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Field of &fi¢a402)683ky On [0001] The present invention rel a§@fsé&HoslfosR
reduction 1n recelivers of comunication systens. In particular, the
present invention relates to a receiver having a signal reconstructing
section for noise reduction, system and; nethod thereof. Background of the
| nvention [0002] Mobile radio systens have to be highly spectral efficient
to allow high user capacities and high data rates. Multicarrier nodul ation

Corted 1 oAV IR IRy E SIGNAT R CORSIROICHINE SECHONER. .
b1 oadband. LAN SUAMARIDLICHTON, SYSTEMUND MERHORTHERROR £ 10 and.

Mul ti medi a Mobil e Access Conmmuni cations (MVAC) respectively. [0003]
Code-division nmultiple access (CDMA) is a multiplexing techni que where a
nunber of users sinmultaneously aigdsstike Dhv@afieh by nodul ati ng and spreadi ng
their information-bearing signals with pre-assigned signature sequences.
Recent |y, the [ORBhcHptPrevntBvERtinnTglatos tpvneisgrranetiog ipresiverE to provi de a

mul ticarrier &%ﬁ Lani.f e : i sts. (One
maj or advant age o %@%ﬁ@%%%@%ﬁﬁég@hﬂ%ﬁﬂﬁé@ﬁgﬁ %;S;[Q ) ?‘{f e can be
| oner ed for edweNingsudigmal récenstructing sdvtion fior mhdse reduntjen, sgytamaind destiadd on

enabl es easi er qua i - synchronizing of transm ssions in conmunication
systens havi ngth?ﬁ ‘multicarrier CDVA schene. [0004] The nulticarrier CDVA
schenme is categorized into two main groups. One

Background of the Invention
[0002] Mobile radio systems have to be highly spectral efficient to allow high user
capacities and high data rates. Multicarrier modulation realized by orthogonal
frequency division multiplexing (OFDM) is well suited for high data rate
applications in fading channels and has been chosen for several new standards like
digital audio broadcasting (DAB) and broadband LAN standards such as, for
example, HIPERLAN/2, IEEE 802.11 and Multimedia Mobile Access
Communications (MMAC) respectively.

[0003] Code-division multiple access (CDMA) is a multiplexing technique where a
number of users simultaneously access a channel by modulaﬁng 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



group spreads an original data streamin the tine domain such as _
mul ticarrier 13FEa7GL WD 2004/ 032347 PCT/ SG002/ 000194 2 18i%8di7sequence

(DS) - CDVA | ~tone (MI) CDVA. The latter group per
spr eadi ng @Qéﬁ’%%%“i n the frequency domain, transmtti ngkg{sﬁ?(%@&l%i ps of

a spread synbol at the sane tine, but in different orthogonal sub-channels.
Comruni cation systens in the latter groyp are comonly referred to as MC-
CDMA conmuni cation systenms. FIG 1 is a“general block diagram of a prior

art MC- CDVA coamund cati on 10 havi.ng a.tr mtter 12 and a receiver
14. A channel “18° e&W’&%es(@' fndgp ﬁt%%@qgigﬁé\@&s'f%&q@ ¥ Phe

transm tted frggforkdi&hé g@@mé Bﬁérat}tﬁ'x ihQnd ﬁgc%l{egl%g&yrﬁéin é@fg@é@alpﬁgc esses

recei ved signal input 1 corresponding to mitte 005]
Vari ous det ect oiips p&w sprvadsynphal pbthe darae imenhityin diffdrent oG goBMAub-channels.

conmmuni cati on stens. .For exanple, .in "Perfornmance of OFDM. f or
mobi | e comuni @éﬁ%‘ﬁu%@fl& em.ngh&f” @%r Em%fﬂrﬁtﬁamyéffﬁ?%f@ﬁé I

Uni versal  Per eDMA doaiftbAnisp§temé. FEEPC)s a Péherad bRocR fhgrah? 9B pifor drgz €l
descri bes an ogtl mal Maxi mum Li kel i hood Detector (M.D).” However, as

conpl exi ty gr oMC-Ca Y éneaminunicstion systemhld havingss trafsmitserrl and hecckver th be
used only for er of interferi users. This difficul led to
t he consi der at ?%%’Egilfks%%y g% P SRR H‘SB@’P %@PI@BPISF%& %%Péﬁmgq%r#b‘%/%r
detectors i ncl dedardngmitter @ito tHeao&ivirng, Wﬁﬁ@O&%@%@fV@?\/ﬁ}gﬁéﬂiimﬁat io
Conbi ni ng (MRC) detectors, M ninmum Mean Square Error ( E) conbi ni ng
detectors, Ml FPUessepdipgteuensmitigdaimials.or i nterference cancel | ati on,
Orthogonal ity Restoring Combining (ORC) detectors, and ORC with Threshold
(TORC) detectors that is also known as controlled equalization. [0006] O
t he above det e{008]s Vadiohy detectGiRGavdebantm@opasadart iglized edriMeldDimat e

mul ti-user i ntgg&g&g&g&oggdtthe%e is no error floor in the bit-error-rate

( BER) ystems. For example, in *“Performance of CDMA/OFDM for
mobile communication systems” [2™ IEEE International Conference on Universal
Personal Communications (ICUPC), pp. 975-979, 1993] K. Fazel describes an
optimal Maximum Likelihood Detector (MLD). However, as complexity grows
exponentially with the number of users, the MLD can be used only for a small
number of interfering users. This difficulty led to the consideration of sub-optimal
but simpler detectors. Such simpler detectors include Equal Gain Combining
(EGC) detectors, Maximum Ratio Combining (MRC) detectors, Minimum Mean
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



per formance. However, noi se conponents are anplified at weaker subcarriers
in a receiver having the ORC detector. The weaker a subcarmifg,jghe hi gher
the noi se wagpl4ehazat i on of that subcarrier. To address pBrRcRi09BOAEM TORC
detectors are proposed to suppress excessive noise by setting a threshold
for signal anplitudes. Conponents corresponding to weaker subcarriers that
have anplitudes smaller than 13 FEB 2007; WO 2004/ 032347 PCT/ SG2002/ 000194 .
3 the threshold are discarded. Noise level is reduced with rising

th hold in t t ect f k.,sub [ .
accept od. Howe iy DIRATISFER e RISl A AT 5Tt ks R s

destroyed and, TORGS detdeinof bivaukdHeHet Vel SbcafREHrE Sece d.@&\ﬁev%léqu&f ORErs are
di scarded, the interference that is introduced 1ncreases. BER depends on

noi se | evel as dgertory erthegonalityeofisignatacis destroyed ande corseaqrently, inerfespeci al | y

responsi bl e for o) 0, nigh signglsto-.noise rati 0s.(SNR)., [ 0007]
Consi deri ng botrﬁﬁgcg 'f‘%sclﬁ]ls)%o%ubgé(rggg%r?/éls%g?%deE‘?H‘B‘ieff%e&%et‘i&‘@ Sé‘ﬁ{fui“%ﬁder fer ence,
an MVBE det ect dincres9 BBR d€enBebna6Re IHESA Wwollasthd RedrferendberheRiesereh&yel i's
| ow (higher SNR), the MVBE detector works simlarly to ORC detector to

recover ort hodofReFIRNY raspensitle foyerror fippeat high signal-toratisé wting GANR). oner SNR)
the MVSE detector reduces the noise. In this way, the MVSE detector can
suppress the excessive noise anplification without error floor in the high

SNR regi on. Ho#oeer Considstinpbethrefiocinl etcdssvamisise dnfislifvibn alef iakkRfenagld t he

optimal M.D det eg\a%ﬁ%& still quite |arge. [0008] Therefore, a need

clearly exists?a® CEIRIRMPERBISEbetRen these tepichfeats. Whire aaise leaelisi se

anplification Qfw\Eiake 'EHé}%?S' ' '

particul ar when I\/\cl\/%g m et ecljt5 g?tg&gfggﬂ(ggﬁq}#}%ﬁeﬁlﬁ@% tr%ergceolv\?rer.

Furthernore, s@tthogonality EDMEst wsses. Weiensivisel leveh istighniomecSNRY, chel ISBASE

W t hout substantjally increasing.c | exi conpared wth existing MC

CDMA r ecei ver sra%ae\?{oﬁéedﬂﬁﬁ 8?8’8?’&?3}?@ way, il MR deteclor can suppress the )
excessive noise amplification without error floor in the high SNR region. However,

system performance between the MMSE detector and the optimal MLD detector is
still quite large. |

[0008] Therefore, a need clearly exists for an MC-CDMA receiver that alleviates
excessive noise amplification of weak subcarriers in general and interference in
particular when MMSE or TORC detectors are used in the MC-CDMA receiver.
Furthermore, such an MC-CDMA receiver 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.



Summary of the Invention [0009] The present invention seeks to provide a
signal reconstructing section, a receiver having the signall3rfé dbt ructi ng

section, awﬁgm'bgﬁti on system having the receiver andP?ggg;%&?ﬂoJlg‘{

reducing norse 1n a transfornmed signal using the signal structing
section in accordance with a preferred enbodi nent of the invention. 1 3
FEB 2007 WD 2004/ 032347 PCT/ SG002/ 000194 4 [0010] Accordingly, in one
aspect, the present invention provides, In a receiver of a communication
system a neth ﬂmfi)r reducing, noise in a transfornmed signal, the

t ransf or med sig JPT HASRORGalypin ang askest: dhe RiesmmhInvesiignanevides, intarecoiueriofd
conprising theofi@Rs " iyl . signhal . b .detect or of
t he communi cati on syg%ﬁjs&%?%éée(g{s%?lﬁg f{){%aﬁ‘%g%g&g? We%tr Sﬁ’ﬁéf"?“g%?hn‘ €

reconst ruct i ng tigngfosried eignalrieingurghenlityf oftsignabconiorents SEORSIHY ebinPAsing
nodul e, one or HDLe signal conmponents of the plurality of signal
conponents, the et ruct i ng bei ng based upon the processing step to

t hereby reduce noise i fecklign gﬁgﬁi&ﬁ@g@g%ﬁl det%&ngz;f]thé Q2hot b IogaspeCt ,

the present invention provides a receiv reduci ng  noi se |
transformed signal, syBlem;ransformed signal having a plurality of signal

conponents, the receiver comprising.. a Si naL reconstructing section
havi ng: a detector f or PRS Seggf)%thahf’ﬁ%owegﬁg@@’ned signal; one or nore
deci si on nodul es, eachaf the one or nore decision nodules having an input

coupl ed to output of the detector,; ) _
reconstructing a predetermined number of times, by a reconstructing

module, one or more signal components of the plurality of signal
components, the reconstructing being based upon the processing step to

thereby reduce noise in the transformed signal.

[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:



and a reconstructing nodul e having one or nore inputs, the one or nore
i nputs being respectively coupled to output of the one or Py Erp ﬁgz:l si on
bl

nodul es, %ﬁr&ﬁd@g%gnreconstructi ng nodul e is adapted to rgﬁéglz 54 one

or nore sig ents of the plurality of signal conﬁ
predet erm ned nunber of times to thereby forma noi se-reduced transforned
signal. [0012] In yet another aspect, t present invention provides a
comuni cation systemconprising: 1 3 FEB 2007 WO 2004/ 032347

PCT/ SG2002/ 000194 5 gssi nal reconstructing section for reducing noise in
a transformed signal ,® SERE FrNEEISSacIfabredueing Aeisaing wansformed signalj gnal
conmponents; the si ga® tradsfiRRaS{pAGHH Q'Hl%%ﬁﬁ' | 300t JeL e GhOL 19T
detecting the transfornmed si gnalggri or?e r m%frag{}d%%ly@?g%onﬁ%)&ﬁw% CAEN of the
one or nore deci si offconpgftiipting seaiionhgviapg: i nput coupl ed to out put of the
detector; and a reconstruct,in dul e having one or nore inputs, the one
or nmore inputs being resp%gﬁe&BF&rgS’ﬁﬁtF%ﬁl?ga%ﬁ?rmﬂdSéﬁnaishe one or nore

deci si on nodul es, wherein 6ﬂiﬁ€oﬁrﬁ6ﬂér@fé§i§iéﬁtrﬁ&%%eg}t)%gﬁ‘gf{h% O?Q%f;fng& %ﬁgigSir?éll

reconstruct one or nore signal conponents ural it

conponents by a predet eftadulas havingen ingfut couplsi i outpheoihy déwecior;a

noi se-reduced transformed_ sjgnal. [0013] In still another aspect, the
present invention provides a signal reconstructing

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.

[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 cdmponents by

a predetermined number of times to thereby form a noise-reduced
transformed signal.



section for a receiver to reduce noise in a transforned signal, the
transformed signal having a plurality of signal conponentsjjfpegygnal

reconst r UGk hHRghaR[sLHON conprising: a detector for det ec},'b?%(ﬁ@gmm%
transforned signal; one or nore decision nodules, each o € one or nore

deci sion nodul es having an input coupled to output of the detector; and a
reconstructing nodul e having one or nor & i nputs, the one or nore inputs
bei ng respectively coupled to output of the one or nore decision nodules,
wherein the reconstructing nstruct one or nore

dule is ada d.to reco

si gnal conponents of the pl ﬁ&%‘*ﬁ“&?‘%@ﬁ e igsiegtent s by a predet er ni ned
nunber of ti ; (£SBs s LA 1 . 13 FEB
2007 VIO 2004705554 PTG SEb T eI bR S SRR IR IR Sl nos
[0014] A pr ef cindegnatietivith ptiondrt,thyevayr efSampley withtreforenéesto iy drawidgs pf
described and 1%olg.trasted with prior art, by way of exanple, with reference
to the draw ng‘g 8 which: [0015] FIG 1 is a general block diagramof a
prior art MC-CDMA conmuni cation systemhaving a transmtting section and a

receiving section; 1|L0016.] FIG 2 is a general block diagramof a signal
reconst ruct i ndo&®tt§Ieh g5 agensralddockediagram of aquivrartiMEiGIM Asypateuni¢ation

accordance wt .eferred. odi.nment ; 0017] FI.G 3 is a flow chart of
a nethod for i gtﬁeg}\e?a\%f a#ratgggﬁﬁgsg%}ogearﬁdﬁ%cm}up A&¥8Pred signal received
by the signal reconstructing section of FIG 2; [0018] FIG 4A shows graphs
of BER vs. SNR of the transforned signal processed ) .

[0016] FIG. 2 is a general block diagram of a signal reconstructing section of a

receiver for a communication system in accordance with the preferred embodiment;

[0017] FIG. 3 is a flow chart of a method for iteratively reducing noise in a

transformed signal received by the signal reconstructing section of FIG. 2;

[oo18] FIG. 4A shows graphs of BER vs. SNR of the transformed signal processed
by the signal reconstructing section of FIG. 2 based upon bard 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 based upon hard deci sion
conpared w th conventional ORC detectors; [0019] FIG 4B a@q\@g zgmaphs of
i

BER vs. S ransfornmed signal processed by the gj
reconstruwp%émzog%ﬁison of FIG 2 based upon clipping funi’tc %&Eooglg%gﬁ ed

wi th conventional ORC detectors; [0020] FIG 4C shows graphs of BER vs. SNR
of the transforned signal processed by.}he signal reconstructing section
of FIG 2, having a | ower bound of BER, ’assum ng correct decisions
conpared with converiﬁi onal ORC detectors; and [0021] FIG 5 shows graphs of
BER vs SNR of t#fi#2l s as argencerl bleok dingsem of e grionyrt Wadshdilatasard

reconstructingy [ I X i.th.conventional MVBE
detectors. 13 Fﬁ%@%%@ﬁ%%%ﬁ%@%ﬂ 000194 7 [0022] FIG 6
is a general block diagramof a prior art Wal sh Hadamard transformed OFDM
(WHT- OFDM) sys Q023] FI .S a general block diagramof a prior
art single car ﬁ[&g}] &&gq&éﬁﬁﬁln%%q% dizgnamniof aprighart siogleoayrier Eeqoney |
Det ai | ed Descr idBHaﬁPe@IaliEﬁﬁm%@‘i‘ﬁﬁEﬁeLQQ@ﬁ] A signal reconstructing

a

section, a receiver having the sign reconstructing section, a
comuni cati on system having the receiver and a nethod for reducing noise

in a transforned signal usi t, signal, reconstructing section in

accordance wth a preferreﬁgs’r\%gaeﬁ&r\?mﬁﬁoﬁﬁé%rﬁV&ﬁsi on are described. In
the foll owing [etRALTA BighMtecsRirabng sREforPh PefRr ' Sriiager r ed
enbodi ment. It shall ngh appar ent n:go one’sE?leﬁgdh%‘ﬁn?ﬁ%%grnt, e%cglweve@, t hat

the invention AéSHidseaspmmunication 9ystdmobiavisg the reeeiair had a Swihddbr fetheciez det ai | s
nmay hot be desgpi .s0.,as. ngt .to.obscure.the i.nventio

| . [ 0025
There are many acf\g zﬁ? 3‘%8?%%?5 F1B1A! NV LR dheoTienabrrs OB b Srstinh 1y ar‘f8°rgan°[e ]

with a preferred embodiment of the invention are described. In the following
description, details are provided to describe the preferred embodiment. It shall be
apparent to one skilled in the art, however, that the invention may be practiced

without such details. Some of these details may not be described at length so as not

to obscure the invention.

[0025] There are many advantages of the invention. One advantage of the
invention is that replacing at least one weak 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.



invention is that replacing at | east one weak signal conponent of the
transformed signal with corresponding at |east one reconstf8d€ERdigi gnal
conponent- eduction of noise anplification fro '

conponent s‘%ggdr@éﬁﬁ ntly, a noise-reduced transforned &gﬁ%ﬁzﬁﬁ%ﬂ%%ned
after replacenent of the at | east one weak signal conponent. [0026]

Anot her advantage of the invention'is that there is no error floor at high
signal -to-noise ratios (SNR) when appli éd with conventional detectors such
as ORC detectors due to absence of interference. This is because no signal
conponent is mhard¥eeshoind atiertagfearfehomyvemdipansthat the ofetlxidgs simploiefdp¥nt s of
the transformed, signal .is not _ destroyed. sequent | it error.rate
(BER) is i nmpr oWaBoy qomylex uppLpe Wcﬁ‘ﬂﬁ“ﬁ?’?ﬁ%@%@?’i rf:gpnﬁé? Werance of

a detector of i r ' : WO
004/ 030947 pCEel 585 Pe sl A EI%{%‘%& SEAEnER ﬁ%@%ﬁ%ﬁt@%% t he

invention is tMatrefdre, impldnomhtatongifiid method apthe pignal rebanstrugingseeionlogs
t edi ous processing. Furtherpore,..the sjgnal reconstructing section can be
appl i ed using, ™4 ﬂlj‘r%flh’éran{{ai le,on@o%\?’lé%ﬂ’?ﬂé‘fa%&et ectors. Therefore,
I npl ementation of the nethod or the signal reconstructing section does not

require substantial additional costs or overheads. [0028] A further

advant age of t lf@2Bhvefirihonadventageof thednweintjomis thatdemsignal sqdongfrustipg pHoOR | s
not restricted.to nulticarrief. co nication s ' le to
many ot her coftRgHt sﬁ??%‘ﬁ os‘%{tlgﬁ%{ggu%rﬁmgéfcgg%nr ég’%éeglgg)lug%%r - %raglgg# f(:I)lr8 d
OFDM ( PT-  OFDMoiieg kbslirigicdtion SFstdvls sl a§Cofddandls bermansf@Mi2dOBDMI(BT+ o be
noted that signal conponents-in the follow ng description is not

restricted to QFéMcmﬁlluéH%iWroﬁgﬁ@i%ﬁSﬂTED%ﬁV@ﬁ‘%‘F-on applies to any donain
(frequency, tinme, space, etc.) in which a signal is transfornmable and

dividable into signal components. Hence, in the frequency domain, each
si gnal conponernoo29p|Taises be noted that signal components-in the following description is not

restricted to a specific signal domain. The invention applies to any domain
(frequency, time, space, etc.) in which a signal is transformable and dividable into
signal components. Hence, in the frequency domain, each signal component relates
to a single frequency bin in a single carrier communication system or, in a
multicarrier CDMA communication system, each signal component relates to a
single subcarrier of a spread signal that has a plurality of subcarriess. In a different

domain such as the time domain, a signal component relates to, for example, a chip.

{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 frequehcy
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 2 K to ensure orthogonality
between each other. For each user k (k=1,2...K), Quadrature Phase Shift Keying

(QPSK) modulated data sequence x! =+1ti, t=172,-.. is first converted into P

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

. _ T
corresponding WH codes of user k, €« =[Ci>Cos++sCpopl , Where



to a single frequency bin in a single carrier comrunication systemor, in a

mul ticarrier CDVMA communi cation system each signal corrpone(’ﬂ} Fgg;g es to a
G2 154 €7 s.

single sut;\ﬁarzp(h%rzﬁf, a spread signal that has a plurali U Y% cls
In a differen aorrai n such as the tinme domain, a signal conponent Telates

to, for exanple, a chip. [0030] In the follow ng description, an MC CDVA
communi cation systemin which K active users are transmtting '
si mul t aneousl y and synchronously is useé) illustratively. As such, the
signal conponents in this description relate to one or nore subcarriers of
a spread si gnalnafidl erdfod& 84 d¢ denases Hanspose ReerriosqhBeropmbiieawith
Signals fromthe K actiye users are processed for transm ssion by the
transmtting sQHEr BFr:2ldt x Fgarallel dpfp seanenensase mepnedeonto Mct PudP@sers are

Wal sh- Hadamar ¢J; T i ng.fagtor. RG.2 K t sure
orthogonal ity q%%%eﬁﬁg@ﬁwg% Eé@p&ﬁ%ﬁ&ﬁ%c e §‘§m&m(‘§:liv“i.se. 19 %fl?ouﬂ?ﬁdr ature
Phase Shift Kelramgforta@PBRY). Thelphratleldimiatiomangueare ¢ cohvertel itd setial and | S
first converte intacr .Plaral | el sequences, and then each sequence is
spread onto PGIEMFEEsd wWitha eyardygterval o pyedisameliznke fone trasratitieg onbe chaonelc,
|Gk, Ck .,ChRgk , where 13 FEB 2007 WD 2004/ 032347 PCT/ S&002/000194 9
cnk =1, na=1 ... PGand 't' denotes transpose operator. After conbi ning
with other users, all P x PG parallel data sequences are napped onto M= P

x PG avail abl bcarci er nd transforped into_ tinme domain by Inverse
Fast Fouri er ﬁ)ro gﬁsﬁ%ﬁ‘ﬁ‘%‘fﬁﬁ% notgien and-without lass pfeensrality, oge ghtie Pigoyn r st

converted i nt osigA4ls @hat & an: e I | pary cyclic
sigRsls @at skl ROSHRH u&rf&%‘g%%glf%?h‘%{ ya! pen

prefix before transmtting on the channel d'sinplify the
notation and wWthadiC Dodkthesametimedhs supersoript ‘6fmayhalsibeydopped inithyndats t hat

is- transmtte ach .yser. i s considere ereafter, i.e. P =1 (M= PG).
At the sanme ti rgr%&&t%ﬁ% %u&gﬁeé?’iep% Slg?a tWB?fn%ﬁegb“ ferayens flomein efope IEFT)
S =[5,,55,...,5,,]" may be represented as:
s=C-x - (1)
where C=[c,c,,...,¢, ] is the WH code matrix for all K active users and

X=[X,%,...,% 1"

[0032] The channel 16 is assumed to be a slowly varying frequency 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 FET, r = [%5F5s..,1, 1", referring to a transformed signal,
can be written as

r=As+n=A-C:x4+n e )

where A =diag(y,,¥,,-..,Y,,) is the influence of the channel (frequency

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



sequence xk . Therefore, a signal transmitted in the frequency domain
(before IFFT) s =1[s, , S21' ._,sM]T may be represented asirm {C X

----- (1) %%@%6%7[5%02 ...,C] is the WH code matrix fQisBhdao 01@ tei \élle

users and .., XK 10032] The channel 16 is assuned t
slowy varying frequency sel ective Rayleigh fading channel corrupted by
additive white Gaussi an noise (AWEGN). There is no inter-synbol

i nterference because of the existence otla guard interval wth duration
| arger than the channel del ay spread. [0033] At the receiver 14 for each

user, sanples B34 T%é@ﬁevtefae)éiggnbaﬂewf eths orier #HORCodatersors yemeves pref i x are
h . FF ' ' h
arter rer Yy CldfertiRunddsrdite iy Hiehithally SRR OiPbely, TB B’ o1 Gral

can be writt ensigsalfcompBnerts or subcatiershavi torbéweighted with) thekisese ALa chaagelyi |
y2,..., YM is the iq&#ye ce of the channel (frequency domain) on M
subcarriers an8aH% oligwed dxmnltiplientianeedithe matiiy: FEB 2007 WO 2004/ 032347
PCT/ SG2002/ 000194 10 [003“4}x To detect the signal after FFT, the prior art
ORC det ectors renov&=G'nAl F€endiegdfmrigss,. difor ent-—-i @hor mat i on synmbol s
conpletely. To do so, the signal conponents or subcarriers have to be

wei ghted with the inverse of a channel matrix, followed by nultiplication
of the matrix: AS wedg subparnriers @re aamplgfied with highygain, such /mweqk subcarrigrs) As

weak subcarriecs are anmpli.fied. w.th _ hi in, such weak subcarriers
i ntroduce a hi _b’ﬁrrq({é‘?gla %gmf:ﬁ‘f%.ofmﬂlsq-ﬁ{]ﬂggtﬁgarsea%emmrﬂ%a%rqfi AR or s
are noise- i mMygdiimited.

[0035} For prior art MMS_E detectors, the signal is detected based on MMSE
criterion, which is that an error must be orthogonal to all components of received

subcarriers. Therefore, a weighting matrix for MMSE can be represented as:
G=C"-4=C" diag(B,,B,....8,) - @

where B, =Y;/(K'[lez+02), m=1,...,M,c? is the noise power and

“** denotes conjugate operation. It is to be noted that for weak sub-carriers with

small ¥,,, 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



[ 0035] For prior art MVBE detectors, the signal is detected based on MVSE
criterion, which is that an error nust be orthogonal to all nts of
it

recei ved rriers. Therefore, a weighting matrix for

represent e\%ﬂ%@@/ﬁésﬁd a =CIr diag(13,, 132 ...,%M ---P% §4e 18, =
Yn, /(K 1lym12 + a 2), m=1, ..., M a 2 is the noise power and denotes:
conjugate operation. It is to be noted,that for weak sub-carriers with
small y., 13,,, is small to avoi d the &kcessive noise anplification. Wile

for strong subcarriers with large y,n , iS in proportion to the inverse

P.
of the subcar ekempliftsdcnthreendseistonanedwes J4p, 54b, f4c, rad » vesensruchrgBRANE t v

anongst users...[.003 Referri QW . to FI G a i . si gnal
reconstructi né%ﬁﬁ c?%%ctc_)r %ﬁf‘r’g%’ f;)rlﬁé%rgplgee}n (Rﬁgt az@%ﬂg&%l\?ﬂ/@%ﬁﬁ%dﬁf a
comuni cati on system (not shown) in accordance with the preferred

enbodinent is illustrated. In describing the preferred enbodi nent,
el ements wi t h [@38lokash of theclerisiongnedulesd4ds assoeiated Mathariser #ndrhse Pl DYt ar e

di sti ngui shed i nonscapi tal i I 003 e Sl
Feconstruct i g ae: BRGNS s 68r BBl 37 BN milRaRE R Re,
transformed sidgéigion ndtuldyast is efthdthatd degisidn Grlahwaibinatios of btk hard deoision
deci si on nodul es 13 FEB M7 WD 2004/ 032347 PCT/ S&002/000194 11

exenpl i fi ed byn{ el decision sprespbigningdumdigns.54h, 54c, and a reconstructing
nodul e 56. The detector 52 can be, for exanple, an ORC, a TORC or an MVBE
detector. [0038] Each of the decision nodules 54 is associated with a user
and has an i njoa39] Shetrbednstractipupbdde 5® haudreut n6de ofputsto? rdgecittelyr 52.

Deci si on processing by the = deci sion nodyl es is eith rd degj sion or
a conbi nati on SFPIERINCWRRGO e ﬁmsw%@ﬁglsﬁ 52 e gé%ﬁf%&caefﬁfbepi ng
functions. [ 0Q3nstHiGideShOMAL 586hd ﬁ%é%ﬂt?G%Wc%@ﬁeé}ion&ﬁ%@o themles 62
respectively coupled to output 64 of the decision nodul’es 54. Three inputs
62a, 62b, 62¢c ofdetismn meddesida,feibi g arrotlusteatielydndicated weFloulput s 64a, 64b, 64c
corresponding to the three

[0040] The reconstructing module 56 is adapted to reconstruct one or more

subcarriers of the plurality of subcarriers a predetermined number of times to

thereby reduce noise in the transformed signal. Reconstruction of a subcartier is

based on a relationship between a received signal component and a transmitted

signal. Subcarriers for reconstructing are identified based upon channel parameters.

In the preferred embodiment of'the invention, the channel parameters are channel

amplitudes of the plurality of subcarriers, which is obtained from a channel

estimation module (not shown) of the receiver 14,

[0041] To descpribe processing within the signal reconstructing section 50 in more

"~ detail, referelice 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.



deci si on nodul es 54a, 54b, 54c are illustratively indicated in angg 2. [0040]
The reconstructing nodule 56 is adapted to reconstruct one ard fesr 807
subcarri er lurality of subcarriers a predeterm f tinmes
to ther eb@(’?‘@%@??‘ﬂoi se in the transforned signal. Recoﬁgﬁs%g@)gﬁl%f a
subcarrier is based on a relationship between a received signal conponent
and a transmitted signal. Subcarriers for reconstructing are identified
based upon channel paraneters. 1In the 1Breferred enbodi ment of the

invention, the channel paraneters are channel anplitudes of the plurality
of subcarri er 4004zhi The method 1 60 steds at den H2:Afenwhich testransiirived signad$ e (not

shown) of the geiyver 14 [.00411 Tq d i be progcessing within the signal
reconstructi ng;eseéc?di %ﬁte@é%&y%? éetecgg{ %S‘ﬁ,rhe 58?5%5?@ @pghseg ﬁ%‘W%‘H‘é{ to the
flowchart of Flefectidn klicH as, FdreshmpleCORE FNVIVGE, tol8iRaihQh esiRHME bhgedhiti B t hat
is introduced by anplification of weak subcarriers in the transforned
signal . To sinid efsﬁnﬁ&sxw@gﬂaeﬂpﬂfviddderrdﬂem&qﬁngf@ﬁne@sigmq{ QerSiukhe
conponent or subcarrier is used as an exanple in the following. However, it
is to be not eslitpia0 dfties det€storSX based tisurt xBf= ¢ he? rahbreds IDGvgeneyadtiones t he
single subcarrier as one or nore subcarriers, 13 FEB 2007 WO 2004/ 032347
PCT/ SG2002/ 00039 #r BRC jopeqptiont) fve MMEE 200 rEt mnt is the oxgiagl twosformeder whi ch
t he transforng | i recei ved at step 104 by the detector 52. The
detector 52 apsg?f'%gy%i ﬁ%%ﬁ?%%%‘ﬁtwrbl@‘ecti on such as, for exanple, ORC or
MVSE, to obtain an estimate of vector x . The estimate X() is then
provided fromthe transfornmed signal at step 106 at the output 60 of the
det ect or 52 bal@e4pl yPesseafter, thexmethod)100\gratirueswith dgrision nrecesgin@tieon  (3) for

Sonal a- oxpr Sustilpd Sneh iy ?ﬁ?@""f‘ﬁ%ﬂ? S 2,198 AR e SRR TR
conti nues wi t hissbtimdaficpdedsies i =tbex Vg swheratsped( 5 btgnd fodéoigort he deci si on

nodul es 54 at step 108 and the estinated signal
processing function.

[0044] A subcarrier is then identified from the plurality of subcarriers at step 110

based upon the channel parameter. The identified subcarrier is the weakest

subcarrier with the smallest channel coefficient 74,» %o € {L...,M}),

[0045] 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,
%, is used to reconstruct the signal component corresponding to a subcarrier i,

of the transformed signal based on:

}A‘io = yio .CiD _i(O) _____ (5)

where C;; denotes the iyth row of C. Then the transformed signal is reconstructed
by replacing the iyth element of r® with 7, . From equation (5), it is noted that the

noise power of the reconstructed subcarrier, after multiplying with /Y4, , depends

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



I's obtained after decision i() = dec(x'"'), where dec(.) stands for decision
processing function. [0044] A subcarrier is then identified]frppyhe
plurality subcarriers at step 110 based upon the chap er. The
i denti fi eﬁéﬁ%’é}é??ﬁér is the weakest subcarrier with tﬁggﬁhﬁ?q%@w%hannel
coefficient Yio, io E{1,...,M ). [0045] Based upon the decision
processi ng, one signal conponent of the,_transforned signal corresponding:
to the subcarrier that is identified islfhen reconstructed at step 112 by
the reconstructing nodule 56 to provide a noise- reduced transformned

signal . | n ot héhe reomdgucied sigaaltdofrioaent(7; v Beimor-fise, &bt flodeat Middigh sigra)- , i S
used to reconstruct the signal conponent corresponding to a subcarrier i

of the transf otomdssiatindSNRyswHichis critidal & c6nBnunidation sy$tdndrelated-to tied) wher e
C, 0 denotes the ith row of C Then the ;5)ansfor med signal is reconstructed
by replacing t Res¢rtinventapmogielangentsgfi ¥ Rire detetechenreeqtinaftercopgintional | s

ted that th | f. th t ted sub Jer, aft .
mul i pl yi ng wi SRS, TR S R pOvssy of e Sjbearist g 2t pnitibpie wn B o 1 ¢

t he deci sions i e I rrect, 13 FEB.,20 VWO, 2004/ 032347
bet 55002 000153 M T dripfedndlehdles gt e ity SB%"@B&H’ER%“%?’?‘? rqplacing -
error-free. Fopoomsigrabhtempartbnty ¢ffthé irgiddrmedGignell sueh sAtdisy LBdRerswhitigh i s
critical in conmunication systens related to the present invention, nost
el enents of i (8‘5“%P\ébcagff‘éévlﬁaowrr@@ne|r9coatﬁﬁr@tedo8@hﬁﬂémrs Hiraeby nfevidesa on.
Thus, the nois )\ i ¢ [ Lplyi | 1lly; is
| ess than the g“r)rig‘lg\ifﬁugg& tﬁ%&g%é%%v%ﬂag ?{aﬁ,ﬁga@;)nﬁag{tog%%égﬁp ?{%I@téﬁ?gr}ef ore,
repl aci ng pooimpioyesadvecahpsieanparfainahbecdmpaaf 0rredghiaytaisfaued sigalnoi sy
subcarriers or,the worst subcarrier with one or nore reconstructed
subcarriers t hBFORSARTSGHEYCON. noi se- r educed transformed signal that, as
an input to conventional detectors, inproves overall system perfornance

conpared to an original transfornmed signal
[0046] Another estimated signal is then provided from the reconstructed signal at

step 114 at the output 60 of the detector 52. Step 114 is similar in function to step

106. Such another estimated signal is then decision processed at step 116 using the

decision modules 54. Step 116 is similar in function to step 108.

[0047] At decision step 118, the method 100 uses a counter to determine whether
the subcarrier has been reconstructed the predetermined number of times. For a
“Yes’ following the decision step 118, the method 100 proceeds to decision step
120 to determine whether to iterate the above processing steps for another
subcarrier. Otherwise, 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



before any reconstruction. [0046] Another estimated signal is then provided
fromthe reconstructed signal at:- step 114 at the output 6010ffES 37 det ect or
52. Step ' |jilar in function to step 106. Such a I At ed

si gnal is%%éé%ﬁﬁz%gZion processed at step 116 using the p@@@&épgﬁh#%gules
54. Step 116 is simlar in function to step 108. [0047] At decision step
118, the nethod 100 uses a counter to ﬂ_ternine whet her the subcarrier has
been reconstructed the predeternm ned n er of tinmes. For a Yes

followi ng the decjsion step 118, the nethod 100 proceeds to decision step

120 to det er miSRP Wifdiorspbseguant prosessing it sigpdoe Thetralien thegnathedh 00 &ds ghot her
subcarrier. O ] ~NQ" he1g the decision step 118, the

met hod 100 ret rtr?s4 gog'?ﬂegpﬁifg&’tl%ggé%g\%?’ruct t he subcarrier another tine.
[ 0048] At decision step 120, the nethod 100 determ nes whether to process

anot her subcarrier according to the identif infg step 110, the

- reconst ruct i nd?¥4% pneash susequest orpdompbepd miallowing ad&es’ drem thsr ocessi ng
step 116, and ; .S : s 3Byt oof HToRS Wal ci sion
Step 120, the SSRIAHBLAD abe: stblaribll iafuftf omt BN HARAILE S DL Ty
anot her subcarsubearribmsddheiploralitthef subearriets apstepivEd Based uprhihe whamel f or a * No'
foll owi ng the decision step 120, the nethod 100 proceeds to provide a
current esti nmeR%EYEEY AR tope Bpled that By Brbecagrier .t isthe Weakgesubsagiergp Sicessi ng
13 FEB 2007 WD 2004/032347 PCT/SG2002/000194 14 step 116 for subsequent
processi ng at $mapingpnidepifiesgubenrriers abiteratioron o @6 wndweakest sybegsriarn 4

follow ng the providing,st 2. 004 I,n ch subsequent. i.terati
nunbered in foﬁ%%sﬁg’egﬂurﬁ& ojffzs}l%cr?hﬂ%gﬂh&mg e(&l% %ﬁ){&atgﬁg} HEp 1£
subcarrier is badedbn bigediohn(O)whasEidihiek i rhtedtdald Fct0” STHeGadthdEdontifhest he
plurality of subcarriers at step 110 based _upon the channel paranmeter. It
is to be not ed™tHat Nohissmeljp teegten E30 gs desqribed hereipbsfoset subcarrier in the
remai ni ng unidentified subcarriers at iteration in or the mh weakest
subcarrier ‘

[0050] It should be noted that the identifying step 110 may be performed earlier in
the method 100. Accordingly, each of the plurality of subcarriers can be identified
and ranked in an order that is based upon channel amplitude before the providing

step 106 as long as the receiver 14 has performed the channel estimation.

[0051] Also, the identifying step 110, the reconstructing step 112, the decision step
118, and the decision step 120 described in the above description of the method 100
are for processing and reconstructing one subcarrier for each iteration. In other
words, for reconstructing one or more subcarriers, 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



anongst the plurality of subcarriers. The transforned si gna{e EFQBOJ#] ated in
step 112 based on equation (5) where the index is "nf inst % - '0". The

met hod co%&e)%(ﬁ@aggftil a No' is nmet in the step 120 asr@?@&Edo?@@l%

her ei nbef or It should- be noted that the identiTying s 110
maybe perforned earlier in the nmethod 100. Accordingly, each of the
plurality of subcarriers can be identifjed and ranked in an order that is
based upon channel anplitude before the providing step 106 as |long as the

recei ver 14 has. forned the channel estimation. [0051] Also, the

i denti fying st glﬁ%?ou{gﬁepr?‘éeéﬁ SPEER Sﬁﬁctgggﬁnflzes tariig‘edk‘_@lsé‘?“oﬁﬁeps]ﬂ@p 118,
and the deci si procsédplirkely Beme kieBad2i Acddifin glﬁﬁﬁ%ﬁggﬁc{ﬂ Bihion the Iiol™! hod
100 are for processing and reconstructing ohe subcarrier for’ eac
iteration. In &Phekps hedgeisionstepri@donst ructing one or nore subcarriers,

then each of the one or nore subcarriers is reconstructed one at a tine.
[ 0052] However, the identifying step 110, the reconstructing step 112, the

deci sion st ep[dbs8), ItashouldfertieWeSiot thhigRockGnL@L idcigibs euRBoraPhEed to

si mul t aneously pr.ocess and reconstruct 'two or nore subcarriers of the one
or nore subcar APEFIAN processimastenst @8 and 46 caivbe aitharipiré dedision os sdfuddcism when

the et hod 100y e BliEflal ehARRSKENE s L XeH UIOGE of e GlbCAT 11 o1

t hen processing an rreconstructing ormed for

a multiple of temsisnwbaseritedgendiallp asml RincAb® o8 inphh FoLERIEpIBE) Wother nmore
si gnal corrponeri](%lf? of the _signal conponents that are to be ‘procéssed and/or

reconst ruct ed. wing olipning Tactionbeigg when al | the subcarriers are 13 FEB
2007 WD 2004/ 032347 PCT/ SGJZCOOZIﬁO< 194 15 sinmultaneously processed or
reconstructed, then fqx)Xes' “at tfe deci §_i__Qr(16s)step 118 proceeds directly to
the step 122. Accor di ngl ysigh@e)t Hi|® speci al ‘Situation, the method 100 skips

t he decision step - L OL | t._shoul.d further be noted that, pro i ng
t he deci sion func%’vlil(%% S‘%”@Frlig]thedéel%? E‘fn(? OB & Valge g?é‘b"é’d‘ﬁ%seé r‘i%ﬁ an be
ei ther hard deci skighalof=89ft deci sion

[0054] For QPSK signal, the clipping function may be applied to real and
imaginary part separately. By using the clipping function, hard decision is made
only for those bits with more energy, which is relatively robust to noise. For those
bits with less energy and relatively liable to noise, soft decision 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 symbolys
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

-areconstructed transformed signal received at a virtual subcarrier corresponding to



at each iteration as nmentioned earlier. Based on an input X, output of the
soft decision is described generally as a function of the {hptg J00For

exanpl e, f ' follow ng clipping function being: = I xI <
1 ----6Ws‘&é)r%?(§(4frb3%ﬂil > 1 where sign(-) is the sign funt ?’8232‘{02’&’?"%%' a

value 1 may be used for a BPSK signal x = 1. [0054] For QPSK signal, the
clipping function may be applied to reah and inmaginary part separately. By
using the clipping function, hard decis'%n is made only for those bits

with nore energy, which. is relatively robust to noise. For those bits with
| ess energy ang}/er‘@?aé(ﬂ ?)@F@‘T‘I‘*Fa{gﬁlétbce&“ﬁ@%@m%@ﬁﬁred‘é’érﬁgti(@ﬁoﬁ‘ﬁe%fb@ and

hopef ul Iy such ;Qiohsirictsal o RE Sigggﬁs ans .re%ér-ﬁ'g . le?h@& rr%{)ﬁ%’gﬁi %ﬁm{ romthe

iterative error-correcting proce escripbed n 0055] ORC
det ect or r enovesbdarrieris moismfree. AEmosicof thé déciiantard cbeeiwmhdre SNRvighot s

perfectly by inverting t channel matrix r. The method 100 does_not change
the ort hogonalef(tttvn?}?'q?‘ﬁ’fr}g? H‘é‘f"?‘b‘# the pejise Enpased pmibe iVﬂf@}agﬁ‘m‘iéﬁwlb B¢ 183 or

reduces the exeRSE bR | i Ci rr LA Rgh SNR
Al t hough ot her cony\gﬁt ?gﬁgﬁg\gg?gg%aﬁs}% F—l&%&éﬂ%&cﬁg;ﬁéh%tﬁgé}uﬁlﬁ?ﬁe noi se
enhancenent pr §Bpcamiers with artessawoisyntistua patrier,ipe b enereditatath@ly, ceductethe
conventi onal d%ectorﬁ can si(g) I.ficantly reduce enhanced noi se. [0056] For
each iteration, "PHEMR flg RS Ytransformed signal may be regarded as a
reconstructed transforned signal received at a virtual subcarrier
corresponding to 13 FEB 2007 WD 2004/032347 PCT/ SG002/ 000194 16 the
weaker subcar ri[%57]1 Resylts ofishpulationscaftanddCiEPMidssysten inerfresmendyeselestive r ee) |

the  reconstrug it tiARS Al N pidsafih. ARl hOukbPor SROpRER ior ds-
longer than the maximum delay spread, the channel for each subcarrier appears like

a flat Rayleigh fading channel with a normalized power expectation value

2
E] ]Ykl J=1. In the simulations, the number of subcarriers is set to be M = 64.

[0058] FIG. 4A shows graphs of BER vs SNR of the transformed signal processed
by the signal reconstructing section 50, applying hard decision processing in the
decision modules 54, compared with conventional ORC detectors. The
performance of the conventional OFDM system with one-tap equalization is also
included in FIG. 4. As can be seen, the iterative detection scheme of the method
100 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 conyentional 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 is noise-free. If nost of the decisions are correct where SNR i s
not extrenely |ow, the power of the noise inposed on the vitt

subcarri erwwizb]dm?ﬁé‘lhess than its corresponding real subcg&{,}seguwmme,
repl aci ng each of the plurality of subcarriers with a |ess nolisy virtual

carrier, one by one and iteratively, reduces the noise anplification

snmoot hly. [0057] Results of sinulations . of an MC-CDVA systemin a frequency
selective fading channel are next preséﬁt ed. Assum ng that the duration of
cyclic prefix is_langer than_the maxi num delay spread, .the channel for
each subcarri e,IOOQ%Jpg Qrmgneg of thersigpal megnsbiugiing sealiond & wsingelippitig finciion
normal i zed po at i V. . f = S| | , the
nunber of sub%?]ﬁéﬁfa}t@hgg@ ?%%g’gd@élséﬁ&“g‘bﬁé%]ﬁ;ff&p“ %ﬂffdrs%gg@bgrﬁg‘phs of

BER vs SNR of tleentpravesfent fieBER dsvel dpropesdsirivial coi@ai gt using hard
reconstructing ,section 50, plyi ng hard deci sion processing in the .

deci si on modul ECiEgn Pi%ﬁi?é}?ggl thisisHnulgtien dititeahighenStRyaea dhe iaproveseent is
per f or mance of 12&@&_ conventional OFDM systemw th one-tap equalization is
also included in FIG 4. As can be seen, the iterative detection schene of
the nethod 100 inproves the BER performance significantly conpared to ORC

and conventi ong| tem For BER at _1Q0"2, the iterative algorithm of
t he met hod 1080%\??%%@'1{?%%1‘%‘?’3 %E?W?rgﬁ’liﬂéfqrdt@’fagae eHRELAT, VagTE a‘&&“ilperfo_r s
ORC by about 6 u@fsmigsd ds@RYERMds dcoffiM SY¥ ShRERY tﬁQ&d{]mé]d ?g%ahgt‘&ﬁﬁu th a

single reconstructed subcarrier, the iterative algorithmo e nmet hod 100
out per f or s  OREIBpAFICrE rheaiseonstractedHbrashestcemthabihe podfotmanct of the Sigdd and 2

to 2.5 dB, res ' . /t h..,nor e subcarri.ers reconstructed, . the

per f or mance i rrg%%éetxrrghﬁg F%C\%Brs? sl %? B’Pﬁ\"gl‘a{) Wﬂ?ﬁiﬁtﬁﬁ weT paipd well
subcarriers, webpbiatip$or the firstefewetetitiohsi is noRBl Rt IRNBER dusveg ¥f feCi ent to
obt ai n desired. performance i nprovenent and this nakes the signal

reconst r uct i ng "EREYs geteeiipnsshoy roerrendlooninthe high SNiBareg07 WO 2004/ 032347
PCT/ SG2002/ 000194 17

[0061] FIG. 5 illustrates the BER performance vs SNR of the transformed signal
processed by the signal reconstructing section 50 using an MMSE detector as
compared with a conventional MMSE detector. As can be seen at the BER level of
10?2, the MMSE detector with the signal reconstructing section 50 is observed to
have a 2 dB improvement over ORC detectors as well, and alleviates noise
enhancement problems. Applying the method 100 to reconstruct three or four
subcarriers, the signal reconstructing section 50 applied in the MMSE detector
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-



[ 0059] Performance of the signal reconstructing section 50 using clipping
function in each iteration of the nmethod 100 is shown in FNG F&4B((/Conpared

with FIG 4A, the inprovenent for BER | evel down to 10"3 i i
conpared WQ P3R4 hard  deci si on processing in this siﬁ%*lg?%ogé{}.{do% t he

hi gher SNR area, the inprovenment is larger. [0060] FIG 4C shows the | ower
bound for iterative detection where actyal transmtted data are used to
reconstruct the noise-free transforned éf;gnal at virtual subcarriers to be
reconstructed. It can be seen that the performance of the signal

reconst ruct i ng ns@lolatahor5g, il ird. Themoehlatich $abolnnr 60theBitRerrichert over bound
well especially for the first fewiterations. It is notable that the BER

curves of the calcelatadificen det ia€irharios BEnbelo xLukiap nfau®obpdritiddhe hi gh SNR
area. [0061] FIG 5 illustrates the BER performance vs SNR of the
transformed signal (proggssed by l)1e signal reconstructing section 50 using
an MVBE detector as conpared wtti“a conventional MMSE detector. As can be
seen at the BER | evel, of 0.2, the MVSE detector with the signal
reconstructing sect MI5'S8 781 8bserwdd & [*have -@ud dand Worevessaiste Wildr ORC

detectors as wel |l | evi,at 0i s enhance obl ens. | yi ng the
met hod 100 to rec%aﬁgﬁgkhet%ﬁgléﬁgllpﬁow lk%qmtglﬁﬁ[ﬁgwlﬁémﬁﬁﬁ%?gﬁeﬂd
reconstructing sechn boicafdtrapel b§GniiRrdtie pMBurget ector obtains a 3.5 dB

i nprovenent over the conventional MVSE detector. Even reconstructing a

singl e subcarrier, the signal reconstructing section 50 obtains a 2 dB

i nprovenent over th ondenti onal E ddectW.| [0062] It is notable that
t he nethod 100 and theé gignafj|’reconSex T an_wc i on 50—d8h al so be
applied to other comunitati on systens and not §-ust MC-CDMA conmuni catjon
systens. For exanple, FIG 6 illustrates a prior art Wal sh Hadamard
transfornmed OFDM (WHT- OFDM) system 400 that is a typical PT- OFDM

comruni cati on $y685€ The GRfin f 6l .1 0k Y tian tem wth
Mo 2 Subcarrers anethis PO har P one e HoHe B FREFLR Bt R S5, o
i s considered ®pposad suthesintdvaveitivnal QFDM®istedt) iSy WIOT SrafdfernBRKk 404 that

is additionally implemented to spread the information symbols x , over the total

bandwidth,

[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 =[r,,1,...,7, 1",

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

Where A=diag(y 1»¥2s++s¥a) is the influence of the channel (frequency
domain) on M subcarriers and n is the M-by-1 AWGN vector.



13 FEB 2007 WD 2004/032347 PCT/ SG002/000194 18 nodulated or x k=1 i.
The modul ation symbols sk of the subcarriers are cal cul at éd FB3#t he

i nformati xk using matrix operation s = W X -=--- e s =
[si , s2 %O%dm’gkﬂ%ﬁ X= [x1, X2, ..., xM]T , and WrBST’é?%@’é’X@E‘{AHT
matrix of the order M It is well known that the WHT matrix of the order M
can be constructed by an iterative procedure: 1 1 [W W W 1 -1 Wk = W
WK --- - (8) [0063] The main feature dof a transmtter 402 in the WHT- OF-DM
system 400, as__ 0 pesed to that in _conventjonal OFDM syste s a WHT
transform bl 0&0%84 emBgring Bquatians (2 aad (), it inatedethatabe reseivest feqneneie

i nformation syyRelis s {"&ﬁf‘m It halt 0064] The ghanpel 406 is
assunmed to be a s oﬁfég‘a@é%‘? ng requeﬁgg%%g#%g%g%ﬁﬁnﬁgﬁlﬂ g channel
ol STence of aauarai pEereal o L et AL e e el del
exi stence of a_gquard.i [ Wi ration |arger an the channe el ay
spread, there ngt“ﬁoéj qugm&li’s@ﬁtﬁ}égr M ean berogmded aa spRelalcaseeifer 408,
a cyclic prefiyhdenowels | ' | 5

T ‘Fl@théﬁﬁ@&?!,?ﬁe FA@E%P %ﬂtucfglque biihE ('\)ﬁ(]@g .oiﬂlﬂ%l%&%tem

corresponding to the cyclic pref ter that, I'Zé

performed i n HOAFTxantiythesatidas thindn the MQ-CDMA oysicah 1 @ whel P=1ITherdfore, 7 2 ,
..., YM]T ¢ be witt.en,as: . r=As+n=AW+n ----- (9) where A = diag(yl, Y21
i Ts tne | PR GUREUCTGHVE ACin RS PROXied b hc hRd 90 b MI-STMAS, of <
and n is the MdayriHedAWEN: ( 32347

and n is the My KefphbREable B tREWIRPOFDMEBy 408 408:

[0067] FIG. 7 illustrates a prior art single carrier frequency domain equalization
(SC-FDE) system 500 as another example of a non-MC-CDMA communication
system in which the method 100 and the signal reconstructing section 50 may be
implemented. At the transmitter 502 of the SC-FDE system 500, the data sequence
to be transmitted is first grouped into blocks with M symbols per block. For each
block as shown in FIG. 7, a cyclic prefix is added by a cycle prefix module 504

before transmitting to a receiver 506 via a channel 508.

[0068] As for the earlier WHT-OFDM system 400, the channel 508 is assumed to
be a slowly varying frequency selective Rayleigh 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



19 [0066] Conparing Equations (2) and (9), it is noted that the received
frequency domain signal in the WHT- OFDM syst em 400 has t hel SBePorm as in
the MC- CRVB 10, except Wn this case is an M X L] ad of
an M X K rrxalt2r§(|¥4>§{0t3 in MC-CDVA system In fact, Wcan be%@é&é@é’ogﬁgﬁ
special case of C, where K= M. Furthernore, the receiver 408 structure
of the WHT- OFDM system 400 is exactlyhe sane as that in the MC- CDVA
system 10 when P=1. Therefore, the saife iterative detection schene

provi ded by the t hod ,1Q0 for - descy.i bed above s, applifcable to
the WHT- OFDM wgﬁﬁgmgph%@mpgﬁi%ﬁ YRR e P&rfgmll&g FiTyand gt e
~carrier frequ i i | ¢ SC, lﬁg@m- C her

exanpl e of a %g%W%ﬂ%@gﬂﬁ%ﬁggwggﬁ%&em |1§¥€é1$g%ﬁ?ﬁﬁeﬂsngt?%§% 100 and
t he signal resystest isiddriticgl toaldtiof theSSC-FDE dystem. Aph esveiveedf thapre-RET

transmtter 5 f the SC-FEDE system 500, th t.a ence, to be

transnitted |§%P$4 QStﬁ?ﬁgﬁg&qlﬂg .8%6218%@%1?‘% ‘ﬁ?éﬂ}ﬁg(& lsﬁgpwﬁlieﬁtctﬂa. For each
bl ock as showgohBinfitda of bn Rualiskibs bRIcRRhY ah FrTACLEM:. Pbr exaefgﬁé ehORD X nodul e
504 before transmtting to a receiver 506 via a channel 508. [0068] As for

the earlier \WieclioDNs sgtsalbna d@tbinatien afftemriap eqmdlization and inversianof thepig- sl owl y
varying frequ&gé:% sel.ective Rayl eigh fading channel corrupted by additive
white Gaussia ERUPIANGN) . At the receiver 506, a cyclic prefix renoval
nodul e 510 renoves the cyclic prefix portion of a received signal. The

i ni i th i ved signal i d FFT. le 512
Lrter " por for opl) She pitsed: SERRNER rireto nop e GGEREnd Rt Retaiehal BHIGR e "5 14,
The frequency 50 d0Bdiverdagihd! thé _éigﬂaltraﬁmeﬁ*&owg%e&%ntsb,ea Srimobidetich sy3Rm S

first fed to a frequency domain equalizer 516 and then converted back into
the time domah#vingthgreqeryer andwangteodh) forraduring neise insg Bansfermedisignal s

lied in deci.si . ¢ o : tted

Ghta “Loogo]  Privk St FBALKERaRAihe by sB38 bITRGR, B bl BED L oY

\fmd Fi Gh 7, phodldnis Tl pylst @ 500 is actually a subset of PT- OFDM systens
ere the pre-

[0074] It will be appreciated that although only one preferred embodiment has been
described in detail using different communication systems, various modifications
and improvements can be made by a person skilled in the art without departing

from the scope of the present invention.



transformation is set to FFT instead of WHT as in FIG 6. Such a systemis
referred 13 FEB 2007 WO 2004/032347 PCT/ SG002/ 000194 20 {ppim M_i S
descripti W glf R P FFT OFDM system Since perform ng FFT and I{‘—u

sequent i alM 9% 0%%&7 val ent to doing nothing, a transmi t tREGT/$F20020Pe- FFT
OFDM systemis identical to that of the SC-FDE system At a receiver of
the pre-FFT OFDM system the function2bf.a detection block 414 in FIG 6
is equivalent to a conbination of an equalization block and an | FFT bl ock.
For exanple, the ORC detection is a@’faﬁﬁlsly a conbi nation of one-tap

equal i zation and inversion of the pre- transformation. [0070] The present

i nvention theref avides the siqgnpal reconstruciin ection .50, a

recei ver havi ng' ?ﬁgrglebv_ﬁéf’§?88‘8ﬂ§‘ﬂ°3§?‘?ﬁ§ AR T 0&5{9&%}58’83&%? Bation
system having th&nﬁi@ﬁﬁédlﬁgmﬁﬁﬁi@uﬁ%‘f&ﬂ%d%af%ﬁ Gl dTQigpel I N a
transformed signal using the signal reconstructing 'secti'on 50 to overconeg,
or at |east all ewpawenenthsaidpnethodemmprisingthestepoof:art. [0071] It will be

appreci ated that althgugh.on one preferred di nent, has bee descri bed
in detail using di ffe?egg %An#ﬁ‘ﬁ?%rg?efl&}g@!@f %ﬁ%?é%Va‘?T?SS’&scomnfﬁa@S?i ons and
i nprovenents can beysefg by a person skilled in the art wi thout departing

fromthe scope of the present invention. 1 3 FEB 2007 WD 2004/ 032347,
PCT/ SG2002/ 000194 21 Pprocegsiignspid transformedsignel; eed of a communi cati on system

a method for reducing naise i formed si ntqli, sai d_transfor med
- signal having a plur aréll?y 0 h{slggﬁ%{(%&mgﬁ%lﬁ’t%g?? SHiE ﬁ%f‘ ﬁ%’&nsg%lﬁg?% sing the
steps of. recei vi ngnedulé,anslos mteelsighgrampdiierts cfsaRIilaraligf ofsaindl
conmuni cati on . . '
{ components, said reconstructing being based upon said processing step to
thereby reduce noise in said transformed signal;
wherein said processing step further comprises the steps:
| identifying said one or more signal components based upon a channel
estimate of said plurality of signal components; and
further wherein said reconstructing step further comprises the step of

providing a reconstructed transformed signal of said transformed signal.

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

(. 4 output of said detector and based upon said channel estimate.

3. The method as claimed in Claim 2, wherein said processing step further
comprises the step of decision processing said estimated signal using a

- plurality of decision modules.

4. The method as claimed in Claim 3, wherein said decision processing step

comprises the step of soft decision processing.



system processing said transforned signal; and reconstructing a

predet erm ned nunber of tines, by a reconstructing nodul e, oF Bp] nore
signal conmponents of said plurality of signal conponents, said

reconst r udY® AYP4923349 based upon sai d processing step to PEHEEHB/0W0EYuce
noi se in said transformed signal; wherein said processing step further
conprises the steps: identifying saidZne or nore signal conponents based

upon a channel stimate of, sai ;r)@ura ity of sjgnal., conponents; and
further whereéh qlag&‘ggf)‘ﬁglta%?ﬁn ay pr?fF’cnﬁé@ BIHORPECESHIRSIEP ep of
provi ding a r ecansiiiies 84 stpATHRAI MRekic BidpbesRl. Sai d transformed signal

2. The nmethod as clainmed in"Claiml, wherein sdaid processing step conprises

the step of providing an estimated signal fromsaid transformed signal at
out put of said detector and based upon said channel estimate. 3. The net hod
as claimed in Caim2, wherein said processing step further conprises the

step of deci sisonrmﬁemsawelaﬁﬁédim@a{m}& eriéfrr]x% lre&b%%@lﬂ:\}\ﬂg B Wirek Ly Of

deci sion nodules. 4. The nethod as claine arm reftn said

deci si on processtomprseethe steprfiprevdding heothtegtinfatedaignabieershidn pr ocessi ng.

13 FEB 2007 WD 2004/032347 PCT/ 002/000194 22 5. The nethod as cl ai ned '
in Oaim3, wher& MSERFEd fans gf“@ﬁ%%%‘@ié%%"i‘ guiBwtes said daisetos and based st ep of
hard deci si on prgeassiddhanfel edtifat@et hod as claimed in daiml, wherein said
reconstructing step further conprises the step of providing another
estimated signal fromsaid reconstructed transfornmed signal at said out put

Of/ sai d det eckborTRNd A35 48 clHR inS ki 8,hv%ﬂenrgfn sai tﬂrc?&ggmg step further

{ comprises the step of decision processing said another estimated signal using

said plurality of decision modules.

8. The method as claimed in Claim 7, wherein said decision processing of said

another estimated signal comprises the step of soft decision processing.

9. The method as claimed in Claim 7, wherein said decision processing of said

another estimated signal comprises the step of hard decision processing.

10. The method as claimed in Claim 7, 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

11. The method as claimed in Claim 10, 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.

12. The method as claimed in Claim 11, 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.



7. Thé nethod as clainmed in Caim6, wherein said processingﬁgiaf further
conprises the step of decision processing said another est i U%ignal
using said plurality of decision nodules. 8 The nmethod as clainmed in
Caim7, WEH084/082847 d deci si on processing of said . anot lreT/sEx002700014 Si gnal
conprises the step .of soft decision processing.. 9. The nethod as clai ned
in Claim7, wherein said decision proc@3sing *of said another estinmated
signal conprises the step of hard decision processing. 10. The met hod as
claimed in Caim?7, wherein said reconstructing step further conprises the

step of deter mNRY I3RS o i sOr i been
reconst ruct edmsj;{lggpredetercr%‘lﬁﬁiggngu ngirl1%%6%9%@590#%8%§%§3u@%§d ai ned
in Caim10, wheremprisaithe step ofisituitandonglysecpstiustihf 6o oc@oRIIfS€E t he step
of determ ning whether to process another one or nore signal conponents of
said plurality ofUPgHfRe of ssesignelcompenentie nethod as clained in O aim 11,
and further conprising the step of providing current estimated signal for
subsequent processi.ng when determined that iteration of said another

si gnal conponeht. The method asqldimed in ChimAR, RG6réin YA REGHAIORR 4T further
PCT/ SG2002/ 000194 23. 13. The thod as clained in Caimll, wherein said
reconstructing st¥PPHsEStRRstep egﬁﬁ?@%@gt%@nget@gum, eaehnef saidvagthst gne or

reconstructing tmrggigﬂgrcgﬂg;ongxﬁg.d anot her one or nore signal conponents.
14. The nethod as clarned in Cam1ll, wherein said reconstructing step

further conprises the step of reconstructing, one at a tinme, each of said

anot her one or re sj ghal .congonent.s.. 15. The, pethod as cl ai in Cdam
1, wherein sai " 83}@3%91?“}5‘%59%@%% Te Qestrupciing e §r

si nul tan t90U5| Yy T e6RPHSdsURS 5tBE of WhuBhndBREIS r&onstAlctn® 8o oPfnofEdfSaidiodsal
conmponents. ‘
P or more signal components.

16. The method as claimed in Claim 1, wherein said reconstructing step further

comprises the step of reconstructing, one at a time, each of said one or more

signal components.

17. 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; and



16. The method as claimed inh Claim1l, wherein said reconstructing step
further conprises the step of reconstructing, one at a ting3J ggqpof said
one or nore signal conponents. 17. A receiver for reducing noise i1n a

t r ansf or megO02p ﬂ)é?:‘,“"sai d transfornmed signal having a pmﬁ?lg(ﬁﬁ%%?ﬂéa‘f"l%“i gnal
conponents, said receiver conprising: a signal reconstructing section

havi ng: a detector for detecting said % ansf or ned- si gnal ; one or nore

deci si on nodul es, each of i A] re _decksion . | es_.havi ng an
i nput coupl ed to out put oWﬁ§'§. dé%é%egé?%&cg%ﬁmgﬁ? éscagﬁ%q?o({ljﬁ)cqrf’w “fodul e
havi ng one or nore i nput&onstaidtedifgns@rmedRighall dTR4IH SraRfbiied BEiABCt i vel y

coupl ed to output of said_one or nore decision nodules, wherein said
reconstructing nodul e i s BHHESE wherein said meonstuetinggnedulois adapted toi identify

conponents of said plural:st i C gnent.s a redet er m ned nunber
of times to ther eby.forr§n£u<%11 oxlce)i%gg?ofggi%h%ld:%%%%%?%‘&&giagﬁﬂ?@% 1(:"I"aiC_S FEB
2007 WD 2004/ 032347 PCbf 862 pOzalg 0F 8ndlconyfogéds.n sai d reconstructing

nodul e i.s adapted to provide a reconstructed transformed signal of said
transforned signal; further wherein said reconstructing nodule is adapted

id i f ied -Si.gr based h I
estimte o of Bupfeorp fye At bR NRh S8GE o RRE: feifler o

claimed in O ai nmbdules\benisises 6aé 6r MO 0ird BBYiGoi@BAgELN nDdul es conpri ses
one or nore hard decision nodules. 19. The receiver as clainmed in daim1l7,

wherein said one or nore decision nodules further conprises one or nore
sof t deci si on gOEH R3eiver as claimed in Claim 17, wherein said one or more decision '

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

20. The receiver as claimed in Claim 17, wherein said reconstructing module is
adapted to perform reconstruction based on a relationship between a received

signal component and a transmitted signal.

21. The receiver as claimed in Claim 17, wherein said reconstructing module is
adapted to perform simultaneous reconstruction of two or more of said one or

more signal components.

22. The receiver as claimed in Claim 17, wherein said reconstructing module is
adapted to perform reconstruction of said one or more signal components

signal components one at a time.

23. 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 recohstructing section having:

a detector for detecting said transformed signal;



20. The receiver as clained in Caim17, wherein said reconstructing nodul e
is adapted to performreconstruction based on a relati onsﬂi,& g vi/een a
received signal conponent and a transnmitted signal. 21. The rE wer as
cl ai med | WQCR0A#/#32347 wherei n sai d reconstructing nodul e BGISGE 0[8’(3 to
per form si nul t aneous reconstruction of two or- nore of said one or nore
signal conponents. 22. The receiver af25clained in Caim1l7, wherein said

reconstructing nodule is adapted to performreconstruction of said one or
more signal conponents sPR§PAIMQIEdseisionmodiies, each af saidiene granorpdecision

conmmuni cati on system co fth%E ﬁg;,ing_aﬁi' Icg%@w?gﬁg ‘61;31391 e@é:cwrg&d{]or

reduci ng noise’in a transforne i gnal, orned sign aving a

plurality of signal conponecbsstructiag choslufpigiving@aeosibiedhputg saidoheon havi ng:
a detector for detecting sajid transfornmed signal; 13. FEB 2007 WO
2004/ 032347 PCT/ SG2002/ B985 ypuiseingrespsctively sovnled teioytpupplraidenc @ach of

said one or nore deci si %rewﬁbﬁﬁmtaﬁ}%ng an i nput coupled to output. of
said detector; and a reconstructing nodul e having one or nore inputs, said

one or nore inputs bei ngwhesinesaid seebystimoting mddile istidbpted toofecanirdctane or
nore deci sion nodul es, wherein said reconstructing nodule is adapted to
reconstruct one or nor & BoghHEna SAppaBehts obridplimglify of stanpk gpmponentsy na|

Feduced transtormbd si gkl P aer SeReleuiper o Biet B Bl R R " rat e
to provide a reconstructduded ramsséroredesipmal;gnal of said transforned signal;
wherein said reconstructing module is adapted to provide a
reconstructed transformed signal of said transformed signal;
further wherein said reconstructing module is adapted to identify
said one or more signal components based upon a channel estimate

of said plurality of signal components.

24. The communication system as claimed in Claim 23, wherein said one or more

decision modules comprises one or more hard decision modules.

25. The communication system as claimed in Claim 23, wherein said one or more

decision modules further comprises one or more soft decision modules.

26. The communication system as claimed in Claim 23, wherein said
reconstructing module is adapted to perform reconstruction based on a

relationship between a received signal component and a transmitted signal.

27. The communication system as claimed in Claim 23, wherein said

reconstructing module is adapted to perform simultaneous reconstruction of

two or more of said one or more signal components.



f.urther wherein said reconstructing nodule is adapted to identify said one

or nore signal conponents based upon a channel estimate Olflr% g 00 lurality
of signal conponents. 24. The comruni cation system as cl ai C;?Bi 00%3 im23,

wher ei n sAWQ2#832347 nore  deci si on modul es conpri ses ondd® d.
deci si on nodul es. 25. The comruni cation systemas clained in C aim 23,
wherein said one or nore decision noddes further conprises one or nore

soft deci sion | es. 26, The communication systemas clajjed in C aim 23,
wherein said ﬁ%ﬁg?’%‘ﬁ’&‘f‘}%{j@%&ﬂ%% daypedinddaime 3, sihewisaideconst r uct i on

based on a rel a}éoeﬂs;tg{ca%ﬁio%ﬁns Qda[é)g{cﬁg:’{ﬁgfoﬁhg&%stﬁﬁﬁg}f@fdi @e a

transmtted signal. e conmuni systemas cC ai m 23,
wherein said reoonssigoadtcomponadusignal coagpapémtcionemt peifeor m si mul t aneous
reconstruction of two or nore of said one or nore signal conponents. 13
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system as cl aigied éign@rééoﬁkt%?ctmgﬁé‘%@h'foxsé‘}&eiv&et%‘}é‘cﬁfcé HGikd % @Qféhﬂe& S

adapted to performrFeconstructi sald one or. nore signal conponents
si gnal conponent sigoalgsad transformeed s2gnhal Aaving aluralétg ofisipnal compeoneaBetaidn for a
receiver to reduce noise in a trapnsforned, signal, said transforned signal

having a pl ural i PRI HUFINESREMETAIPIIIBE d~ si gnal reconstructing
section conprising: a detegcfefdcidr r@&%&ﬁ%is%tﬁaﬁgﬁr&?ﬁé{a?r med signal; one
0 ec

or nore decision nodul es, each of sal e or nore si’on nodul es havi ng
an i nput coupl ed to out putonefor smireldebitien modnlesredch af saitloome o mocd devgsiodul e
havi ng one or nore inputs, laaig one or re inguts b 'n.%d'es ectively
coupl ed to output of s ai odyes having an input coupled to output of sard detector;

and

H
1

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 a predetermined number of times to thereby form a noise-
reduced transformed signal. |

- wherein said reconstructing module is adapted to provide a
reconstructed transformed signal of said transformed signal;
- further wherein said reconstructing module is adapted to identify
séid one or more signal components based upon a channel estimate
of said plurality of signal components.
. 30. The signal reconstructing section as claimed in Claim 29, wherein said one or

more decision modules comprises one or more hard decision modules. .

-31. The signal reconstructing section as claimed in Claim 29, wherein said one or

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



mor e deci si on nodul es, wherein said reconstructing nodule is adapted to
reconstruct one or nore signal conponents of said plurality rgh ogygnal
conponent gyo B4agsBi£det erm ned nunber of times to t here%jﬁzmﬁm@ﬁj‘se-
reduced transforned signal. wherein said reconstructing nodul'e 1's adapted
to provide a reconstructed transforgg% signal of said transfornmed signal
further wherein said reconstructing ule is adapted to identify said one
or nore signalysc ' ‘ . nnel J . sakd plurality
of signal con&%hgﬁ¥§g&gbam$ﬁgﬁgpg%%ﬁ“@é%g%@@%t@ﬁ?%ﬁyg%gﬁF%%n%@icIained in

‘G aim 29, whereircomstctigi@odile is@daptadas psiforh RocHitrastiontipéd @es one or nore
hard deci sion nodul es. .. 31. The signal reconstructing section as clained

in Caim?29, wheftiongip felveen greceinsdsignabeamponcntpad Rdensmittedsigndlonpri ses
one or nore soft decision nodules. 1 3 FEB 2007 WD 2004/ 032347

PCT/ SG2002/ 000194 27 32. The signal reconstructing section as clainmed in
A ai m 29, wher3gi Thssipthl ré@ashsdtingGtdtivg s3RiHNed insClatha Ry, 8hdréin paid f or m .
reconstruction based on_a relationship between a received signal conponent

and a transmi tt effcepgmaing modulprpadapinddp pereemnaimulizncongreserteirnef cl ai med
in daim29, whepgl Iﬁ@%QWS&QQQQ?%éH%%5%%?38g¥5§%$§ adapted to perform

si mul t aneous reconstructi on of d one or nore signal

conponents. 34. The signal reconstructing section as claimed in Caim 29,

wherein said r?gei,gns,t ';chti ng nmodul e s adapted to performreconstruction of
r

sai d one or & PIgRA iUt tmgsscuanps Slaimedrindrlern 39.onkerein saidt i ne.

reconstructing module is adapted to perform reconstruction of said one or

more signal components signal components one at a time.



