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1 *159159* A METHOD, APPARATUS AND RECEI VER FOR

DEMAPPI NG DUAL CARRI ER MODULATED COFDM S
of the Invention 5 The present i nventl on rg\@m@tm m\“m“l‘m“l
nmet hod, apparatus and receiver for

carrier nodul ated COFDM signgls in dat a comuni cH#4'8n
systerrB and nore particularly to techniques for

SeE G, M ARAILS AN TSR EOR R PET LA

systerrs_ 10 BTARRIERMODULATED\GOFDM SIBNALSOFDM i s
a techni que used in conmmunication systens to

efficiently transmt high rate signals in fading

; the wi de bandwi dth of these signals
F|§1§§Fﬁ*@%‘nﬁf§13rp g

rmal ly suffer fromsevere frequency
Treel present iheehtion refatédi © is methicde dapparatusOFand skeceiver for

deg¥amigandvalc sadisoog g COF B SBRBELIT st smmunication
s;}%féfhﬁgaﬁdbl"f‘l%?'é!‘" rﬁculé %ottﬁéﬁnyﬂés%F%&ﬁ@@laﬁﬁ@\’e’hétﬂécelved

e transm ssion channel | at i ng t heSe

SIgngaaI inc osutete nbsthogonaldi frequanty-divisicar r mesltiplexing  (COFDM)
ransm ssion jn_ _each individual subcarrier

coéQ'ﬁé'Pf EBSYSH0Sf r equency flat fading. The Forward 20
Error Correction (FEC) coding to transmtted
information streans is thus enployed to further

Badmraxundweftlwln@rﬂtoIDFDM subcarriers. In a COFDM

CHF&8, JEONRIS €T AREE e 1 B85 SSRAFRY P ermcienty

trafdrat m?rﬁieré@erghaw tmfédiﬂ%wh@hﬂélsy PDyedtortivemdde dbandwidth of
constellation signals erent OFDM det ecti on

theegsignals theynweuld nosmaliy sulfar Kam sevasRilieguengy sglegtive fading.
THi8SE avbided ih HH'ERBNN 495RM b HanSRrfifg the signal into a number of

orthogonal components, each of these OFDM components having a bandwidth
less than the coherence bandwidth of the transmission channel. By modulating
these OFDM signal components onto different subcarriers, the transmission in
each individual subcarrier experiences only frequency flat fading. The Forward
Error Correction (FEC) coding to transmitted information streams is thus
employed to further combat the fading on OFDM subcarriers.

In a COFDM receiver system, coherent detection is necessary to provide the
subsequent channel decoder (usually a Viterbi decoder) with the properly
demodulated constellation signals. Coherent OFDM detection requires channel
estimation and tracking. In this case, the frequency-domain estimate of
transmission channel, commonly termed as Channel State Information (CSl), is
often used. Although most of the related research and development has to date
focused on searching for accurate and robust CSI estimation methods, the
incorporation of CSl| into the decoding process for enhancing the channel
decoder's error correction performance has also been explored and is
described in the following publications:
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transm ssion channel, comonly ternmed as Channel State
Information (CSI), is often used. Al though nost of
the rel ated research and devel opnent has to date
focused on searching for accurate and robust CSI
estimati on nmethods, the 30 iscorporation of CSI into

t he decodi ng process for enhanci ng the channe

(18%9‘9% Bufier, 8. ARRSEER. Q! F‘?&trcflgf '&”]‘-ieNW%nﬂ' SORPEE, “Viterbi

I"'or ed descti bed ol'lo
pdbbo«tlagl straateglelsl\famﬁ GlHZ (S)ﬂfﬁl)@é%* LAI\( ﬂ/stMnsR’ pGblished in Proc.

R 4t Vg, deshhol Ga VEC At kg e 7ar&1 oo
2{‘/’1—{1%3‘@0 ﬁ!ré@tw g&?@@iﬂ%:ﬁ'lﬁdhsﬁﬁ@ﬁon tbgﬁﬁgﬁéé Hor difital

Sberresttml W;hmadaasltlng," pabhsi‘lmhdelEEE‘r@mmmmcatmns Magzme
tec gue or terr trial TV
bP’S QPszné’p‘ 1@@5 é@lﬁ@@ ruary - Communi cat i ons.

(3 ?’V()BZL&? H. F’QlLk gheh Pafk Z, “\ﬁtbrbﬂ@@cé'd?@g nE@thbaszstngleﬂémel state

Park, and Park bi decodi ng
rrmfhmlamrm ntg\ dh@ﬁﬁé\n systes,” | pullishedi cum IEEE:OMwnsachons on

Yo EPhyar B EEE . 45T ¥ B B58.00° AReROROTEL
10 In the publication by M R G Butler, S. Arnour,

N. Fletcher, AA. R Nix, and D R BuII entltled
In: fcbetmbbcahwz;bu.MgRstG dBiellgreS. PomosirPr NuiRletcbes A.AR: Nix, and

o3 Wl o S 155 LSO 458, g Db L

systdras, publishéd in' Prdd. IEEBE SithiVietn T ebhooli Conf, ¥TC PaG1 F&II pp.
roved to be of greaf value in practice when the M PSK

77wBar ;hlﬁﬁaglémgﬁefls refestadh b agpaaitdeSbaesision dpgeding” and has
oAU B A AL W BRIy reso
keyirdp) -roaddlatiodB)r W%m(ﬁwﬂraﬂre iaahplltude modulation) is used for

constellation mapping.

However, in a COFDM based ultra wide-band (UWB) system such as that
proposed by the WiMedia Alliance to provide very high-rate wireless
transmission, in addition to QPSK (Quadrature phase-shift keying) modulation,
a so-called Dual-carrier modulation (DCM) scheme was proposed for
constellation mapping to achieve a degree of intra-OFDM-symbol frequency
diversity. This is described, for example in the WiMedia Alliance publication of
D. Leeper, “Overview of MB-OFDM,” published in the website
http://www.wimedia.org/, July 2005. However, in such a system, the
conventional method such as that described in the publication by M. R. G.
Butler, S. Armour, P. N. Fletcher, A. R. Nix, and D. R. Bull, entitled “Viterbi
decoding strategies for 5 GHz wireless LAN systems,” published in Proc. IEEE
54th Veh. Technol. Conf, VTC 2001 Fall, pp. 77—81 cannot be directly applied
as it is tailored for single subcarrier modulation.
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20 proposed by the WMedia Alliance to provide very

hi gh-rate wireless transm ssion, in addition to QPSK
(Quadr at ure phase-shift- keying) nodul ation, a

so-cal l ed Dual -carrier nodul ation (DCM schene was
proposed for constellation gapping to achieve a
degree of intra- OFDM syrrbol frequency diversity. This
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|nstebﬂlcifmcﬂ1ardl-de|&lsldmt§hdm bbtms{ed fdMNeVWit@%Il degoding. It can be
July 2005. However, in such a system

showry that the diffarenee detween the pedernrnca Pbéf@"ﬂﬁfq geft- and hard-
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ERgheeods 2at Edion.s Pranticesiiale NEWFERahy 2095 Hawever, in
prﬁétléé Wﬁ’eﬁ tHe Péfcﬁﬁt%fe%cﬁls%kén ?PMBC&frfs'idﬂraﬂ&‘i’HH alwirdles$ OFDM

i's commonl wn that, to achieve |ower error
sy;st&rbabtandtayd soﬁedmlondianosllmperfonns eadrlyfand its performance
har d- deci si on,, shoul d_be 0 \i t er b
mARcRR SN ITUe e didhinah.a it Serebre fegotinnectis is
déd&ﬁbéérlﬁofdma’i@%;ﬂé ﬂieaﬁﬁlﬁfdétléﬁfﬂy MaIRl GaBdtlefeS.i AfrAdur, P. N.
decoding is roughlé for an "AWGN channel . This is

Fleteber. Ae®R.iNixs andeDpiib| B@lbterﬁﬁlesy“\bterm depesting steategigs for 5

oA s LR B G IR 08 RS9 53 B8 Tocmg.cone

VPCagoh teFalhhem 7he-gadi Tige QilérﬂﬂéantSpéﬁkﬂﬁamdfé @egradation with
consideration in a wirel ess OFDM %/stem st andard

stapdardaraft- ge@ﬁw@e@w%@ Pyt e due e dhe yallignqwr noise ampllfymg
oA o I Reiyeal oo i oL et il Biind s on righy

ateermmbee, sutimernim’sl Iscehhancéd/ dignifcardly Bitdrethe Seceived symbol

Ar t N .D. R L,
maRpRides ara NoERRze C?&ﬁwgm e ghaiEHign &y Vel 6. Butier, S.

AT N Mt oA, Ml OBy EEVRGHS oo

- stedtggiesifon 6tGHe Wireless L ANdIsystemal” |mrb||ahed1 in fraad&tE 54th Veh.

T%%{r{oédﬁﬁbﬁ:\?ﬁg%&&d hgﬁ, HBV 7?3-8dle%hllsourt|gx%evc\§elé blépf%%ance loss
can be recovered by weighting the path metrics of Viterbi decoder using the

magnitude of CSI. Or, equivalently, one may simply use the CSl, {H(k)}, to
weight the complex input of the modulation demapper.

Furthermore, as is also shown in the publication by M. R. G. Butler, S. Armour,
P. N. Fletcher, A. R. Nix, and D. R. Bull, entitled "Viterbi decoding strategies for
5 GHz wireless LAN systems,” published in Proc. IEEE 54th Veh. Technol.
Conf, VTC 2001 Fall, pp. 77—81, when the subcarriers in an OFDM system are
M-PSK or M-QAM modulated, the weighting method has proved to be effective
for enhancing the error correction capability of Viterbi decoder. Impbrtantly, this
implies that one constellation point is only related to a single subcarrier. In the
OFDM UWB system, this is also the case for the lower rate transmission where
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15 effect of the frequency donmain equalization
process, that is, the noise on highly attenuated
subcarriers is enhanced significantly when the

recei ved synbol nmagnitudes are nornmalized. As shown
in the publication by l\/l R 4& Butler, S. Arnour, P
N Fletcher AL R Nx, and DD R Bull, entitled

thg Z’S{ght'&ﬁ] b&?ﬁﬁgd %cﬁ{?s&?%t%ﬁ apé@%ﬁ%ﬁ&bgs Ss LeMployed.

HJW@\VEErth nfcas¥Tof HGR &Fatal rateptradgmiskion,hivbere the DCM is
unexpected performance | oss can be recovered

invelvemt thig rmrﬁeogafpnnsreut te @eopnsmte&l%as&%&@.nst%l?ﬁ@n point is
n&v@?el ﬁ%@},%% er§q“' val ently, one may

S|np y use wei ght the conpl ex
i nput of the nodul ati on dermpper 25 Furthernore, as
T@Sst?x{q%s?ﬁg%“e%d fRr erpstamand metied farideniarpiog DEMagnals wit
i ng strategl es for 5 Gz
%deggci%kﬁ?egfoéﬁn@ﬁegpubl ished in Proc. | EEE 54th
Veh Technol . Conf, VTIC 2001 Fall, pp. 77-81, when
t he subc s in an OFDM system are M PSK or M QAM
%‘Jﬁ?%%ﬁ ﬁ@’e\ﬂéﬁ %hting nethod has proved to be
A&fcfr&@b' féea st SdpeRhiRmtigd 'b@eééif-t |Wérﬂfonct<h©?@¢é fsvided a method
capa of Viterbi decoder. grortant hi s
for dpmaexpmg]elualocra;neonud@latad ICSHFBM signals asmprisieg:at ed

o andbnatang AL SRliBlen Pahls T hPRRNT el . Stain
n&nﬂén%eacah\éﬂnbl statd irhiRfatiomsigeal at i on

tgedemappl ng is enploye However, in the 1: g
of hdg remningraedomair weighting fagier &omhdhemarmalized channel

Y hj thod turns out to be unsuitable as
StSf%} ﬁk%rﬁ'gqtatq %51‘ h point is nowrelated to two
di f f @stefirsnd ar XidoaainSwaiyhting facter ifrora theawrinalized channel

stem and net hod for demapping DCM signals wth
Stﬁ%mééﬂtm%gnﬁlg performance. Summary of the

| nve éﬁgﬁnlﬁg (?&f z?tlalg 3P alrddelv egé%egfeﬁtﬂgl déiaﬁal to obtain an

pres inv nere 1's provi
equalized data signal;

weighting an equalized data signal using the Y-domain weighting factor

and the X-domain weighting factor to generate a weighted input signal of a
demapper; and

performing linear demapping of the weighted input signal in the
demapper.

Preferably, the step of determining the Y-domain weighting factor comprises
determining the Y-domain weighting factor according to the equation: p(k)=

min(lﬂ(k)‘,cr), for k=0 to N-1, where p(k)is the Y-domain weighting factor,

‘H (k)l is the normalized magnitude of the channel state information signal, o is

an empirical constant and N is the number of frequency domain complex values
in the received data OFDM signal.
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for demappi ng dual carrier nodul ated COW signal s
conprising: normalizing an estinmated channel state
information signal to obtain a nornalized channel
state information signal; determning a Y-domain
wei ghting factor fromthe nognmalized channel 15 state
informati on signal; determ ning an X-donmai n wei ghti ng
factor fromthe normalized channel state information
signal; performng equalization on a received data
Profdsbbly, gnalstép ofbdietermiting e H-doathinl aveighiing dhcto? @omprises
wei ghting an equalized data signal using the Y-domain
dax@r.r@nmﬁgwef&@pmam araighting frctasaecardiag dhthegavaliansr t o

enerate a wei ghted,jnput signal of er; and
AR Rt Err QG EOR TariE o (MEST Whehe A1) ts the X-
signal in the demapper. 25 Preferably, the step of
doeaianveightig fautory ‘QQ isrtheioginalized heaginitude @fithé skannel state
determ ning the Y-'domain wei ghting factor according to
; b b 010 i ' Y ~ i
infRpaBGHIAR afd K isheythberontioqueios ddhaih corfiplek values in
the meceivedrdata ©F DMgignalde of the channel state
information signal, o is 30 an enpirical constant and
N is the nunber of frequency domain conplex values in
; itH8 dhpuDsiBhaf /i & denmdipettcimprises
Pr’gf@rgéﬁ@?%&%{%gﬁfﬁg -Hgb)gmi n V\gi gh?i ng factor ca{)rﬁ)pri sesp
welghtgpitine irgpuit feignal caorerdingwo ding ieqoationt By (kace af,dbngoEd- A(k),
the equation: A(i) = A (i + N 2) = mn(IHi)l, I Hi
for M2 10 N-1 pwhiere- Afk) ts the2X-tonrain aveigihtjing factore Nxis the number
domai n wei ghting factor, | is the normalized nagnitude ,
ofdrequencyrtiginain eamplex values inethedecsivgd data LHGDN signaheo(k) is
nunber of frequency domaip conpl ex values in .
the Y-domain weighting factor, Y,(k) is the weighted input signal of the

demapper and Y, (k) is the equalized data signal.

Preferably, the step of performing linear demapping comprises performing said
step according to the equation:

X, () = f(Z k), 7, (k+N12)),i € [02N-1] and ke[0,N/2-1], where X,(i)

- is the demapped signal, f’R (k) is the weighted input signal of the demapper,

and N is the number of frequency domain complex values in the received data
OFDM signal.

According to a second aspect of the present invention there is provided an
apparatus for demapping dual carrier modulated COFDM signals comprising:

a first stage arranged to normalize an estimated channel state
information signal to obtain a normalized channel state information signal;

a second stage arranged to determine a Y-domain weighting factor from
the normalized channel state information signal,
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the received data OFDM signal. Preferably, the step of
wei ghting the input signal in the demapper conprises
10 wei ghting the input signal according to the
equation: YR (k) = YR (k) p(k) A (k), for k =0to
N-1, where A(k) is the X-donmgin weighting factor, Nis
t he nunber of frequency domain conplex values in the

o ol SR, et 38 Hetaifd ArEx-ddiRglh AefiRo factor from
themorrnelizetbobpmes| statd inierinajion signaé equal i zed dat a
e T R
' At ' i Y k + N/ 2)),i E
OF B, REHA SRiptpiften blugiied ditaisfanalihd o (1) 15" the
denspdethappgnatageyRranged to weighteinggqualized siata signahusing the

f the d 20 . d '
Rl M OB Tretoh ick % o todan i sfciap ta eperate @
wERMES irpidl signsicer 8i demappar; SeRésh AR efsmappéis arranged to
present 'invention there Is provided an apparatus for

partavepliness damappiag of die weighted inputsignat pfHig demapper.
conprising: 25 a first stage arranged to nornmalize an
estimated channel state information signal to obtain

Inaa PpesfeRiedzembotime tisd sbcondistigemis amangeh b determine the Y-
second stage arranged to determ ne a Y-domain

dovaaiahivelghtiactaetort aogordirie t thieradguations ha@h sl m(@ﬁrekj, ), for
information signal; 6 a third stage arranged to

E7d) oiR 1195 BRimePCR s, Be YPRaIT SkEBniRg adglt [Aceis the
S S AR T R A A R T
coZiqsua !éné‘r\g i8 ﬁwedﬁﬁgfb‘é‘?roisﬁ@taﬁ%ﬁé%_@gmnt&ﬁﬁﬁl&%{‘?alﬁ@s in the

i zed data sig usi ng onmal n we I ng
recaivedrdada R DR siguiainai n wei ghting factor to generate a

Preferably, the third stage is arranged to determine the X-domain weighting
factor according to the equation:

AD=AG+N/2)= min(|f‘1(i)|, A+ N/2)|), for i = 0 to N/2-1 where A(i) is the X-

domain weighting factor, |ﬁ(i)| is the normalized magnitude of channel state

information signal, and N is the number of frequency domain complex values in
the received data OFDM signal.

Preferably, the demapper stage is arranged to weight the input signal in the
demapper according to the equation: f’R (k) = Y (k) - p(k)- A(k), for k=0to N-
1, where A(k) is the X-domain weighting factor, N is the number of frequency
domain complex values in the received data OFDM signal, p(k)lis the Y-domain
weighting factor, ¥, (k) is the weighted input signal of the demapper and Y, (k)

is the equalized data signal.
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wei ghted i nput signal of a demapper; wherein the
demapper is arranged to performlinear demappi ng of
the wei ghted i nput signal of the demapper. 10 In a
preferred enbodi nent, the second stage is arranged to
deternine the Y- dommin weighting factor according to
the equation: p(k) = mn(lHk)I,o0), for k =0to N9,
where p(k) is the Y-domain weighting factor, lis the
-normal i zed magni tude of channel state information
Prefarably, thel slepmappepi stagel is eoramigedt tarpbrforivs linear demapping
number of frequency domain conplex values in the 15
aqcerding @ thimeguakaM si gnal . Preferably, the third stage

in&%ﬁ%ﬁi@» I%?f/é?bﬁ 5}72%&{3@??3ﬂ?a”@ %e“%?%ﬁ where X, ()
=m i | + 1), . =0, 2-9
3 i Koo Bt 0 g N gumber of
D AR lesiR 8ol B FEMTBIg N

conplex values in the received data OFDM si gnal .

Preferably, the demapper stage . is arranged, to wejght .
Aceesdingiaia thighaspedt afiiee m@%d@l\tﬂﬁ;wnaf@gﬁ § R@Vﬁ?%ﬂ geceiver

i Y = - & = .

o Whaping (568, ol Hbanbd) ety il ot o

apgeatusndsfinedf abovaquency domai n conpl ex val ues in the
recei ved data OFDM signal, p(k) is the Y-domain

wei ghting factor, YR (k) is the weighted input signal
t ime - 3|2 -
TRs dz?ﬂ%. &?ﬂglﬁ&;?feerfgﬂ'ﬁg ,Errtléég)lme'n?s RRidAIH T 31Z5ded 3EReme for soft

sl gn demapper stage is arranged
deaisipademapping efdudkoaipipr mpduwated GORPM signiads.
equation: X R (i) =f (YR (K), YR(k + N/ 2)), i e
[0,2N -1] and k e [0, N/ 2 -1] , where XR (i) 5 1is
i i ) is the weighted signal,
BHBP ddSERBRSH of ebravffh g g

and N 1s"the nu requency domai n conpl ex
Predémed embadiments of thecpréaent iaveniian wibnow sgripgdday way of

o hiler o S Sbte a0 B dRinddSIRIGRD there s

Figure 1 is a block schematic of a conventional COFDM baseband system;
Figure 2 is an Argand diagram of QPSK constellation bit encoding;

Figure 3(a) is an Argand diagram showing a first DCM constellation mapping;

Figure 3(b) is an Argand diagram showing a second DCM constellation

mapping;

Figure 4 is a schematic flow diagram showing a method for demapping dual
carrier modulated COFDM signals according to a preferred embodiment of the

invention;
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for demappi ng dual carrier nodul ated COW signal s
conprising the 10 apparatus defined above. Thus, one
or nore preferred enbodi nents provide a CSI-ai ded
schene for soft- decision demappi ng of dual -carrier
nmodul ated COMW signals. 15 Bgief description of the
Drawi ngs Preferred enbodi nents of the present

Fiigm/q? ,t(%)? 5 é\ﬁn{cl@\ttle VYpEe deg%ﬁhg@d %t% sy ﬁ%?-iegure f%lrﬁgdoefore

cy- %ﬁi&a@&é}ﬁaa@n@ With @ HIGMSNR;i onal COMM baseband
system Igure 2 IS an Argand di agram of QPSK

constellation bit encoding; Figure 3(a) is an Argand

PPN Mol 1 Shn PG BT AR oy oR o B -
afa@asde?hé@mgmwtmmmmsNR:l gure 4 is a schematic flow

di agram showi ng a net hod for demappi ng dual carrier
nodul at ed COW si gnal s accord| ng to a preferred

ngéﬁg?dééﬁgig faoo?éttcbgﬁlo%%f' ' d %c’fécﬂ%ﬁs@léilohspcﬁnts before

er ent constell ation

CSMaided beﬁmppmgcwlthanotmbrdwmmm@ with a high SNR

Figure 5(b) is a scatterplot of coherently detected
constellation points after CSI- 5 aided demapping wth

Fue $la R sE%%Pot%%hb%rﬁigﬁfeiéét@a Relstetation pintder CSH-

ct conste ation pointsS before CSl-aid
adﬁd&ﬂmagpmtmtmanwaﬁonﬂhaN%md 10 Figure 5(d) is a
scatterpl ot of coherently detected constellation
points after CSI- aided demapping with an operati onal

Fﬁﬂﬁe Gmig &1 GrabA éor‘n afing"tABNpEMEMRiRGY (thae isethieoperosrtage of
t h%légercen ag egof Bnexpect ed(pol arity P °

unexpecstednpolagtyl rﬂ,\terSIbB) SgRingt taes§blPemfaa:§ustﬁmgaqcer<Hng to a
preferred embodiment of the present invention and a conventional hard decision

system in a CM1 environment at data rate of 480 Mb/s.

Detailed Description of Preferred Embodiments

A conventional COFDM baseband communication channel system 1 is depicted
in Figure 1. The system 1 comprises three parts, a transmitter section 2, a
communication channel 4, and a receiver section 6. The transmitter section 2
comprises a channel encoder 8 for receiving an input signal. The output of the
channel encoder 8 is connected to the input of an interleaver stage 10. The
output of the interleaver stage 10 is connected to the input of a modulation
mapper 12, the digital outputs of which are applied to the inputs of an Inverse
Fast Fourier Transform (IFFT) stage 14. The outputs of the IFFT stage 14 are
applied to a multiplexer stage 16. The output of the multiplexer is connected to
the input of a digital to analog converter stage 18, the output of which is sent to
the communication channel 4.

The communication channel 4 is modeled as a multipath fading channel with
channel impulse response, h(t) 20, and corrupted by an additive noise 21. At
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15 preferred enbodi mrent of the present invention and a
conventional hard decision systemin a CM
environment at data rate of 480 Mo/s. Detailed
Description of Preferred Enbodi nents A conventiona
COW baseband conmuni cati on ghannel system| is
depicted 20 in Figure 1. The system 1 conprises three

: t
oot MR 4 o Shr BogRRITHOLE 3o Lhppurication
cteatiel dris Zonventgd i digital sigaahiy ae Iamalm t08d|gtbal cuewerter 83. The
ool el s AL P let 5 5S8R 9 5BE° I of

d%@ﬁltl RN Wagd f2‘4 €hé gﬂf%utgaﬂ’c% \ﬁﬁl@ﬁearéoa%:ﬁleﬁow“ﬂ@ ﬁﬁ‘)uts of a

elnut ation 25 ma

_ FaﬁitFEmuneroTrawam'm (aEEeT)astpgeeZB td hermJtputwo’:sthef F&m stage 26 are

qu)]ver?% a(glfF%quh@ oql%,rzlsrt%rg{el iﬁé?@t gﬁ} tﬁtaa%%ailzer stage 26 is
cd’ﬂHédté& & te ﬁ‘kﬁﬂ f @moﬂ“uﬁht@irht Ma?ﬁeﬁ Ql%g@lﬂd | IhexQitplsof the

connected to ‘the input of a di t o "anal og
medulationedermapger staget B lamogs\nfecmd tehacdeinterieaer stage 32, the

ol AERRIEN 1§ 2ol S Pl for At BRARNESAD o

with channel inpulse response, h(t) 20, and corrupt ed
%@an additive noise 21. At 9 the receiver st at%
tsansroifies isgation 2e binarg inputsiata iase epspdad Oxt srponvolutlonal

Pt 5 TV ) AR PR AP 08 o
odtipat bits t6 Cm:t:@rﬁrﬁbdaté ﬂhie deyitddedataoratdie Aftgrusit imterdeaving in the

demul ti pl exer stage the out puts from which are
intgripaven stegendq, na‘tﬁ Diparya values-a i, B iase m%n&efdorqnto the

EFT). st a The Qut ts of ,the FFT sta 6ar
"‘g’ﬂ 4“@8 t%’%ﬁg?&iﬁ’gﬁl 28y 5%5%0%3“%(;"&& t g‘?h The
R oo G PRIt o Imors
F el nte rgg\?gr st a: ngéﬁg?e%QHgﬁtf ut ?Fﬁm Fgfbd;%éahon Up tothe
Invepse E@st <Eou.||n|er|Trrpnsfoom dFET) @tage ddc dbersystem operates in the
frequency domain however this is changed in the Inverse Fast Fourier

Transform (IFFT) stage 14 to operate in the time domain.

The output signals of the IFFT stage 14 are applied to the multiplexer stage 16
where they are multiplexed and the resulting output signal is converted from
digital mode to analog mode in the digital to analog converter stage 18. The
analog signal is then sent to the communication channel 4 where it may be
distorted by multipath channel fading 20 as well as corrupted by the channel
noise 21.

In the receiver section 6, after pérforming the appropriate timing acquisition and
frequency synchronization in the demultiplexer stage 24, a FFT is performed in
the FFT stage 26 to convert each time-domain OFDM symbol into N frequency-
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10 In the transmtter section 2, binary input data are
encoded by the convol utional channel encoder 8. The
coding rate may be adjusted by puncturing the coded
output bits to accompdate the desired data rate.

After bit interleaving in thg interleaver stage 10,
the binary values, {XT(k)}, are nmapped onto the 15

G BRI SR Tl B SEAH LK 8GRI be same
af. JF () Jout 30 Draofch, Y aRuddully HistoRER! B the EAtng) as well as

theDdisidiidl @arridiofrequémsy offssteessr Baglor iprihgedriffingtaiueet by the
(1 FFT) stage 14, the 'systemoperates in the frequenc

inggerate mtevbﬁlophiff@q%nguaﬁw heforenaeing useslas-tha input to the
EQUIi: T '

A Bho il S L A, el

it 15, AR B BBl BRI 9818, AR, BRY goos

e%ﬁ'ﬁéﬂ%rstgf éf’é@m ‘THheidofh éﬁ%‘éﬁoﬁ%%@#&ﬁné@%&hﬂﬂgr‘% gfrequency-

I gital og converter stage 18. The

.d%wanﬁésﬂrﬁatéﬂ@ﬁwénérﬁishm RN {E@ MhahRNAR) CEI. After this

ere it may be distorted by nmultipa channel fadin

céerant uslection, theréquriliedd andtpraasehsffsuticorreetekvallies! {Y, ?k)} are
the receiver section 6, after performng the

dempppediint thet deimagper gtags BDoandibe rasultardqualuey, {X,(k)}, are
synchroni zation in the demultipl exer stage 24, a F

FT
thes sle-interiaayedn inhéhe-rdeipteslgaver stagedavbeforeabring decoded,

ol TG . B el BRIt bis
val ues should be same as {YT (k)}, but in practice
they are usualli/i@di storted by the channel as well

In the transmaitier sesfien & the sybewfeipr sopstellation sranpiag gpplied in the
PRI soe 120 SPRRReY lthier WERH G4 Ganes MR, Both
typesodifil atodulatismapedormst aigls8ubtdreer amamping. YIFdrk )description
oo S RO 8 S, BB 8E §ton s us
as an example for further explanation. With QPSK modulation, the coded and
interleaved binary serial input data, 5[] where i=0,2,.--, is divided into groups
of 2 bits, (p[2k]5[2%+1]), and converted into a complex number, Y, (k),
according to the Gray-coded constellation mapping as shown in Figure 2.
Mathematically, the output values, ¥,(k), can be obtained as

Yr(k) = Kpsop* X1 (€)= Kprop * I+ JO) = Kpgop X {(2-b[2k1-1) + 22k +1]-D}hE=012,.. (1)

where K,,,, =1/ 2 is the normalization factor for QPSK constellation mapping.

The output of the demapper stage in Figure 1 may be denoted as:
X (k)=Y (k) K op» k=0,,2.. (2)



10

15

20

25

30

estimates of (YT(k)). The conpensation is performed by
using a frequency- donmain estinmate of the transm ssion
channel, {H(k)}, that is, the CSI. After this

coherent detection, the equalized and

phase-of fset-corrected valuag {YR (k)} are 10 denapped
in the demapper stage 30 and the resultant val ues,

In: th) decef/e? stégé% dey b F\i%‘l/gqg%ij dribrt Br%b‘é%ill%efﬂe vééfﬁr ecision,

stage32 beforé béing eco pr et er abl
ln@teadd)érthemrddecemahouwbbe used for thedViterbbdeeodiog. It may be

Bt ok B R05 B i, FRERA o S MBBBI L e

debisidly deading is$ fﬂny‘@ fof ACKWBHLEIRd M. ThidvisQfédcribed, for

Both types of nodul ati on perform single-subcarrier

ewp;ﬁenm t%rptﬂﬂ!g%ﬁ@fpthmﬂl s dTreakiseadd Mndalghinsammysication
S)%fterqg n,pcﬁhéeﬁng d&.Bﬁ BraitidEogut %@ Jé@%@ﬁsﬁﬁm Blowever,

an exa er expl anation.’
innprauticd, i whent fhe f.awl eﬂeﬂ:t i$ rtaksn dmoedob$|derat|0$1eh1 al wireless

oEPBtuston stards tseﬁrchsfszﬂq\ Gipoiinaractusly ReHBHS pgorly and its
péﬁﬂrﬁaﬂcéoﬁﬁgeévéwmehucm\%ase th%\?icﬂfa@'cffghér‘él d&@sion dgcoding.

coded Constellation na mg hown in Figure
Tmatlhedesqrtb@ldlm theepuhjlcpu@n\,w s R. \G( Lé}utlecralsb rmour P. N.

FIGRRY KB AR (BY SRy iesh; dpgodin steatedies for 5
GHEWirdledsDAN sttemél)pdmlghéd PR E LIEEE 54iWeh. Technol. Conf,

normal i zation factor QPSK constell ation nma p|

VDG 20@1 dallwpep.of 7+ deﬂmmm&@amepewﬁomn@me atigs with

stefidsthEtEeciSBn Boggintinthis dassEolueltgTng i o?mﬁo‘ﬁ*v'ﬁ&eﬁect

of ptheb fieigliehyy dManhOégudIizatlahOproceiss,Stmdiscpfthehnoise on highly
har d- deci si on, shoul d be used ffor tlhe i terbi )
%@&ﬁ%gsuhc@rmff BeenBapeRd Sienifican ydv%e@ i depeivRg csymbol

st Sho

g ng |s rougﬁlted f@ %ﬁ?\gpﬁgﬁﬁemﬁcﬂ%ﬂgyﬂﬁﬁlg :Buﬂer S.

Artdmmm ifhed, Aletchér, eXaRplNix, iandt Be RhuBull,cenfitted BYitérbi @ecoding
Proaki g a al ehi ni catl S

Stimgaas dor RS nirains LAN SRSy aublianed P JEEE 54th Veh,

Tedidl. CBREVETC 2001 Fall, pp. 77—81, this unexpected performance loss

may be recovered by weighting the path metrics of the Viterbi decoder 34 using

the magnitude of CSI. Or, equivalently, one may simply use the CSI, {H(k)}, to

weight the complex input of the modulation demapper 30 as follows,

7,0 =Y, 0|A®)|, for k=0 to N-1, (3)

where ‘PI(k)I is the normalized magnitude of H(k) on the k" subcarrier, and N is

the number of data subcarriers contained in an OFDM symbol.

Accordingly, Equation (2) may be modified as follows:

Xy (k) =Y, (k)/ K ppop, k=01,2.... @)
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in practice, when the fading effect is taken into
consideration in a wireless OFDM system standard
soft - deci si on decodi ng actually perforns poorly and
its performance may even be nmuch worse than that of
har d- deci si on decoding. 10 T s is. described in the
publlcat|on by M R G Butler, S Arnour, P. N

Trgé Bﬁétlorﬁfor%%d\é\t?bnfsa(ﬂﬁig% &E_{pziqub{ Yvh@ﬁﬁhéh%igﬁi%ﬂd‘eeﬁf%e CSl

odi ng strategles

orp"allEibd:é’ﬁ@Fj K EH?EIEQS |AigeE %t@% edT lyal§@dh this/Hdividual

2001 Fal The si I cant perfornance

S0, X or ORI A SbR 4 o e

WélEﬁtlrflé QQH@F%QO@'WHW | ideRcey SR6ER bbhsdletted for soft-

e noise on highly attenuated subcarriers is
desigian demasiping, fansavice yergeen t he recei ved synbol
magni t udes are normalized. As shown in the publication
by M R G Butler, S. Armour, P. N Fletcher, A R

AdsHowand tihe Pﬁbllé’aﬂdn beM.IR. |@0|Bui{/éart &. rmEOP! NO Fletcher, A. R.

strategies Wi rel ess LAN systens, " published
Nixnapgd &5 R.| Byl entttlﬁdvynerm@iec@dlﬁ\scﬁtratemﬁs fOW@lz@omreless LAN

s;)é?ér%s " bllgl'gecgﬂn PHH? |ng Ay it h%h&‘@ [ e Lr%ﬁﬁooﬁ%u pp.

be ' recovere
7By Mhei'edhdetutﬁﬁaruensnm anh©FRDgnsystdm are CAPSKY or M-QAM

midhighed. e Visighing efhodnaiveRo i Beions(Dubns psvedoto be
efflb,%tlggl) fdz?‘g@mﬂg&l(wp) te Yerror febhrekAisa ! 3ap§t5?Ft¥ "2 oYi@eHrP’()decoder.

ere Fis the normalized nmagnit
Importantly kthie application @f Fauation(8)simplies thatdres comstdbation point is

o BRI B3, SRS 1 5 ROl SRR o o

ca‘é@@r tH%rlone1= r3te tranérﬂ?ssiiﬁ’m WRereTt'h% &iﬁ%ﬁﬂéﬁélcﬁJPBN constellatlon

Equati ons (3) d (4) is that when th magnltu
mah@lnwem@mplsgbsaemm@yeq Hov\@veargeﬂhetq:aseequalnlghedata rate

waRPRSHighcwhBreihg Bk IS VBB s MRl torbiouf ) Bb ulstitanie

sih@¥ @8é constellation point is now related to two different subcarriers.

As described in the WiMedia Alliance publication of D. Leeper, “Overview of
MB-OFDM,” published in the website http://www.wimedia.org/, July 2005, to
provide intra~-OFDM-symbol frequency diversity, the DCM modulation technique
divides the coded and interleaved binary serial input data, b[i], where i =
0,1,2,- - - , into groups of 2N bits and converts them into N complex symbol
values. The conversion consists of two procedures. Firstly, the 2N coded and
interleaved bits are grouped into N/2 groups of 4 bits. Each group is
represented as (b[g(k)], blg(k)+l], blg(k)+N/2], b[g(k)+N/2+I]), where k [0, N/2-
{] and

o )={2k ke[0,N/4-1] 5)

2k +N/2 ke[N/4,N/2-1]
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wei ghting factor (that is, with high confidence)
shoul d be selected for soft- 5 decision demappi ng, and
vice versa. As shown in the publication by M R G
Butler, S. Armour, P. N. Fletcher, A R N x, and D.
R Bull, entitled "Viterbi dﬁpoding strategies for 5
GHz wireless LAN systens," published in Proc. |EEE

h 1 1 ;
e vy 0 o S Mg i
mﬂpmﬂd/lonlﬁ@adbat‘-dd’nenﬂenaletn@ateIMIoneab@dhogm/mnFlgures 3a and 3b,

arff8hydiled e, PRROEX BB DXr B LF Ve c BEF PPiving @
ndrﬂ%)ét%ﬁéﬁ lYeto} hRm&Pl /'ﬁ%‘ L 11AB ¢ &Bcﬁ%\*%‘ t%g%t{l}?é {751} then

one const’el onIy

fosnsdhe nsptttdertheG(DFDMﬂmdmfeuéﬂaal\blUdBa%yﬁcﬁm it Figuré 9. Referring
also the 15 case for the |lower rate transni ssion where

tothigurgohwit A% i GrraP - sk @bﬂtsrﬁethealntaﬂeamdﬂpﬁ vajuee biipgiihg | are
Ho f high d
maf L et bl §335058 S sl amepon

S P BEpAT 34 bl 68 BRSSP b il

syhsbals 9G{i) ttecbmplet)d'sa/rwdvgd{gmsl i ance publication of D

Leeper, "Overview of published in the

N
Iwiov:MQe PH a/ /QFW o &F‘oég&%ﬁe’;} ﬁ?'{%g?’@tyz)the

nodul agi o 5 [di vi des the coded and )
¥, 10k € N se 1.36) (2R -idlati-@Xrt@h]Fth-eﬂel-l)
0,1,24 -2-1, |nto groups of 2N bits and converZs them

into N conpl ex synbol 25 val ues. The conversion
consi sts of two procedures. Firstly, the 2N coded and

fot nt=e 0l teaN/&Ed1 kahtjsma:r 0 torehetedpiindingly, thedDOM 86nmapping at the
bits. Each group represented as (b[g(k)],

reféf'gek?nqi]na)b%@eyfmmp asp[ g( k) +N/ 2+1]), where k E [0,
N'2- 1] and 12k ke[0, N'4-1] g(k) 2k+N 2 ke[ N 4, N/ 2- 1]
(5) 30

N
X,(2n+ X, (2 — - .
Rt mN)+ JXy @t mN+2) Jﬁ[ke{vmlm{v}] 7)
XR(Zn+mN+1)+jXR(2n+mN+%+l Re{}+ jim{y}
where U=2Vs(n+mN/4)+¥g(n+mN/4+N/2)and

V="Cg(n+mN/4)-2Yp(n+mN/4+N/2),for n =0toN/4-1 and m= 0to1.

For description convenience, Equation (7) can be equivalently represented in a
compact form as

X,0) = f(y k), Yo (k+N/2),i € [02N-1] and ke[0O,N/2~-1], (8)

where the system-defined demapping function () is linear as can be seen from

Equation (7).
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13 Next, each group of 4 bits (b[g(k)], b[g(k)+1],

b[ g(k)+N 2], b[g(k)+N 2+1]) is nmapped onto a

four-di mensi onal constellation, as shown in Figures 3a
and 3b, and converted into two conpl ex nunbers
{YT(k), YT(k+N' 2)}. After apalying a normalization
factor, KMOO=1 / 10 , the bl ock of conplex synbols

It (:é’ﬂ_(ﬂfé )seteheﬁ'o% ERuz®ioh h(‘B)'éWﬁdLﬁeé g GhaMagaAst %&é QIE?I and

bl ock as shown in Figure’l. Referring to Figure

imXGinGry par® ob{Vik)} Bré Mahted at 1116 -infes/ERured bt (with Kuop)-
val ues blL bE {0,1 } are mapped into bipolar synbols
As@ resuit the DCM qqmtqb@tma&mmmagua@thermlwge ig\aensitive to

N T
gy 53R, fordie srboN D entn destgalBlofy  Fges o

anﬂ(BtRk)c[I@}similjar torthatof a1 REJAR-moaddgition,dn factthe tvo modulation

syBlerpiitEg ok I e Case. e EM. SRaN He AR AuP el (4 i9deund o
be(l\l_l@af' L f tf% Ru;fg@ subgmnerz(a)é%zﬂ ”L\S*éé J‘I%%%W)%t to two

different subcarriers, that is, as a function of ¥, (k) and ¥, (k+N/2).

To obtain Y,(k) and Y,(k+N/2), one cannot directly follow Equation (3) to

weight 7, (k) by ’H(k)' and Y,(k+N/2) by |ﬁ(k+N/2)| independently. If, for

example, one of |I§I(k)| and |I§!(k+N / 2)| is large and the other is very small

(such as is the case if deep fading exists on that subcarrier), the direct use of
Equation (3) may not only change the magnitude of the demapped value,

X, (i), but may also mistakenly reverse its sign. This, of course, is not desirable

for the following soft decision decoding in this case.

According to one or more preferred embodiments, this issue is further
investigated and a technique for demapping the DCM signals with improved
decoding performance has been developed.

Based on the above observations, a method for weighting the input of DCM
demapper according to a preferred embodiment of the invention is proposed as
follows:

Yr(k) = Yr(k)-p(k)- Alk), for k=0 to N -1 (9)
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U=22 (n+m\ 4) +YR( n+nlV 4+N 2) and V =YR(n+nilV 4) - 22
(n+mM\V 4+N/ 2), for n = 0to N4 -1 and m=0to 1. 20
For description conveni ence, Equation (7) can be

equi valently represented in a conpact formas XR (i)
=f (YR(k), YR(k + N/ 2)1si E[0,2N-1] and k E
[0, N12-1], (8) where the system defined demappi ng

A R N s Bo TR SR e bp datarmined

Fl gures 3a and 3b that the real and inmaginary parts

thedughYattuhl desiguaraeticedt and, o) =i 4G &IV @2)3 m MIFM)[L%/H(QQN/Z)’)
(with KMOO). As a result, the DCM constell a

fo PERPRY AT 22l (iR, Bz?ﬁ?dfié’rﬁsr th%'kqnfaﬁerstﬁibsbf by V‘:‘an'dog) IRe 0 jdea is to

magni t ude vari ati on the real or 1 mginary

firdRapidy - theHiys-dosnalint iveighting? ﬁ%@ﬂ@sﬁmté@@(mrand then apply
al t hough the constellati on nappi ng shown in Figures 3a

thandX 3domaik sweighitingr A(9, tteacowteract dhenhghodegrse ofi, nonse on
|nf?%é he two, nodul ati on vtgysterrs differ as, .int
e CRIiers- der?erHgHg jsubwo QFQ('P')‘S'Or‘Q' fusing tp@ter soft-

d&?sﬂngH%i&%ingﬁjeﬁdgn?amngbqgngg%%;el ger (as is the case

er ent subcarrlers that is,
as a function of YR (k) and YR(k+NI 10 To

T4 Brelaib BRIt At examints s ieRtvonpes Bf ﬁwﬁﬁvﬁ'{ opoiing to a

préfe@?e&émbbﬁi?ﬁé%t?éf'thé "'r‘il%?ﬁ@ﬂeﬂ{é ﬁbiloMng tfh?ée ty‘iﬂ@éT%'cénarlos may

one of i's large and the other'I's very
b%ﬂ@ﬂ$de¢§uch as |s the case if deep fading exists on

that subcarrier), the direct use of 15 Equation (3)

may not onIy change the magni tude of the demapped

cy& Yo Th| gt gﬁ(ﬁgt angy |ﬁt}§not %L%@nwgf %}‘n‘?érllst Jiftout loss of

sign. urse, sira
fol | ow ng sgft deci si on decoding in_this case.

genecalityi (b & (br- Ntk iprasisemast Rofievdngerauatiami@), in this
issue is further 20 investlgated and a techni que for

casen?ﬁg' gighﬁr?g [?gMors %nalim) 'dn?rﬁcveﬂlu)become |H(k)l and

|FI (k)HFI (k+N /2)| respectively. As the difference between these two weighting

factors is within a small range, that is, IEI(k)I2 z|ﬁ(k)|-‘ﬁ(k+N /2)‘, the two-

dimensional tuning converges to one-dimensional weighting. Similar to that in
Equation (3), improved soft decision demapping is thus expected.

Case || — Both lH(k)| and ‘ﬁ(k+N / 2)| are large. Without loss of generality,
lﬁ(k)| <|I§I(k+N / 2)| is assumed. In this case, the weighting factors on Y, (k)

and Y,(k+N/2) are found to be same - alﬁ(k)'. Again, the two-dimensional

tuning converges to one-dimensional weighting and improved CSl-aided soft

decision demapping may also be expected in this scenario.
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decodi ng performance has been devel oped. Based on the
above observations, a nethod for weighting the input
of DCM demapper according to a preferred enbodi nment

of the invention is proposed as 25 foll ows:

YR( k) YR(k)--p(k)A(k), for KO to N-1 (9) 15 Here,
p(k) = mn(lI(k)I, (a- 1s an enplrlcal constant and

Zanllp%( et ¥ (H-ﬁg)' @"%EW@hmﬁﬁ%ﬂ |§ z?r%%l rea%:q Ie(rzle%\y?ry small.

) for i 0 to N2-1. (n in(x, y) neans the
Wéhalt évssomod g)éneratihyd ify )it isTressuned itksatt (E{I‘St vagplisynall and
the "Y-donmai n" weighting, p(k), to a limted extent

AL ISR FARFind FHO () ELA b, e iy factors

subcarrl ers. By using this t -d| menS| onal tuning,

(tkgramfygr(k A2y i mtodes (1 (‘V@tﬁ&p&&ivé@ and

I eved o explain furt e nd exam ne the

S? of crlFdB) EngHAN I (. |iike S {2+ M) ol | ovi ng (10)

t hree typl cal scenarios may be considered: Case | -

RO e i 8 0 o o

h 5 h h f
N ek d&ﬁbt &'t rentast R e, SpPRRyE RN IEAR (& higher
rellablllty(lh“t'Nﬁs?bbsé eNN8S WM, the Selbbtforflof Hes Wéi?htli?ﬁj Y&RA6r to be

thesé two weighting factors is wthin a s range,

|e%§‘athahsgfg{i{ﬁ/22) bhh(@/én leb%'tﬁw‘én 12‘/(19@]‘ (k+1{‘Pz)  “finits the

I Mensi unring converges to one SIrona

it ituesh thentys, el FrotSr8Gbd Becdbtptig Ry therety

thB@fbre'n@é}ﬁldriéd( LKndesN‘ab?é blg’ﬂft%vbﬁd‘ Qﬁ? of Wé H@bﬁadp&ﬁvaﬂﬁe may be

general it é'é < | lsd(: i s assuned.
prevenfedas s enee tgmbaigmf tWﬁlghfdﬂQ wa twg Subcarrers may be

achieved with a good compromise between maintaining the signal integrity and

suppressing the noise. This is helpful for a soft decision channel decoder to
achieve good decoding performance.

Following the above description, Figure 4 shows a schematic flow diagram of a
method for demapping dual carrier modulated OFDM signals according to a
preferred embodiment of the invention for use in a receiver section of an OFDM
system such as that shown in Figure 1. The method includes the following
steps:

(1) In a first stage 40, normalization is performed on the estimated channel state

information H(k) to obtain |f? (k)| , k=0to N-1.
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and YR (k + NV 2) are found to be sane - 6111 (k)I.
Agai n, the two-di nensional tuning converges to

one-di mensi onal wei ghting and i nproved CSI-ai ded soft
25 deci sion demappi ng may al so be expected in this
scenario. 16 Case Ill - Oneipof land lis large and the
other is very small. Wthout |oss of generality, if

(ZP:ln b ScRoAY Teshd hﬁtdéﬂeﬁn}fﬁﬁd tl'ﬁé“gldorﬁé*ﬂ wclﬁgﬁtul\q?‘f%ﬁfor do(k) min

[ owi ng Equati on , case

d YR(k +N 2) b 1H( k d
(@?ﬂ ?2’) °rrq£s§§£<:‘i(|) v-elny and(5 I H( k) )2 <ego|rr:9| ((k)?J < ?n

I + N/ 2)I <Iff(k + N/ 2) z (10) The sel ection of
the weighting factor on YR (k + N/ 2) to be greater

(3) Ihea thha%tégfgm @étéaﬁtm@tr@‘ Xidenaiacheigh ¥a&¢or

subcarri er is of higher relia |I| y inthis
AHseA (i Maanmhi hﬁn(’Hb%HQi ent/i2g) fof i £ltetomizit i ng fact or
to be less than'llI(’k + N 2)'1Z and even | ess than
[TT(k)I - 11 (k +N 2)I limts the 10 difference
between the two weighting factors to an acceptable

(4) dmgefauitly stage ffe parf@rrequwaatimmtheam@eiv,ecgldata OFDM

e 30 08 0 StSnCETEREF BRI 2o agesabied e pifsymbol

frdf arfEPT 160k 41 Lia% AORG RefIPr o se bet ween
mal ntal Nl N

he "si'gnal” Tn eg ity and suppressing the
noi se. Th|s is helpful for a soft decision channe

(R ettt S a9 o welBue 186 G n sep 2
arﬁpmwn&lrpwe@rﬁ%g%f&r @ot?iﬁ%hﬁds%%rs ds 'WélBhf‘&ediﬁbht of a

carrier nodul ated DM signals according t
demeppersg] Brbpei WRRY - plk)t hek)| forenk Eartof/en, use in a

recei ver section of an OFDM 20 system such as that
shown in Figure 1. The nethod includes the follow ng
st eps: ﬁ&é In a first stage 40, normalization is
(Gbekf@ns stager B using Fa/od te pereEN linear demappingrasi on -
H(k) to obtain JA(K)j, k =0 to N 1.
X, (@) —f(Y (k),Y (k+N/2)),z e [0,2N-1] and k€[0,N/2-1].

The linear function f(-) follows Equation (8).

The above method according to a preferred embodiment of the present
invention has been applied to an OFDM UWB baseband system (not shown) for
verification. In this case, the DCM technique is used for three higher data rate
transmissions (320, 400 and 480 Mb/s). The simulation settings including the
channel environments are generally similar to those given in the publication by
IEEE P802.1 5-03/268r2, “Multi-band OFDM Physical Layer Proposal for IEEE
802.15 Task Group 3a,” Nov. 10, 2003. For convenience of comparison, in the
following experiment, perfect timing synchronization and carrier and clock

frequency offset estimation are also assumed.
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25 17 (2) In a second stage 42, determning the
Y-domai n wei ghting factor: p(k) = mn () HKk)I , 6),
for k =0to N1. (3) In athird stage 44, deternining
the X-domain weighting factor 5 ,%i) = A (i + N/ 2)
=mn( Hi)I,ITHiTI+N2)1), f i=0to N2-1. (4) In a
fourth stage 46, perform ng equalization on the

Infﬂfeelewﬁdrlﬁ\%‘n@ ﬂ@%n%@"ﬁ%n v?ﬂa(lb%is: uﬂéér nﬁé @3\ Xﬁ%(@o‘l aided

where YD(K) i recei ved
dmapwngcandztchff&rﬁntlsmts are demonstcat¢d) Whetathe Chanrselasggnal-to-

38 130 AT B A A S ey
PRI gL b BB i oo

expectdd sfmmgéigﬂresusangnd( 3b( g, it dheaydser of Figurars5(a), the noise
demappi ng as, E) f(YR (k), YR (k+N 2)%'3

amplifymoiefiegids meghgl |GN/ hergorraspondingseattarqol th);((k)) which is
follo uati.on .. 20 The above net hod according to

obialnea! BY PLEAHIBE B SHAIONO AT s deishowrimFigseral).” From

FRELATER ob W ofe el Mot R, O WBERYBY S RCLERp boen clearly

OSSR e WL, B8 el o8 2551 pe Fution
(9384 iM@Pnative walyng tbhéﬁ Q/a@g g £ M4k B@%&r’f oft' ¢, (éc% sggh that

generally S|mlartot ninthep |cat1'

e R e

10 2003. For conveni ence of corrparl son, in the
fol  owi ng experinent, perfect tinng synchronl zation

Inarath czases g aftan dpplym@( 7, thetp) Eqaution f(BRtthesiesaRihgasbfatecision
al so assuned.

demapped symbol values X, (1), are used as the input of a Viterbi decoder
which leads to similar system performance in both cases. However, when the
SNR is lower such that the system performance degradation caused by a noise
amplifying effect can no longer be ignored, the CSl-aided demapping according
to a preferred embodiment of the invention is advantageous over the a hard-
decision technique without CSI demapping. Figures 5(c) and 5(d) illustrate the
scatter-plots of Y, (k) and ¥,(k) under a low SNR situation. In this case, as the

constellation points in Figure 5(c) disperse to a greater extent, the simple hard- |
decision on the noisy equalized output Y, (k) will more likely cause unexpected
polarity reversion on the demapped symbol values than the CSl-aided
technique according to a preferred embodiment of the invention. To verify this,
simulations have been carried out to compare the percentages of unexpected
polarity reversion on X,(i) against different SNR's in both cases. The
statistical results are shown in Figure 6. It can be seen that the technique
according to a preferred embodiment of the present invention consistently leads
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In the experinment, the constellation variations under

no- CSI and CSl -ai ded demapping and different SNR s

are denonstrated. Wien the channel signal-to- noise

ratio (SNR) is very high, the equalized outputs, YR

(k), are typically presentepin a format as

illustrated in Figure 5(a). This scatter-plot may be 5

[ f

to%¥gure (%?Gﬂ?ﬁ(ﬁﬁéﬁ@g&ﬁ r Jﬁgner?Qk?S?QéﬁﬁeevaMesthan
theesiinpls hérel-datisioodechesigoadi ng scatter-plot of 1'(k),

which is obtained by exercising Equation (9) on YR

(k) , is shown in Figure 5(b). From Figure 5(b), it
Vifidds Bfodifigitiondato tHéeeﬁvﬁodimJeﬁi%t oMthee biétint liveritR@Ndescribed

clearly observed In this high-SNR case, instead of
akmeamaynke Mmade) Fl%lﬂ%@"ﬂdeaﬂﬂ‘@ﬁ cpmqogyent%ﬁndlm@ﬂwait steps can
bé“@éﬁﬂé@ h)? EUB%F%J %r‘i’f%’é aBoVi" 'ﬁ?%%itgbﬁﬂg?@e gf)ve(wlﬁ?)n has been

sSuc are va ued at

déé!brlbed%bdxib usingnphnichlarasmbodiaidris, aramyyvartatinskaret possible
quat i on

resul ting ft decision e ed )
withiRpihe %%nruaegf tﬁ@(qlﬁlmsarees WL Becleah o it%wﬂ'&ﬁa%%den without
to simlar tem
e o o e R oA e * When the: SNR i s

| ower such that the system perfornmance degradati on
caused by a noise anplifying effect can no | onger be
i gnored, the CSI-aided demappi ng according to a
preferred enbodi nent of the invention is advantageous
over the a hard- decision technique w thout CSI
demappi ng. Figures 5(c) and 5(d) illustrate the 20
scatter-plots of YR(k) and YR(k) under a | ow SNR
situation. In this case, as the constellation points
in Figure 5(c) disperse to a greater extent, the

si npl e hard- decision on the noisy equalized out put
YR(k) will nore likely cause unexpected polarity
reversion on the demapped synbol val ues than the

CSl -ai ded technique according to a preferred

enbodi ment of the invention. To verify this, 25
simul ati ons have been carried out to conpare the

per cent ages of unexpected polarity reversion on XR(i)
against different SNR's in both cases. The

statistical results are shown in Figure 6. It can be
seen that the technique according to a preferred
enbodi nent of the present invention consistently |eads
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19 to a | ower occurrence of incorrect sign reversion
on the demapped val ues than the sinple hard-decision
techni que. Various nodifications to the enbodi nents of
the present invention described 5 above may be nmde.
For exanpl e, other conponent2® and nmet hod steps can be
added or substituted for those above. Thus, although
cldiisi nvention has been described above using

particul ar enbodi ments, many variations are possible
within the scope of the clains, as will be clear to

1 A Ao A cardF RO LBl PR SR
cotepmging:ng dual carrier nodul ated COW signal s

conprising: 5 normalizing an estimated channel state
i nf oP@EAAIEING PG Mstimaied shannelstatednfaimation signalieobtain a

€] ' ' ; mning a Y-domain
n%ﬁ?%ﬁﬂi%@gbggﬁ%t?{% ?‘g%gngsgéﬁ%r i zed channel state
I nf odet@rmining iagvialomaia tvesightimgactor fiorddhainormelizdd channel
f%?,t?r fromthe normalized channel 10 state
sig 'B_q‘FHiqt'GH S9ndlal perforning equalization on a
I eC Ed B a HENb Rz MeidHling Ta 8loR frdn tr?&Hawal%dga%nei

i
signal; weighting an equali zeg data signal using the
statediofarmationi signalng factor and the X-domai n wei ghting

B G B B ST OBl BRI T o Bt an
ed\Rilighd eata Bigiwal;si gnal in the demapper.
weighting an equalized data signal using the Y-domain weighting factor
and the X-domain weighting factor to generate a weighted input signal of a
demapper; and
performing linear demapping of the weighted input signal in the
demapper.

2. A method according to claim 1, wherein the step of determining the Y-
domain weighting factor comprises determining the Y-domain weighting factor

according to the equation: p(k) = min( ‘H (k)|,a), for k =0 to N-1, where p(k)is

the Y-domain weighting factor, |1§r (k)‘ is the normalized magnitude of channel

state information signal, o is an empirical constant and N is the number of

frequency domain complex values in the received data OFDM signal.

3. A method according to any one of claims 1 or 2, wherein the step of
determining the X-domain weighting factor comprises determining the X-domain

weighting factor according to the equation:

AG@) =i+ N/2)= min(|z§r(i)|,|ﬁ(i +N/2)), fori=0to N/2-1 where A(j) is the X-

domain weighting factor, ‘H (i)l is the normalized magnitude of channel state
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2. A nmethod according to claim1, wherein the step of
determ ning the Y- 20 domai n wei ghting factor
conprises determ ning the Y-domain weighting factor
according to the equation: p(k) = mn(ll1(k)l,a), for
k =0to N1, where p(k) is2the Y-domain wei ghting

factor, II1H(k) is the normalized magnitude of channel
[ [ : ,
mfbh%faﬁoh %fﬂdﬁﬁud) i8 tlgegﬁhpb%a Szlf]r‘% u%ﬁ%?%ﬁ?&nﬂ%ﬁ@ﬁ%alues in

theaecm\sed dataw@an&slgr@ﬂ data OFDM signal. 25 3. A
met hod according to any one of clainms 1 or 2, wherein
the step of determning the X-domain weighting factor

4.conpAiraéthodeidording i@ ahhond- deH@'pﬁecé’@h@ hta:mg , WABFIh the
according to the equation: A(i) = 2(i + N12)

step Af waigh mglthwnnutmgzr)q)m the,demapper t:@mmnzes_ Wﬂmtmg the
e 5700135 Bt B REP TS24l 181 42010
N&o%eﬂgc’féﬁjﬁfssﬁb%%di%?g‘ﬁw'g'éﬁﬁ$§8&u3@d3c§ 6o aubHgH0! Pequency
doth&IRE r%\exe‘am’etshﬂQh@?éﬁl%qlga%%?m/bg@?\aﬁdog@?sthe domain

pr ece clalms, where

ly t
weilifito B B 5 e TBARE In RO A G iRy dlter é&% alh)
,s(ﬂ@ eqilided-datbleigndior k = 0 to N1, where 2(k) is the

X-domai n weighting factor, Nis the nunber of

frequency domain conplex values in the received data

5. O StBRdceoRSd 10 ok e AT HrBoodify UHinaguldeiiie step of

perfatming likgar démappihgeortprivleisgsstatating saidnstep aecoring to the
rret )hod according to any one of the preceding clains

iPBi n t he step of performng |inear denmapping

2352 ﬁ?(&%&%{“x\f%a‘d R B RSN 3 - B where x,()
is hé c?iema]ppeg 3|gna E’ (k?'/.s thg Wev\,ﬁeglnpu(t s)gnal of the demapper, N

is the number of frequency domain complex values in the received data OFDM
signal, and f(-) is the system-defined linear demapping function.

6. An apparatus for demapping dual carrier modulated OFDM signals
comprising:

a first stage arranged to normalize an estimated channel state
information signal to obtain a normalized channel state information signal;

a second stage arranged to determine a Y-domain weighting factor from
the normalized channel state information signal,

a third stage arranged to determine an X-domain weighting factor from
the normalized channel state information signal;

an equalization stage for performing equalization on a received data
OFDM signal to obtain an equalized data signal; and
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is the demapped signal, YR (k) is the weighted input
signal of the demapper, N is the nunber of frequency
domai n conpl ex values in the received data OFDM
signal, and f() is the systemdefined |inear demappi ng
function. 20 6. An apparatus2¥ or demappi ng dual
carrier nodul ated OFDM signals conprising: a first

St A0R dRfiaRER Stddh AREAZL IPwRINHE 3h' dilfde WBRN Slgnal &difig the

i nformation signal norma |zed chan
stYademairi melgittin@rfastog @ald; the Xedoovadn me&{g'elr@rfaa’mgéd generate a

nd1tated Tofur s A8 Pheb et elrthe datibooe & ffranoed to

s pagformriinyag eénspieg of tHeWeightet FRUREINALLEINE démapper.
factor from the normalized channel state information

signal; an equalization st age for perform ng

7.2 B b oG 1 Rihifi B B R gl G881 "

an equal’l eirapper stag

arsangettedd etermiregthie Moamlah/vag:ht|n§afaetc&rlegmakdmg ite'¢hé bQuation:
Y-domai n, wejghting factor and the X-domai n wei ghting

pllac min(ﬂld (Deagyr farek a0 teeNghtvebrenp(k) isthgndidomhaia weighting
demappe erein the demapper is arranged to perform

fagf ?%ﬁl@%haﬁﬂ& zetdhr‘?\a Y Sfjcl’aé}%gl s?étgqﬁforrﬂ%tlbn%lgnal o

appara us accor

YA bicel Eorfiarting M8 dne Buptheiitaray ore Soindh Rompiex
vahide inthelrecbiel)datd OFDMAsigial= O to N-1, where p(k) is
the Y-domain weighting factor Ifi(k)l is the

nor mal’i zed nagnitude of channel state information

sign Lrical. co ' . .
85, B et B ARG RO, S0 1 e i
stage & ardnged to Gefeviningtim X-ddmdin weighting factacacuotding to the
to any one of clainms 6 or 7, V\/nerelnthethlrd st age

equatign anged to determine the X-domain wei ghting factor
ABFSYFLRE )2 mm?lH(z)|,|H(z +N/2)), fori= 0 to N/2-1 where (i) is the X-

domain weighting factor, |H (i)l is the normalized magnitude of channel state

information signal, and N is the number of frequency domain complex values in
the received data OFDM signal.

9. An apparatus according to any one of claims 6 to 8, wherein the
demappaer stage is arranged to weight the input signal in the demapper

according to the equation: ?R (k) = Yy (k) - p(k)- A(k), for k=0to N-1, where
/l(k) is the X-domain weighting factor, N is the number of frequency domain
complex values in the received data OFDM signal, p(k) is the Y-domain
weighting factor, f’R (k) is the weighted signal and Y, (k) is the equalized data

signal.
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15 equation: 2(i) _,%i+N2) =mn()H(i)I,ITHi+N2)1),

for i = 0to N2-1 where 2(i) is the X- domain

wei ghting factor, IH(i)l is the normalized nagnitude

of channel state information signal, and Nis the

nunber of frequency domain cazgwplex values in the

recei ved data OFDM signal. 20 9. An apparat us
1@09\Wé;daﬂéiaﬁ% é’cf&b.r&ﬁﬂg t8fang|c§?'ie'"@f Gaihs 8 to WNAHREnthE demapper
demappaer stage I1s arranged to wei ght thé input srgnal
isiatrangeddemesform linsaralemhagping acberdinguta thenequritiopk) =

YR (k) 6p(kZ}.Z}(k), for k =0 to N1, where 2§k) IS .
X @ x- fenedfoh Yadk ghY | 20, it fQ3V -1 and ked0Virded] gvhere X, ()
. frequency domain 25 conplex values in the received
isdbe sleorappesi gjgaal, Yp(K) ISintEewmgMeddmutrﬂgmli qftthe sgmapper, N
. factor, YR_(K) is the weighted signhal ,and YR (k), Is
it ngibaY oS Sipasgy ompia Complex yauea s Ik toa dsta OFDM
SIBRECEAHNACH & heVeyRRnlefbaiifBaP dbMappind irion! he

emapper” "is arranged to perform | i near "demappi ng
according to the equation: XR (i) = f(YR (k), YR

ths " thasbdiapiosdesvaping Cunl sapor icckiate GAFDR dpels
o

si&gﬁﬁg ; [ BUEPEY

freq erhcyg gﬁ%‘?ﬁ%@% %a&gﬁ%'ggcgaﬂﬁ?he recei ved data
OFDM signal, and f () is the systemdefined |inear
demappi ng function. 11. A receiver for demappi ng dual

carrier nodul ated COW signals conprising the
apparatus of any one of clains 6 to 10. 10



