Referring now to FIG. 2, a block diagram of a signal reconstructing section
50 of a receiver (not completely shown) of a communication system (not shown) in
accordance with the preferred embodiment is illustrated. In describing the preferred
embodiment, elements with a common function share a common reference number

but are distinguished using non-capitalized alphabets.

[0037] The signal reconstructing section 50 comprises a detector 52 for detecting a

transformed signal that has a plurality of subcarriers, one or more decision modules



enbodi nent, elenments with a common function share a

common reference nunber but are distinguished using
woao4pagist al i zed al phabets. [0037] The signal PCT/SG2002/000194

reconstructing section 50 conprises a detector 52 for

detecting a transforned signal that has a plurality

of subcarriers, one or noreidecision nodul es WO

2004/ 032347 PCT/ S&2002/ 000194 11 exenplified by three

de ule

rodur e e - p gaon MHRUISH e, A0SR R b i nodul

ORGY. 'HleTcﬁe(étmrﬂa;an b/BE: ekatpdt, an ORC,GOBBRCraeh MFISErigtector.

deci sion nodul es 54 is associated with a user and has

an input 58 that is coupled to output 60 of the

d e}0R8s]0FadlPof the @éc’iél&lﬂ mPeeSH is%s&Yatéd'\ﬁﬂh d@@drsin@Mas an input
nmodul es 54 is either hard deci sion or a conbi nati on of

both thasiscogpleil 49 owpuaiidles deterden X biscisivarpregseseng ppihsg

£ GO RiodlRO32s G AEEABSLENGE L B Ao OR AR, A06ision

res EC |ve cou out pu

Ofa@hﬁﬁﬂ@&h&hﬁﬂmﬂﬁﬂUhﬁﬁngﬁmwﬁmﬁee i nputs 62a, 62b, 62¢
of the reconstructing nodule 56 and three outputs
64a, 64b, 64c corresponding to the three decision

g}@&@f TF% gefgf@%ﬁfeﬁﬁ% HoBule!sbUaS bAd bﬁﬁ%bﬁé 1h15\H§ sﬂe%gedumely

econstructing nodul e 56 i s adapted
t o cogdahstauyptt 64 € therdenision metubusar Thes ingfuts 67@,62b,62¢ of the

lurality .of s red d nunber..of
[ Asenieifh aaBl; S5 AR i CHoERE O PRI (o the three
si gB@bion RREGRS LHASAH, 94t R ilRsEIRERS IndRAtelSn FI@seEd on a
rel ati onshi p between a received signal conponent and a

transmtted signal. Subcarriers for reconstructing

s
or S48 dht kosB R RERE rigROR B P RO Bl GG AR BIE pc olpbie®
pakaseatrstsofthe phhatig ef subsampietst astedetainihdtenyphiver aff titngs tf

subcarriers, which _is obtained froma channel
es thenghi r@ﬁummeén (h@d{angiﬁggﬁ; sigpaly ]f\eé:op%tggpgxé pf g gubcarrier is

[ 0R4:Ld ohG, Igﬁtﬁgﬁé b&@v@&?z?%‘c&%d‘h Hél'@oﬁllﬁ et I transmitted

reconstructing section in nnrg eta reference
i S sigaal. Babtearmcﬂrs fdreedomsiwvmuag treaflerfified basddhmon channel parameters

| it Birueeirieg BRIl o g et DUBELPRFBPGTY it Shanrel
t h%niphﬁfdﬁ @fﬂl‘i@%hfrhl&? @k sub-EerﬁkéTWhﬁJ}Ms gBERed BlohPcihnélne

met hod 100, a Single
estimation module (not shown) of the receiver 14.

[0041] To describe processing within the signal reconstructing section 50 in more
detail, referer;;:e is now made to the flowchart of FIG. 3 that illustrates a method
100 for reducing noise that is introduced by amplification of weak subcarriers in
the transformed signal. To simplify description of the method 100, a single signal
component or subcarrier is used as an example in the following. However, it is to
be noted that the FIG. 3 flowchart of the method 100 generalizes the single

subcarrier as one or more subcarriers.



conponent or subcarrier is used as an exanple in the
foll ow ng. However, it is to be noted that the FIG 3
wohownbzast of the nethod 100 generalizes the spPagise2002/000194
subcarrier as one or nore subcarriers. WO 2004/ 032347
PCT/ S&G2002/ 000194 12 [0042] The nethod 100 starts at
step 102 after which the tramsforned signal is
received at step 104 by the detector 52. The detector
52 [@(ﬂﬂi AR rﬁ&ﬂéf@[‘@d Qﬁ'@ ats gtlgg%ﬂ&nwﬁféﬁﬂleat?ansfo ed si lgnal is
exanpl e, E, tain an estimte of vec
X. red‘dn‘eed@tstepﬂﬂé b)((ﬂ)e deseclt(héﬁ Phodéteor 3 appiit:h@nventlonal
rmed. si at st out ut. 6

R B S fip 3 TR B RS oyt bR i Slvector x.

%/NEE{% esgmg%uﬂob los%en( ?%\éldg&r IfrgglI bn:f‘g {rfui;s ﬁrgxﬁegrs%lé@t §¥e§nl 06 at the
0. o
ot TS R R thel it 30 bbb oL A GRS lyeh ¥ equation

est(Blr @R G bP&flatiths (4) Jort MBRISIREASHONR= FO a5 %l ahnsFb@ied
108 and the estinmated si gnal is obtai ned after

decigiabgs sypyesseddiaeaydtion)(Z). wher e dec() stands for
deci sion processing function. [0044] A subcarrier is
then identified fromthe plurality of subcarriers at
st gpo43] (T hebaster thfpnethbdh 0@ branineds \palli &mﬂleﬂi protéming the
identified, suﬁ arr i.s the £§a§$' bcarrher Wi th
t e umaR sigpa gL dexiapt MofEls SYpcstsiplGB qud the estigatd signal
[0 hgode K i I
o e i v ?ﬁgﬁi?g@ﬁ?ﬂ@s%%ﬁﬁﬂgﬁ?o
t heyredtheias fiktiod.hat is identified is then
reconstructed at step 112 by the reconstructing nodul e
56 to provide a noise- reduced transfornmed signal. In

f
X( ;156441/\01{ S axtrp;o 15?2%% ﬁ@l{xt%eglt fr rﬁ%e&gluﬁhﬁf &es(lbga?ﬁér a{)ﬁep 110
c orhaeshqnadithgchaond pattdneserr Tley 1dbﬂ1ﬁaatfsubdmnéma tl&f\mfalked
signal based on: 710 Y10 . C10 . i(0) ----- wher e
C1Oubraraeraxith the simotlest chamelcogfficians i it He Stiba né‘ﬁ’ ).med
signal is reconstructed by replacing the 10th el enent
of r() with Pi, . Fromequation (5), it is noted that

t h%045] Based upon the decision processing, one signal component of the

transformed signal corresponding to the subcarrier that is identified is then
reconstructed at step 112 by the reconstructing module 56 to provide a noise-
reduced transformed signal. In other words, the estimate of vector x after decision,

%9, is used to reconstruct the signal component corresponding to a subcarrier i

of the transformed signal based on:

’/:io :yio .Cio ﬁ(O) ----- (5)

where C;, denotes the ioth row of C. Then the transformed signal is reconstructed
by replacing the iy¢h element of v with 7; . From equation (5), it is noted that the

noise power of the reconstructed subcarrier, after multiplying with 1/?’;'0 , depends

on the decision errors of % only. If the decisions of elements in x are all correct,



noi se power of the reconstructed subcarrier, after

multiplying wwth 1/Y10 , depends on the decision
wenroars2af i (O only. |If the decisions of el enearsGR00V2:000194

are all correct, WO 2004/032347 PCT/ S&002/000194 13

the reconstructed signal conmponent Rio is error-free.

For noderate and hi gh signalt3 to-noise ratio (SNR)

which is critical in comunication systens related to

the theqjé@(ﬁﬁﬂﬁct.é@%ﬁggélic??xgoﬂ&% t7. &k %ngfrﬁe. %fgre ifné%if:r%geﬁa}nd high signal-

detected correc a r conYenti ona

Thu : [ fdhe . b el | fter
il 1 B O PR b foorh P8 YRR Blod QsnTglyed to e
noi peesEaEfendbn st WRikhts DI REAREd @dtectdd@REQY Bfter conventional
repl aci ng Eoor si gnal conponents of the transformed
si gHAaectiue Rhas theoiaise nowtse airth srbeagier tihefterwoulgplying with 1y, is
subcarrier wth one or nore reconstructed subcarriers
t hefsshiap thparpelificd nowsipewrer aidhe Bars pehearise mewrefpigneeplacing
t ha i ' . dat oo d y
over 3 TR p e s R B LR gL & e RSB e
t r ansfsd swedrrgr gvitl onelve harercanystrueted sabdatddrs dRrebly @Rckbdes a

i s then provided fromthe

Anot her timated signal | ]
rec B%T'F%E’f tf%ffsg%eg é’cgnalstﬁ%tpas_lai%na‘l‘t ® ﬁ%m’&{ﬁl?f_&ﬁl defecters,
t heifinb e Slerdlsysehfferblfiad® BifPatedto b ofi%‘i@&ltthﬁfo‘iﬁed signal

steB 106. Such another estimated signal
decbeforranyrecansedioat step 116 using the decision
nodul es 54. Step 116 is simlar in function to step
108. [0047] At decision step 118, the nethod 100 uses

a Coosd] eAnbihetlgttiatadd g Bthar provided FURCBE FdcBhstRREd signal at
been r ructed the predeterm ned nunber of tines.

cons inmber. ol :
For Ssp T14/g4he pUPRUAN Fiqht fceienis St HAdpsimiet in action o step
met hegd s I:S] : er i ne
e B8 MO RIS L0 561 100 B0 DR GHELFTD i
anodévesion mothelas £4.tep Cdiesimike jn functian foNeEp 108l | owi ng
the decision step 118, the nmethod 100 returns to step
112 to reconstruct the subcarrier another tinme. [0048]

At 684 SAPAeci8Pstd 918, tEmPBbA P60 449 a@@ﬁﬂémogﬁﬁermine whether

whet her to process another subearrier according to .
t hethe gebrarisribag benapcontycteditae pexetesiingd niimfersafaimek1 Por a

t he.y, prpvi di.ng,st.ep .114 eci Si rocessing ste

116 VR B RifieE e Rt dtem 16 466 Fieliod 0B HEEERR B ReGiibR gter

t geu{tptf@idféte@mr&tmtﬁe%@o itéra@ theAtRE plddessift EgiTot shdile
entifyin

| subcar¥ier. %therwise, for a ‘No’ following the decision step 118, the method 100

returns to step 112 to reconstruct the subcarrier another time.

[0048] At decision step 120, the method 100 determines whether to process another
subcarrier according to the identifying step 110, the reconstructing step 112, the
providing step 114, the decision processing step 116, and the decision step 118. For
a ‘Yes’ following the decision step 120, the method 100 returns to the identifying
step 110 to identify another subcarrier based upon the channel parameter.
Otherwise, for a “No’ following the decision step 120, the method 100 proceeds to

provide a current estimated signal of either before or after the decision processing



step 110 to identify another subcarrier based upon the

channel paraneter. Oherwise, for a "No' follow ng
woOher4azi4zi on step 120, the nmet hod 100 proceedBCT/SG2002/000194

provide a current estimated signal of either before or

after the decision processing WO 2004/ 032347

PCT/ SG2002/ 000194 14 step 146 for subsequent

processing at step 122. Thereafter, the nethod 100

ends%eg;at 16 fok Sibsdditent plobQMInB At §tbe 127, q\h'efi:‘aﬂgr #He8Rethd 2100 ends at

I n_each subsequent iteration nunber ed m

f ol St@MWOHOWMhG progifinghdep H8%i si on step 120, anot her

subcarrier is identified fromrenaining unidentified

subcarriers of the plurality of subcarriers at step

11Qqobees eld daplesutisa@eﬁmmﬂ&in an&feadlﬁhﬁfélloWﬁlg laSYe® fhgn the

noted that this sub-carrie .. .S the weakest

sulftesistqnetten m ﬁ@oth«?réﬁlaqaﬁmeﬁgs snidfaset from agmainingamideatified

at éub@z{rf’ﬂ: E’J{ahw PH&Hlé’i’?Q‘J‘s‘? & ﬁﬁo‘;ﬁrth? channe

anongst t subcarri érs. e transtorne

Si gFn@dmétsr. lIJtpdai Eﬂndtéﬂ shethiskhB-callRks €() 19 theampalibdt @bdahjer in the
where the index is "nm' instead of "0". The net hod

CONenAlRSy uMBitificd subdarridrSatTRiation rh BetheteP WeledSubcarrier
descri bed herei nbefore. [0050] It should be noted that

t heamangist the plusgfits o€ prbeaierray ho tragsermedrsignabiaupilated jonstep 112
th &8 Qr? Q Lga%gfl (ﬁg&%‘f g{rl?? %C?eé é?‘atghr’] gl%teaa E? “ JI #Bglneﬁyog continues

subcarrler can

t haintil 8 ‘NasBdndi potheGteprndlas degetibédikgcinbéforee t he
providing step 106 as long as the receiver 14 has
performed the channel estimation. [0051] Al so, the

| dgRdo] Vit ngou'i"ci Scpn(;t%&)thfﬁ ﬁ‘l@ 1([ gg’g? 16‘glg§ '_jl?g ge&‘%edtéaﬁier in

deci si On step- 8,
destbe nietahdi 190t hecoatdmgle da&:h @lf ﬂr@tplmahtyfoftshbacamdﬂrhoah WeQidentified

? gfanfggéwpe&?g ?ug?fcgﬁth F % b%fechlonsogr e ik grpgl:{ltudes ge Cr%rt{qe prov1d1ng
I eCRdpst0gHtIbAPasone réél%w&oféﬁha%lﬂé%ﬁﬁéc?ﬂhé chddeles@afaloRf
the one or nore subcarriers’is reconstructed one at a

time. [0052] However, the |dent|fy|ng step 110, the

r ﬁgB@i r&ﬁg 9 %d%%\g%?g’gls%%nu 13) the gC(bISt?l!?Ctlng e% l]I% the %ecgsion step

i'sron’s e appFi

si nul8t anbihe sledisiph eep980 dasaﬁibécemahe atsdwetdesoﬁipuoﬁ ofmmeenethod 100
subcarriers of the one or nore subcarriers for each
i t FafqraHoCeREURS aadepPustructingpng spbeTG HoRreR lierEondn odeer

10%6@8,%P}éc%tﬁ1&1ﬁge&{%rb§tlﬁ&9 Eubcamers, then each of the one or more

subcarriers is reconstructed one at a time.

[0052] However, the identifying step 110, the reconstructing step 112, the decision
step 118, and the decision step 120 could also be applied to simultaneously process
and reconstruct two or more subcarriers of the one or more subcarriers for each
iteration. For example, in a situation when the method 100 is applied to reconstruct
a fixed number of subcarriers, then processing and/or reconstructing can be
simultaneously performed for a multiple of the subcarriers. This multiple can
therefore be two or more signal components of the signal components that are to be

processed and/or reconstructed. In a special situation when all the subcarriers are



a fixed nunber of subcarriers, then processing and/or

reconstructing can be sinultaneously perforned for a
waoubddiopta7of the subcarriers. This nultiple caRCT/SG2002/000194

therefore be two or nore signal conponents of the

si gnal conponents that are to be processed and/ or

reconstructed. In a special Kituation when all the

subcarriers are WO 2004/ 032347 PCT/ SG002/ 000194 15

si nuinhmaﬂmlsly)prme@ms:ﬁ e€bostrioRE) Bieh hUYeeht tHeRBistbn step 118
" Yes' %th eC| ion step 118 proceeds directly to
20

th engiC%?jiS ? Hemyeds, AqCﬁrdtlmglg, i8 e preciad pituation,ghe method
thelm@ggﬁghegggggggﬁﬁlg@e deci sion step 120. [0053] It

shoul d further be no that processing the decision
function at the decision processing steps 108 and 116

t oPBEol Bt dies e o BrocSBineate dreieion inglion s the
out Petisief plodsssit Efskps deg hsd PﬂS daf & F‘tﬁ&l 1?3%&19&%‘.1&{ ﬁrl doft ARision

a function of the input. For exanple
f ol plgarh geretipppd mentfonad eirbier. Bebevgn dn iaptixs fhuhjou‘( (Xf)the=soft

sig

Funcictho! Elefiubed il ™ A5 B idBtinet Tor Bpele T in he

si gfudlowingclibpirfgdbédionfeingtPSK si gnal , the clipping

function nay e applied to real and imaginary part

separ at el ¥ uslng hé clipping function, hard

deci si on §) for thos@/bits with nore

ener gy, which |s reI ¥|vely robust to noise. For those

bi ts wivhere| swg: ) éntbe gignafindetrasl taking el walle abay the used &e,a BPSK

soft deci |on+ s made and hopefully such bits receive

some nbP'dnergy at later iterations fromthe

iterative error-correcting process described in the

nmet hod 100. [0055] ORC detector renoves interference

bet A& khirfQRSke sﬁgneilnthe chipping mr&ynﬂﬁﬁiay be ﬁp%lieﬂqb Ir%al laid

invertin cha mat ri The_net hod 100 does

ot TR e PAGRR, GGG B CRovT FeRel haii coyipgons made

So ¢ fdrtiRdsa ity &itfRto oV

noi seﬁvvl thout intr odur g ?%&g%gplggﬁi%%gggvélg ?%bugﬁt%gﬁﬁ For those

Al ttﬁﬁl)@lﬁl lsssrnergy and relatively liable to noise, soft decmon is made and
hopefully such bits receive some more energy at later iterations from the iterative

error-correcting process described in the method 100.

[0055] ORC detector removes interference between different information symbols
perfectly by inverting the channel matrix I". The method 100 does not change the
orthogonality of information symbols. So the iterative ORC detector reduces the
excessive noise without introducing error floor in high SNR. Although other
conventional detectors like MMSE might alleviate the noise enhancement problem

to some extent, applying the method 100 on these conventional detectors can

significantly reduce enhanced noise.

[0056] For each iteration, the noise-reduced transformed signal may be regarded as

a reconstructed transformed signal received at a virtual subcarrier corresponding to



conventional detectors |ike MVSE m ght alleviate the
noi se enhancenent problem to sone extent, applying
woOheosrme2daod 100 on these conventional detect or BCTABG2002/000194

significantly reduce enhanced noi se. [0056] For each
iteration, the noise-reduced transfornmed signal may be
regarded as a reconstructedédransfornmed signal ‘
received at a virtual subcarrier corresponding to WO
200 03k 4 suBCat iSGROAPHO QRAM dedibiohd e WBAK& (error-free), the
subcarrier. If all the current decisions are correct

( er FsPosiusteyl trappfermedegipnad s alse erdortfireenbf ethersdords,ghaviriusl
al s - e ln r rds.. the virtual .
cub ARBHRE i i L ARAEbr MR Siscng fre ey SNE inper

cor extedmelh rve BNR W ofittie nodsel il aRIdyon! thvvvirtudBsuderyeer Wf11 be less
t he noi.se i nposed on the virtual subcarrier will be

| es $APASSOTEPORGPE b SiRSPTIFT rideice Japlaaing pah oftmplarality of
r eph@ehR@rEREh 2 Mss h&@y Qieraﬁ&drﬁé’r, g{lle lgf]éé%gégxrgri{e?e[tﬁ/ew, Fiudes the

| ess noisy virtual carrier, one

i t enegis¢ smplficatiedsmesthishe noi se anplification

snoot hly. [0057] Results of sinulations of an MC- CDVA
systemin a frequency selective fading channel are

nextoopr] ERESHIE Bf sifRSATENE Bf ARIC-EDR AW @b GR a ‘ﬁfeqﬁéffékr IsBlective
prefix is longer than the maxi num del ay spread, the

chafding shapnad arernextipresantdde Assyppaa that eldaratwnfdf ayclic prefix is
Ray| F&h[hgﬂle Xﬁﬁ%ﬂ?ﬂ%{a\y\gp{e?dﬁhg gl{arﬁ‘fl%ll ffz)ﬁcgacggﬁﬁ{agﬁr&ﬁgears like

expectation val ue

t hea flanReyiecigh felitpcainnhe feith Sneialitdl RevdVezpLthtion [VARB3]
FI G_ 4A shows graphs of BER vs SNR of the transformed

si gial [l deds Eethe shyulbienssihg nambeesfeubiartiats ingt HagiNen64.
50, applying hard decision processing in the decision
nodul es 54, conpared with conventional ORC detectors.

onclopB B B SRR arorne of PEK Vi Bt tohstpiresd qimshgrocessed
canbPeReal reb&@trh&tﬁ{gégei:tv%Eﬁﬁ Eﬁﬁ?fn@ mlaﬁp(n%fg_?orﬂlgr]g&&ﬁng in the

met hod_ 100 i nproves the R pertormance sig I can

c onfRsisien mediORG b rempaied vatlitdoonetioGHIR € s teetors. Fbe BER

at edterative a ithm of the thod ..100 .
ot (P Emah o M RrRLOPRM Bl BpF BreiatizHion s also
out jelufied IBFIORE. Ay cabifikee®, tBBiteratiet CeddtyvisR kAR of@rDMethod

sys}enlby about_4 dB. Even with a single reconstructed
00 improves the BER performance significantly compared to ORC and

conventional OFDM system. For BER at 107, the iterative algorithm of the method
100 with three or four reconstructed subcarriers outperforms ORC by about 6 dB
and conventional OFDM system by about 4 dB. Even with a single reconstructed
subcarrier, the iterative algorithm of the method 100 outperforms ORC and
conventional OFDM systems by about 4 to 4.5 dB and 2 to 2.5 dB, respectively.
With more subcarriers reconstructed, the performance improvement is less.
Therefore, reconstructing a few subcarriers, which most influence overall
performance, is sufficient to obtain desired performance improvement and this

makes the signal reconstructing section 50 easy to implement.



subcarrier, the iterative algorithmof the nethod 100
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processed by the signal reconstructlng section 50
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conventi onal can be seen
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AT GBS i oo
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to reconstruct three or four carri ers gnal
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optalns a
obtains a 3.5 dB improvement over the conventional MMSE detector. Even
reconstructing a single subcarrier, the signal reconstructing section 50 obtains a 2

dB improvement over the conventional MMSE detector.

[0062] It is notable that the method 100 and the signal reconstructing section 50
can also be applied to other communication systems and not just MC-CDMA
communication systems. For example, FIG. 6 illustrates a prior art Walsh
Hadamard transformed OFDM (WHT-OFDM) system 400 that is a typical PT-
OFDM communication system. For simplicity, a downlink communication system
with M =2" subcarriers and M information symbols forming an OFDM block

symbol is considered and assumes that the information symbols are QPSK-



dB i nprovenent over the conventional MMVSE detector.
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comuni cation systens. For exanple, FIG 6 illustrates
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(WHT- OFDM) system 400 that is a typical PT- OFDM
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the subcarriers are calculated fromthe i nfornmation

symbol s Wleu%swdslmt,rl xM¢nex afli, onz s.,%, W, %nd W représédts a WHT
where s = [s s2 M]T, x = [xl , X2

xM | T kg OWheeqsfl@rsMn {igis ave%ﬂmovmnethau the SV HTheatak déithdbrder M
I't IS %{teg&ﬁﬁ?ctgﬁ]ggaﬁqgawe%{oc IX Of the order M

can be constru é“%rocedure 11

VW W W Wk - ----- (8) Wk - W [0063] The main
feature of altrangmtter 402w thﬁ - OFDM syst em
400, as ‘gpﬁ ed .tlo thaﬂVﬁn=E§ﬁvent nal OFBM g8)st em
is a WHT transfo bl ock 404LYhat™ W additional ly

i npl enented to spread the information synbols xk over
the total bandw dth. [0064] The channel 406 is
varyi ng frequency sel ective

b | ow
oy OS] TRe AR TeRhE bR st (20 e Tt@EBM/\msteén 400, as
GaUS%po@éH oh&ten CON onal BRGNS Sst0h, LRewer b(?ocfk 404 that

guard interval with duration Iarger t han t anne

del iaddiiopalty; intjenented torsprdadtties informacbn sﬁﬁ&ﬂé %r @R&Ghe total
[0065] At the receiver 408, a cyclic prefix r efover

410b#dniditbs portions of a

[0064] The channel 406 is assumed to be a slowly varying frequency selective
Rayleigh fading channel corrupted by Additive White Gaussian Noise (AWGN).
Because of the existence of a guard interval with duration larger than the channel

delay spread, there is no inter-symbol interference.

[0065] At the receiver 408, a cyclic prefix remover 410 removes portions of a
received signal corresponding to the cyclic prefix. After that, an FFT of size M is
performed in an FFT module 412. The output vector after FFT, r = TS S L

can be written as:
r=A-s+n=A-W.x+n . ()

where A=diag(y,,,.....¥,,) is the influence of the channel (frequency
domain) on M subcarriers and n is the M-by-1 AWGN vector.



recei ved signal corresponding to the cyclic prefix.

After that, an FFT of size Mis perforned in an FFT
wouo0a23412. The out put vector after FFT, r = poIr8s62002/000194

can be witten as: r=As+n=AW+n ----- (9) where

A=di ag(y,,y2,...,yM is the influence of the channel

(frequency domain) on Msubgarriers and n is the

M by-1 AWGN vector. WO 2004/ 032347 PCT/ SG2002/ 000194
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Therefore, e sane iterative ion st
pr dhié shege ibgrawaedamttibn dchb6® frovidédeyOvinalkod tiEsfor MEBAEDMA as
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frequency domai n equalization (SC FDE) syst em 500 as
anot her exanpl e of a non- MC-CDVA conmmuni cation system
| n [OM7L H1Ghé ildustthisd 2 pOIOr arh singlesaiey fiztjuaney dnmﬁmmqhalmgﬁon

of Che 2R 9% ABLE S PhE oo iR IR e fpnnifon

t r assigintih echidtsthé h{eﬂiodglmlaﬁ@ the snger Blcosdttcthd feclibn 50 may be
synbol s per. bl oack. For bl o as shown in FIG 7,
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bef I
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t helatkaassbdwb O8FIG 7as synhedaretﬁx ishddal by chﬂ!elz pefiy ilrnﬂuled504

f | ect h, f nnel corrupte
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recei ver 506, a cyclic prefix renoval nodul e 510

renmoves the cyclic prefix portion of a received
si dgenesl Amhler theesaelien WiIGT sV stom 400ethe ebaineb H0Sis gssimed to

s R ?o%\qut %ry%?g rfal:cill_legg}gj sellec’mS/c;,L E\a?lmg% fading channel corrupted by
additive white Gaussian noise (AWGN). At the receiver 506, a cyclic prefix

removal module 510 removes the cyclic prefix portion of a received signal. The
remaining portion of the received signal is passed to an FFT module 512 after
performing serial-to-parallel (S/P) conversion in an S/P module 514. The frequency
domain signal from the outputs of the FFT module 512 is first fed to a frequency
domain equalizer 516 and then converted back into the time domain in an IFFT
module 518. Finally decision function is applied in decision modules 520 to get

estimates of original transmitted data.

[0069] It can be seen that, comparing the systems 400, 500 of FIG. 6 and FIG. 7,
the SC-FDE system 500 is actually a subset of PT-OFDM systems where the pre-
transformation is set to FFT instead of WHT as in FIG. 6. Such a system is referred



performng serial-to-parallel (S/P) conversion in an
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Clainms 1. In a receiver of a conmmunication system a
met hod for reducing noise in a transforned signal,
weaim/zanst ormed signal having a plurality of per/gna002/000194
conmponents, said nmethod conprising the steps of.
receiving a transforned signal by a detector of said
communi cation system procdssing said transforned
signal; and reconstructing a predeterm ned nunber of
tinmes, by a reconstructi QQajgedul e, one or nore signa
conponents of said plurality of signal conponents,
sai d reconstructing bei ng based upon said processing
st dp Iroa recéigerstiia aoﬁdmmécauiohsgstém sakthod fanrsfwimgeuabise in a

si gna| e. netho as cl ai wher.e

sala B Sighek 890 sombraetoah begaEp Plfalic OFighat
| dent bérﬂ%{ﬁﬁn@aéaﬂi ﬁ@@lo@%oﬂﬁﬁﬁng h@nadps eeponent s based
upon a channel estimate said pI urality of signal

conponent gecedvingh eranﬁ”t)mmﬁ sagnad: bai deigcionoiGaad eamumunication
wherein s§|d processing step conprises the step of
prOV|d|ﬁ€ estimated signal fromsaid transforned

signal at Quiepsihg ofid naifekndeli@Etaan@nd based upon said
channel estimate. 4. The nethod as clained in Caim 3,

wher ei n sdFePISIRRBES migfeserapnad s of U8 by Sdcqgucting

step of

using a ﬁgirea{)r%rbr%&g g%ﬁm Si angggféa@ﬁ lgpal%gpﬁétlaﬁod

as cl ai rmdpmrm:n@l, ﬂudneéonsnﬂmenm b\emgb&kedi epoérssaddiprocessing step to
processing ste co se p. of soft deci sion

pr ocessﬁ}?gebyée&ﬁﬁé‘o‘::?rg %?&‘fgén ‘Prg}eﬁélfnﬁh d ai m 4,

wherein said decision processing step conprises the

step of hard decision processing. WO 2004/032347
PC?/ Stizoo2hodasigdimegddn Claiffine whetdio am@srogemnmﬂep gomprises the

c id
Che cvatteg et §i ok SPEORH LY COEeRE pERaT g hannet
sign aéstlﬁfateﬁﬁlsdidtpﬂﬁlﬁtﬁf@f Rig€lal components.

3. The method as claimed in Claim 1, wherein said processing step comprises the
step of providing an estimated signal from said transformed signal at output of

said detector and based upon said channel estimate.

4. The method as claimed in Claim 3, wherein said processing step further
comprises the step of decision processing said estimated signal using a plurality

of decision modules.

5. The method as claimed in Claim 4, wherein said decision processing step

comprises the step of soft decision processing,.

6. The method as claimed in Claim 4, wherein said decision processing step

comprises the step of hard decision processing.



signal 8. The nethod as clained in Claim?7, wherein

said reconstructing step further conprises the step
woho@osyi4di ng anot her estimated signal from saPd1/8G2002/000194

reconstructed transforned signal at said output of

said detector and based upon said channel estinmate.

9. The nethod as clained in28l aim8, wherein said

processing step further conprises the step of

dech si L : ¢ : . '

st ig TS A RAES Elee S Bl ClaBHR] ARkl TR FR g iep comprises

met hotheassepod fairomading @ rétomisttu@ed wdnef@med sinal afegidstapsformed

processiqg of said another estimated signal conprises

t he st®BP*of soft decision processing. 11. The net hod

as claimed in CQaim9, wherein said decision

processing of said another estimated signal conprises

t he8.stlbp methodas ¢lagieed i Glaimp 7 owbersinrsgid regonstrhgingestapodirther

as clainmed in Claim9, wmherein sai.d const ructin

step Pubbiies et eutPEatbher A BRRR e

whet hedcosaiu@dtcdnnSform®d sigsdl @nadid 6@pRuTeRidSletddfs ah@Bibed upon

reconstructed said predeterm ned nunber of tines 13.

The nédifighanasl stigialed in O ai m 12, wherein said

reconstructing step further conprises the step of

determ ning whether to process another one or nore

si ghallhe orfodenchinéd 8alClding Buwhdreinysafpredegsiag step further

conmponents. 14. The. pethod as clained in Caim1l13, and.

F UrE nESEaiS e SR b eI o i et TP piena Using
esti madig@dneIgPar ddMioSHBageyent processing when
deternmined that iteration of said another signal

conmponent is not required. WO 2004/ 032347

PCT, 002/,000194. 23. 15 . The nmethod..as clainmed i.n .
Q2O RS RS T i aisd Ao PP e S P icnuipe of said
conpr hs@Bertebemstee PigBhl hiPiséLMNE S oY soTEERNSd protbéssfig.
two or nore of said another one or nore signa

conmponents. 16. The method as clained in Caiml1l3,

whey,ei bl g, i ] ‘o [ .
R AR 93 L SRS ot i
sai d amwhdrestinnmed signal comprises the step of hard decision processing.

12. The method as claimed in Claim 9, wherein said reconstructing step further
comprises the step of determining whether said one or more signal components

has been reconstructed said predetermined number of times

13. The method as claimed in Claim 12, wherein said reconstructing step further
comprises the step of determining whether to process another one or more

signal components of said plurality of signal components.

14. The method as claimed in Claim 13, and further comprising the step of
providing current estimated signal for subsequent processing when determined

that iteration of said another signal component is not required.



nore signal conponents. 17. The nmethod as clained in

Claiml1, wherein said reconstructing step further
woaosas the step of sinultaneously reconstr BCTiSGZ002/000194

two or nore of said one or nore signal conponents.

18. The nethod as clainmed in Caim1l, wherein said

reconstructing step further 23conpri ses the step of

reconstructing, one at a tine, each of said one or
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noise in a transforned signal, said transtforne
havi ngomppbasithd stey of)élrrmltgtmhslgz oerposiartisg teabombace su@ranother
conprising: a SH%@ reconstructing section having: a
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detecf@?ogg?ﬁﬁﬁg BO%3%d transfornmed signal; one or

nore deci si on nodul es, each of said one or nore
deci si on nodul es having an input coupled to output of
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or | one. or
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deci sinfie sigdallcempondis.ei n sai d reconst ructi ng nodul e
is adapted to reconstruct one or nore signal
conponents of said plurality of signal conponents a

pre S
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Caim19, wherein said one or nore decision nodules
conprP§E§$8W508Fmﬂﬂﬁg&hard deci si on nodul es. 21. The
receiver as clained in Caim?20, wherein said one or

nore deci sion nodules further conprises one or nore

sof 18. dde msithod am«blaamne@ in Qlim Thwherepesridmecenstrottiigneep further
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adapt S0P BTt SRR P s ERERE0h & bt one or more
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19. A receiver for reducing noise in a transformed signal, said transformed signal
having a plurality of signal components, said receiver comprising:
a signal reconstructing section having:

a detector for detecting said transformed signal;

one or more decision modules, each of said one or more decision
modules having an input coupled to output of said detector; and

a reconstructing module having one or more inputs, said one or
more inputs being respectively coupled to output of said one or more
decision modules,

wherein said reconstructing module is adapted to reconstruct one
or more signal components of said plurality of signal components a
predetermined number of times to thereby form a noise-reduced

transformed signal.



signal conmponent and a transmtted signal. 23. The

receiver as clainmed in Caim19, wherein said
woecestasact i ng nodul e is adapted to perform PCT/SG2002/000194

si mul t aneous reconstruction of two or nore of said one

or nore signal conponents. 24. The receiver as

claimed in Caim19, wherei®said reconstructing

nodul e is adapted to performreconstruction of said
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transforned signal, said transformed signal having a
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detecti&& sg%&@transforned signal ; one or npre
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detector; and a reconstructing nodul e having one or

nmoré. Thpiscelyerssicthimneé iro€laimmp.ewherpintssidoetangtructing module is

respectively coupled to output of said. one or nore i
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WO 2004/ 032347 PCT/ SG2002/ 000194 25 a predeterni ned

nu -1 r rm a .naise-reduced .
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cl ai neldpled tcChatomPdmuithenes Rcedttctiditoftivod htbre of said one or
deci si on nDdPIes conpri ses one or nore hard deci sion

nodul BEE SR §YRPUGHuNi cati on system as clai ned in

G aim 26, wherein said one or nore decision nodul es
further conprises one or nore soft decision nodul es.
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wher ea'dgptgg ItodperrFo%r%nr%Eornl'slgrltlclzt%% of said one or more signal components signal

components one at a time.

25. A communication system comprising:

a signal reconstructing section for reducing noise in a transformed signal,
said transformed signal having a plurality of signal components, said signal
reconstructing section having:

a detector for detecting said transformed signal;

one or more decision modules, each of said one or more decision
modules having an input coupled to output of said detector; and

a reconstructing module having one or more inputs, said one or
more inputs being respectively coupled to output of said one or more
decision modules,

wherein said reconstructing module is adapted to reconstruct one

or more signal components of said plurality of signal components by



nodul e i s adapted to performreconstructi on based on a
rel ati onship between a received signal conponent and

wea 04ansartt ed signal. 29. The communi cati on SYeTSGR@R/000194
claimed in Caim?25, wherein said reconstructing
nodul e i s adapted to perform sinultaneous
reconstruction of two or no2g& of said one or nore
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one or nore straglﬁ@Fme‘%%E%nents signal components one
at atinme. 31. A signal reconstructing section for a
receiver to reduce noise in a transfornmed signal,
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30. The communication system as claimed in Claim 25, wherein said reconstructing
module is adapted to perform reconstruction of said one or more signal

components signal components one at a time.

31. A signal reconstructing section for a receiver to reduce noise in a transformed
signal, said transformed signal having a plurality of signal components, said
signal reconstructing section comprising:

a detector for detecting said transformed signal;

one or more decision modules, each of said one or more decision
modules having an input coupled to output of said detector;

and

a reconstructing module having one or more inputs, said one or

more inputs being respectively coupled to output of said one or more

decision modules,
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32. The signal reconstructing section as claimed in Claim 31, wherein said one or

more decision modules comprises one or more hard decision modules.

33. The signal reconstructing section as claimed in Claim 32, wherein said one or

more decision modules further comprises one or more soft decision modules.

34. The signal reconstructing section as claimed in Claim 31, wherein said
reconstructing module is adapted to perform reconstruction based on a

relationship between a received signal component and a transmitted signal.

35. The signal reconstructing section as claimed in Claim 31, wherein said
reconstructing module is adapted to perform simultaneous reconstruction of two

or more of said one or more signal components.

36. The signal reconstructing section as claimed in Claim 31, wherein said
reconstructing module is adapted to perform reconstruction of said one or more

signal components signal components one at a time.



