10

15

20

25

30

Met hod for transmtting data, nmethod for receiving
data, transmtter, receiver, and conputer program

wonrowwsss3Fi el d of the invention The inventi onPCEIS&2@S/000019

to a nethod for transmtiing data, a nethod for
receiving data, a transmtter, a receiver, and
 MetKEdELE gl it lec=s,. mBaﬂkgidmmujndbaﬂwangvdaﬁa
I n communi cati on, systens, nethods for detectin qu
R TRy G Sra S5t SOER e & RS ST o
used to increase reliability. One p033|b|I|ty is to
use Low density parit -check (LDPC) code which is
described in | ppr oachi ng codi ng
schenme whi ch has attracted a lot of attention
nowadays. Conpared with turbo code, which is also a
The ircefacidry-appioashicog £ agethddDPfoeodeanamitietingr data, a
performance in case of a large bl ock size even though

methodt hEoHe&8arAYiRENARSE 1 y2i SYRSBYHLGT 1 hdt e s  and
h ppwegrci al advantage of LDPC is that the
comput%%PgIBQ?gﬁthﬁgve expi red, so conpani es can use LDPC
wi t hout having to pay for intellectual property

rights. The_usage of .an £k C encoder together with an
M ary nDduI5&8ngggﬁgbg—aggéE#@%eegea—nDduIatlon is

described in [2] and provides for high power and

bandw dth efficiency. The Mary nodul ator nmaps every
In CP@QQM@JP@MCWW% t Behhedast et Pt i sletepMag, fond

correéaﬁﬂp Bre) %0%%5%3§6%§%Q¥1 | {0 n M S5 IBPPLAY 4988 to

ntro UCG any | at ency ransm SSI1 0N,
increase reliability. One p0551b111ty is to use Low-density

parity-check (LDPC) code which is described in [1] and 1is a

capacity-approaching coding scheme which has attracted a lot

‘of attention nowadays. Compared with turbo code,. which is

also a capacity-approaching code, LDPC code has better
performance in case of a large block size even though the

decoding complexity is less that that of tgrbo code.

Another commercial advantage of LDPC is that the LDPC patents
have expired, so companies can use LDPC without having to pay

for intellectual property rights.

The usage of an LDPC encoder together with an M-ary
modulator, termed as LDPC coded modulation, is described in

[2] and provides for high power and bandwidth efficiency. The

‘M-ary modulator maps every logoM LDPC  encoded bits to a

constellation symbol, for example according to Gray mapping.
This mapping does not introduce any latency in transmission,
which is different from bit interleaving in bit-interleaved

coded modulation (BICM). By optimal design of LDPC code, LDPC
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which is different frombit interleaving in
bit-interl eaved coded nodul ation (BICM) . By optinal

wdeasioga3ns LDPC code, LDPCcoded nodul ati on canPg&iSG2006/000019 .

close to the capacity liZnt of coded nodul ati on. The
. LDPC code and LDPC coded nodul ati on have been wi dely

coded hBHLQEUESH Ea gdieXdIgeneratild wipediass Liomin £adddsd

systens for reliable and efficient transm ssion at '
modulakigR-data rates. LDPC in conbination with quadrature

anpl i tude nodul ation (QAM and M MO-OFDM (nul ti pl e

i nput multiple output - orthogonal frequencg division |
The LDAR{ t cpHexiany) hBBChemveshomndidabéosug@icor begar Mifdley
. code in, hi gh-throughput (HT) wrel | oc ;
introdigEfor kanf(‘%\LA ReYppergien, a%%%%% ?ti%"“@@%@f‘%ﬁ‘aﬁ%"n
systembN fbhe reptbpnal ahd- eFde diknpr apesaind sfsdont ke |Hh &ka

H n standard. LDPC code has al so been proposed for,
rates.| EEDRD2. 1B, ScaRdasditsr BYbEbafyedrréress ATpRSstude

modula%ﬁwﬁ) gPﬁMiChaﬁéSQMfﬁ6&6#§ﬁ hk Efgﬁigeri' |§$ﬁf€&ple

ere e also a | ot of proposa t he design of

' outputLBPErihbgothe fitéqaendtyedimils { aMByu i I@lestng) has been

conmuni cati Qqns, where there is possibility that LDP
snown £8" Boct 405 A CBARTONE ySReHoT Tha LORVEIAT IR (4T)
wireleblkt - 1Bkan! eavedsgoded thausat | @.ANB)CM) 13Chen®es also a
appl yi ng convol utional code or turbo code, a bit -
competihizel emrstidedeneen the aridderalandTnbadeatisy proposals
C Yl er te e ils di r
tor t}g%si ions 89%'3? fe?é%?ag%ﬁubm%ﬁp?ncﬁ él(%‘% 1%21‘58 Ben
proposstantisr d IEERe &02. 16yt eslteaderdpr boes Besativanst epsrofess

ernutation,b
Accessp(BWA), wgicg also requires higher-order modulation.

There are also a lot of proposals on the design of LDPC into
the ultra-wideband (UWB) wireless communications, where there

is possibility that LDPC is used in a QAM UWB system.

In the conventional bit-interleaved coded modulation (BICM)
schemes applying convolutional code or turbo code, a bit
interleaver between the encoder and modulator is necessary in
order to permute coded bifs to different positions in

different symbols.

In IEEE 802.lla standard, the bit interleaver processes two

steps of permutation by

Step 1:
Mapping adjacent coded Dbits onto nonadjacent modulated
symbols to avoid burst errors introduced by single symbol and

channel correlation.



Step 1 : Mappi ng adj acent coded bits onto nonadj acent
nodul at ed synbols to avoid burst errors introduced by
weiowle3synbol and channel correl ati on. When N #emsGe®o6/000019
the codeword size, the fPrst pernutation is defined as
i = (Nd) (k modd) + floor(k/ d) , k=0, 1, K
When N Ndendtes(ihewmedewdrids diwme, ntkeel €avisng mweptitatamd is
., floor( .) denotes the | argest integer not exceeding
definefdh@Sparaneter. Step 2 : Mappi ng adj acent coded bits
alternately onto nore significant bits (MSBs) and |ess
significant bits (LSBs) of the constellation-to avoid
i = (NoAg)ransned E5Bstwperki/oN rel i abi Fidyl KThdl séeond (1)
permutation is defined as j = s x floor(i / s ) + (i +
N- floor(dxi / N) )mds, i =0, 1, K,N-1
where | Mwhaee iqterm@sving depth,) amsddélepni Nneddnotd®e the
modul ation order M. Two nethods for use with LDPC
largesgodademeduiati encardingsEhrpbear#RCERE - f ol | owi ng. The
first nmethod is to use the bit interleaver according
to | EEE 802. 11a as descri bed above to pernute the LDPC
Step 2encoded bits, cf. [2] . The second nethod is the
10 Mappin%l2%%gcgggpbg%egfb?thEEigggS%gig onto more significant
bits (MSBs) and less significant Dbits (LSBs) of the
constellation to avoid 1long zruns of LSBs with low

reliability.
15 The second permutation is defined as

j = sx floor(i/s)+ (i + N - floor(d x 1 /N)) mod s
i=011,K,N-1

,1) is determined by the modulation order

20 M.

Two methods for use with LDPC coded modulation are described

in the following.

25 The first method is to use the bit interleaver according to
IEEE 802.1la as described above to permute the LDPC encoded
bits, cf. [2]. |

The second method is the direct mépping of a LDPC codeword
30 into an M-ary symbol. This is explained in the following.
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into an Mary synbol. This is explained in the
followng. An (N, K) LDPC code is given by its
woaoistog3sheck matrix, H = [H _ H2] r where K ardTNG20is6/000019
t he nunbers of informat4on bits (to be coded) and the
nunber of LDPC coded bits, respectively. The generator
- tf¥%~i S ot ven by G .=.[ | T ; I daiX-iisS-
an (N, I{)ﬁein%nt?%é/ngtsri %%(eerﬁerba%_'i r% Ssyé?é%%]?[\%ﬁ%ig}t{s I%af&tlr%
H = [H ggg*?w}]agr T§aea Qaeword Hased k.G iSr G rrdiGhat 1dh Widd
=fu pJ, ?4 ere u 1s the informati on sequence
(to belVest@Eqapf user daia bhitfider TheE codemor dcededconsitsd,s
of the vector of systematic bits u and the vector of
respectpaelyy Bhesgpneragebriihgis ol3 el v did net hod,
consecutive log2 Mbits fromcodeword c_ are directly
mapped into an Mary constell ation synbol. The usage
G = [ﬁf t{u%lfi rst method, i.e. using a bit interleaver, (32
= dtifpti mal since in contrast to conventional BI CM
bit interleaver is not required in LDPC coded
nodul ation. This is the advantage of LDPC coded
where 10RAULAL IR GVRINIGARY etdranalgardes MW pitatic bits
‘Eggt her, the fi rs?ryr/ret hod ha?s t he dirf?;dvgt age that it
of the tsedawbrdptihal codewppd ybaswed pernitiasi on rule used in
| EEE 802.11a for LDPC coded nodul ation. This is
because the second pernutation according to equation
2) maps tadjracent coded bits to nore significant Dbi
c = E{éw‘sé% Uhdlol 8s3 E—iBi'{fi cantbits (LSBs) alternately {‘@
phase shift keying (PSK) and QAM which is only
suitabl e for non-systematic codes such as
where u is the information sequence (vector of user data

bits). The codeword c consists of the vector of systematic

bits u and the vector of parity bits p.

According to the second method, consecutive logy M bits from

codeword c are directly mapped into an M-ary constellation

symbol.

The usage of the first method, i.e. using a bit interleaver,
is not optimal_ since in contrast to conventional BICM,_a bit
interleaver is not required in LDPC coded modulation. This is
the advantage of LDPC coded modulation over conventional

coded modulation.

Further, the‘first method has the disadvantage that it is not
optimal to apply the permutation rule used in IEEE 802.lla
for LDPC coded modulation. This 1s because the second
permutation according to equation (2) maps adjacent coded

bits to more significant bits (MSBs) and less significant
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convol utional code that is used in according to | EEE
802.11a (see [3]) . The second nethod has a simlar

wdnensasiss Wil e consecutive coded bits from cedesaeaepo0019

are mapped directly.into5PSK or QAM synbol s, the
systematic bits and parity bits are placed into MSBs
bits (BBEshSBSteY¥RAtY¥1y! Anl dhalske shaFu tkelfing SIREK) ihd)ioren
~_ that shows that turbo code perforns better when
which sigt @pdti cSuABaPAR t JPEhSQOHNSS eled IgssFgAe§ such  as

convolgkggﬁéfnéoggrﬁﬁake!%'%s% N WMRR SRy RPVWEIEE S802.11a

assigned to e whol e codeword. For |arge block size,
(see [Better performance is achi eved when the systematic

bits are protected better than the parity check bits

and this effect becones stronger as the bl ock size

The sdddeHeaRETrodRESLAr £hsehiuARERawdalcR. MHaleCttOtsédutive
LDPC code mainly focuses on the construction of the
coded [dRE coweworelgesrd[ 5] anfes|maprregd @Ghsehery f£8EARd folt ©F
t hat _i n_sgeneral . Labl .:nqQd
QR YIRS QiR (NS S A P ot aBiT EPES Caf P Sdasod pa o
into MEBksSag@ncEBsSi @Mehdyonly applicable to irregular LDPC
code, however. An object of the invention is to
i ncrease performance of LDPC coded nodul ati on net hods.

In [4]THeOEGh d S agchbengd by Hhecpeihed afhdwansidd tingbo
data, the nethod for receiving data, the transmtter
code pdefqmteihetteanghehe systprnatigr agtamagriddirahseai tiplts
are o IEphEPLEER AREOLIAS, 1O A L PSIM ecuns pover 1
assigned to the whole codeword. For large block size, better
performance is ‘achieved when the systematic bits‘ are
protected better than the parity check bits and this effect
becomes stronger as the block size increases. Research on
unequal error protectidn in LDPC code mainly focuses on the
construction of the LDPC codeword (cf. [5],[6]). It has been
found out that in -general the larger the variable node
degrees, the higher the average radiabilities after decoding.
This concluéion is only applicable to irregular LDPC code,

however.

An object of the invention is to increase performance of LDPC

coded modulation methods.

The object is achieved by the method of transmitting data,

" the method for receiving data, the transmitter, the receiver,

30

and the computer program products with the features according

to the independent claims.
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A nmethod for transmtting data conprising a plurality
of bits is provided wherein the data is napped to a

wohoreas2sy of nodul ati on synbol s, each nodul at POTSG2006/000019

synbol conprising at | east one nore significant bit
and at . |l east one less significant bit, at |east one
parity bit i guaeResabedchar ihkenghighal ity of bits and
t he pIurality’ﬁT_ﬁ?f§_§T§_ﬁﬁﬁﬁéﬁ_Tﬁ—nDre si gni fi cant
bits of the plurality of nodul ati on synbols and the
r 0 ; ifi [ ;
n metnBRELY, PLASHRL S IPREN] X MiER S 4 A PP & BIR
is prdviarsin vtherehndtaecatmid el s. nEmogdnmcpr acdupfuastotdti rmf

to the method for transmitting data described above
rodulabfghpr SATRKEr Farer FORHEERCE 1 SV TPEbel VTRFABAES 2t
least g?ﬁ@r I 8bPg asPia & ddve OfpPE t Sa® PAOViI detbhedid N Bess

urality of nodul ation synbols are received, each
signifhodutabiitn syatboleashpoins mpwitty dakt dRe gepegated for

significapt, bit an t le I igni £ jt
the pL§EAfRRY TSR R A0S B FEF TR F g e Bt o
more se€¥hi&etadtl pefsabfl east pingrdldssy SYmidduclanttidi tsyibols

the plurality of nodul ation synbols and the plurality
and thef Rﬁﬁ%ﬁ%ﬂ@#%&t@ﬁ@t@éﬂﬂ%ﬁn?%elﬁfﬁr§P9P§f6FaﬁﬁdQ%5ﬁ(ﬁf

the plgérég‘gglgg- og%éc%fiatfoﬁe h¥sTsand a conputer program

ct according to t net hod for receiving data
descri bed above are provided. Brief description of the
Furthe%gggggfﬁgl %&gﬁ%eihog%da %P”WEQ&%%;&PU;E §5§Hﬂ product

according to the method for transmitting data described above

are provided.

Further, a method for receiving data comprisipg a plurality

of bits is provided wherein a plurality of modulation symbols

" are received, each modulation symbol comprising at least one

20

25

30

more significant bit and at least one less signifiéant bit,
at least one parity bit for the plurality of bits is
extracted from at least one less significant bit .of the
plurality of modulation symbols and the plurality of bits are
extracted from the plurality of modulation symbols.

Further, a receiver and a computer program product according
to the method for receiving data described above are

provided.

Brief description of the figures

Figure 1 shows a communication system according to an

embodiment of the invention.
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enbodi ment of the invention. Figure 2 shows a bl ock of
bits corresponding to a nodul ati on according to an

wentmdsssat of the invention. Figure 3 shows dpagsap®e/000019

il'lustrating the perforrance of an enmbodi ment of the
invention. Figure 4 shows diagrans illustrating the
performance of an enbodi nent of the invention.

. Detajl ed description Illustratively, the data bjts .
Figure (2 hghgyst emBLPERbPES PiLiSc £& T6FPCHPENELR @eﬁadﬂ}a’clon

paréé%éfﬁﬁﬁ’é‘)t&‘)% NEhio H BndRPRSA re MRS f 1 cant
bits (MsSBs)”of the nodul ation symbols, while the
parity bits are mapped to the less significant bits

. (LSBs) of the nodul ation.s s ... As_ W 0
Figure bél o?j}?o“f%iélﬁ%%m%f 13%88’&5%@? or 5t o?ge\%ﬂ’rorﬁae?%ﬁp& an
schenpo @uhoet f OF MBhs onvestiti el met hods, in particul ar

when it is applied to LDPC PSK or QAM (quadrature
anpl i tude nodul ation) . The performance gain is

FigurecgngﬁﬂQQQEd§8 égﬂssggghbggétﬁﬁﬁnTﬂﬂgepékﬂgfﬁéﬁégtthQﬁl
the gain in foduced y I ncreasing the franme size of
L DP&iniwdid thent no £ otite aktvdrot tdre. usage of inventi on,
i ncreases the conplexity and nenory cost of both
encoder and decoder. No transmission rate is

sacrificed by @gﬂgglgaedgg&gmhitganand no extra | atency

and extra proc&Ssing buraden to e transmtter and

receiver as conpared to the two prior art nethods

de criped?}Qv %};@% X [ ey ‘
Tllust Q gth £‘Qex§é€ el egyer £

UStH2ebY ﬁﬁg 0 ICE% . 11a; ?\/gsts}ﬁod :lo_ll rect rmppallsnego

1DPC (QowkRGsity parity-check) coding) are mapped to more
significant bits (MSBs) of the modulation symbols, while the
parity bits are mapped to the less significant bits (LSBs) of
the modulation symbols.

As will be shown below, this kind of unequal error protection
(UEP) scheme outperforms conventional methods, in particular
when it is applied'to LDPC PSK or QAM (quadrature amplitude
modulation). The perfofmance gain 1s comparable to and
sometimes even more significant than the gain introduced by
inpreasing the frame size of LDPC which, in contrast to the
usage of invention, increases the complexity and memory cost

of both encoder and decoder.

No transmission rate is sacrificed by using the invention and
no extra latency and extra processing burden to the
transmitter and receiver as compared to the two:prior art
methods described above (Method 1: wusing bit interleaver
according to IEEE 802.1la; Method 2: direct mapping of LDPC

codeword to M-ary symbol) are introduced. The ordering of the
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codeword to Mary synbol) are introduced. The ordering
of theplurality of data bits and the parity bits such

woOheats/ogbs3dat a bits are mapped to MSBs and t hePpasiGRe06/000019

bits are nmapped to LSBs 8may be pre-designed and nmay be
enbedded in the generation of generation matrices and
pluralRdf idy-deheck imat Ente RS gatighows thekowhf @haktDPGe data
Enbodi nents of the invention enmerge fromthe dependent
bits agpalmApPethd @nibdds meRcs Wi cheRteY dBIESi FE i MaPhed t°

texd Ng & ¢@<§J fonatragen tLi ngrdatided €in  th
LSBs I%%glogougéﬁécg?ldi or the tranznitter, t he ﬁethég f_ore
generatriemei of ngedatrativhe medosiossr @l pheitynpbheek pesgrgss

, rodugts. T lLuragl ity of nodul ati on synbols nmay be
as 1s %hﬁﬂn'%§§ﬁ@’g§”$é;§?Lone conmuni cation channel . In
particular, the invention is applicable to M MO
(multiple input multiple output) systems, for exanple

Embodingmis OROM (thre hogoredlt iqreq@diedigedi Virsion thd t iqePeRiARgy
. _Syste For ,+at_ 1 east i er, Si I S
cratns S P FEnS ARl P e PR B Rl Wt Alcrsor
the me8ioBoIf®r ltranenienhiody ndata the aind bagtushe palidy for

bit is generated according to an,LDﬁg nco%jng of t.he
the trgpepbitesr ofhdiPetHe At 4°REy YHEI ﬁ_géa B Hecetver
and théq)lué’cg dder qiraq}datﬁl tdusbol s according to a

adrature "anpl | tude nodul ati on, for exanple 16QAM or
64QAM usi ng Gray mappi ng. The invention can in.

arti,cul ar.be Lied to i [ ystEgNg "
The pl%§ﬁ%é%¥DﬁEfcgagﬁeéﬁ%Pﬁbds a ?%nﬁg$ﬁgq$%vg%¥ﬁbnﬁcang a
least c?iéQ:cﬁﬁnLﬂrlﬁpiaTﬁidorV\h&mmﬁﬂs.e mhifartdeyilrey ( R drsremgecdn
or exanple 8PSK 16PSK an .
is applicablén)to MIMO (muléﬁﬁ&e input multiple output)
systems, for example MIMO OFDM (orthogonal frequency division

multiplexing) systems.

For , example, at least one carrier signal is modulated

according to the plurality of modulation symbols.

In one embodiment, the at least one parity bit is generated

according to an LDPC encoding of the plurality of bits.

The data may be mapped to the plurality of modulation symbols

according to a quadrature amplitude modulation, for example

160AM or 640AM using Gray mapping. The invention can in
particular be applied to all communication systems using LDPC
coded QAM modulation. The invention can also be applied when
phase shift keying (PSK) is used, for example 8PSK, 16PSK and
so on, and other modulation schemes when there exists more

significant bits and less significant bits.
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so on, and other npdul ati on schenes when there exists
nore significant bits and |l ess significant bits. The

wOonveriss s may be seen based on the fact that PCTISG2006/000019

been found out that evendif LDPC code has equa
variabl e node degrees, it provides better performance

The inWlemisysSheyabieC sbihs pakedighlihepriiacterhasi € amparesen
with the cases when paritycheck bits are

hl
found Rk ekhall GVemhehf syRFéabPEe akdSpa? gt cﬁég‘l%%iltes Rede
ualdl t I
B O L - i
are hlg@ﬂwopﬂaheetEﬁaﬁSth@m@&ﬁﬁﬁ(ﬂﬂﬂhtﬁh3§§§533NWhen parity-

e val ent | iits in peri ence_hi than
check {HIEE" #7% SELTALT | SENATRS onGoc: HERPe. S SPRERCL "
parltyLﬁhéﬁklBﬂt@rﬁréx@%@énﬁﬁ pebewcvedh reference to the

drawi ngs. Fig.| ows a comuni cation system 100

according to an enbodlnent of the invention. The
In an Cﬁ”HEQ' (I:n%tdlug%t‘i é%@&ncom@ Seasss%gg{ S%t tl\'ﬁsrleoﬂ'ave

receil ver e transmtter 1 conprises an
betterLM%E*ynnuhﬂramB ammRanp&hfoamynnedmhamomhubb £h$agmed
sent hy the transmitter 101 to the receiver 10
to LSBhug oF GEIIALEREISH ei” 1685 s %%%et%l%%r SNR
than th@Pg epcedgs . 103 in formof a first bit stream 105.
he LDPC encoder 103 perforns LDPC encoding on the
flrst bit stream 105 to generate an LDPC encoded bit
ream 1 DPC_.e d f e :
rituscyFS3E SR80 OF otnd E RELeLofer by SEU b FadgP R
with rafféranecmappetei dtawbhagsy

Fig.l shows a communication system 100 according to an

embodiment of the invention.

The communication system 100 comprises a transmitter 101 and

a receiver 102.

The transmitter 101 comprises an LDPC encoder 103 and an M-

"~ ary modulator 104. Data to be sent by the transmitter 101 to

25

-30

the receiver 102 via a communication channel 106 is supplied
to the LDPC encoder 103 in form of a first bit stream 105.
The LDPC encoder 103 performs LDPC encoding on the first bit
streaﬁ 105 to generate an LDPC encoded bit stream 109. The
LDPC encoded bits of the LDPC encoded bit stream 109 are
grouped into code words of length N and are mapped into M-ary
constellation symbols by the M-ary mddulator 104. Gray
mapping is applied in this embodiment becauseyit is superior

over anti-Gray mapping, set partitioning mapping etc.



10

15

20

25

30

constellation synbols by the Mary nodul ator 104..
Gray mapping is applied in this enbodi nent because it

WOmeE3B or over anti-Gay mapping, set parti PCOSG2@G6/000019

mappi ng etc. The constel IHion synbols are transmtted

to the receiver via the communication channel 106. The
The coh8E81YEtidN2sGAPI4 Sese at SHidmidenadiut atidie Mitathicrh via

generates a bit netric for each transmtted bit based
the coBRURHRARLATI FRAPIMboC@riterion and the soft bit

metric values . generated in this way are supplied to

an iterative LDPC decoder 108. The LDPC decoder 108
The rapplves tH sunmprbdast aressHde- Q&Q@ﬁﬁéaépgorl@TnnwhiCh

ener at he r.ecei ved data |n t he fo +Seg9n bi t
generag??eéh1%i mﬁﬁ?ﬁ_ En&SHith tE?nFﬁe E1rst%b Bg g%am
max:.muﬂioildt%(j.lh'@%d”mlt@&l@fn tdm Lﬂ%: Qﬁﬁﬁdbdtblntet&hfcﬁamliﬂ% ,

to constellation synbols are explained in th

generatefl| obit nGhils nvRE ddteai PUPPhéeHDPEY eﬁébdéFeieélﬁﬁpéDPC

.deCOdegvgkﬁiengkés&ﬁﬁmaﬂg%éﬁggésqpﬁafééﬁ?ﬂ%%PgPencoder 103 &k

messagéanEBEngsa&gdﬁﬂthm )td.DBEnerdee Tie LDPG=toed dsta in
given by its | ty-check rix, H=[H _ H2] he

the foﬁ@n@?a?oﬁeﬁﬁPaﬁ?lFSSE¥%%% g@ G=1[l HH2 T ] (5 where

lj x is the identity matrix generating systematic bits

of the codeword. The codeword c based on G is given by

The LDEC=epGedihg af?the Fifst Ppitpsfreqms)105 and the mapping

of the LDPC encoded bit stream 109 to constellation symbols

are explained in the following in more detail.

The LDPC encoder 103 maps every K bits of the first bit
stream 105 to a codeword c of length N. This means that the

LDPC encoder 103 implements an (N,K) LDPC code. The LDPC code
is given by its parity-check matrix, H = &h.ﬂz]. The

generator matrix is given by
= T.,—T
= [I HH,'] (5)

where Iixkx is the identity matrix generating systematic bits

of the codeword. The codeword c based on G is given by
c = uG = [u uHH,'] = [upl : . (8)

where u is the vector of K bits mapped to the codeword cr
also denoted as the vector of systematic bits. The codeword ¢
éonsists of the vector of systemétic bits u and the vector p,

which is called the vector of parity bits.
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where u is the vector of K bits mapped to the codeword
c , also denoted as the vector of systematic bits. The

woadewssd3 consi sts of the vector of systemati ChiSG300d/000019

and the vector p_, whichlis called the vector of

parity bits. The codeword ¢ , which is a part of the

LDPC encoded bit N stream 109, is mapped to

constel lation synbols. This I 0%2 M mappi ng corresponds
The cotlewandar¢angbieht 1% PorPa® &Tbldek OB tNCUFFEn P

shown in the fig. 2 . Eig. 2 shows .a block 200 of bits
stream CDUY £SPONdiapgeldo o nbdlat | oonatedidthgnt eymbols. This

enbodi ment of the i n¥edz Mon. The hei ght 201 of the

_ block 200, i.e, the nunber of 202 | M t
mapping)| GRRCGPPFLS st Alx a(”—""“?fm)enl.rtovrglsfi sfo?lﬂ‘éoﬁ%gdﬁl gﬁPSEeé’f

pits, W8l i d Unsxarm acd=&fpro 8PSK, M=l 6 for 16QAM and
Me64 for 64QAM The wi dt'h 203 of the block 200, i.e.

t he number of columms 204 of the block 200 is N s.

] This ne t.h he QcC j . ' ,
Fig.2 th%“fsefaoﬁ,ﬁo?]ﬁ?%(? o%&béfgcﬁkc%%qrg%gct |dyl ol%L Hﬁté&tﬁ%lst&fon
accordidlf CodaWdEbsdimEmeryf adtk celwemtieint he bl ock 200,

i.e. the first colum, the third colum, etc.,

corresponds to an | (in phase) conponent. Every even

The hef%ﬂ*%ogg?%ﬂﬁ%lebb%lékz%o,i 1€e .t HBSSEAME CRIUMbyst o2

etc., corresponds to a Q (quadrature)

logp M
L4

of the block 200 is s = max( 1). M is the modulation

order, for example M=8 for 8PSK, M=16 for 16QAM and M=64 for
64QRM. ’

The width 203 of the block 200, i.e. the number of columns
204 of the block 200 is N/s. This means that the block 200
comprises N bits. Therefore, the block 200 can exactly hold

the bits of the codeword c.

20

25

30

Every odd column of the block 200, i.e. the first column, the
third column, etc., corresponds to an I (in phase) component.
Every even column of the block 200, i.e. the second column,
the fourth column, etc., correspoﬁds to a Q (quadrature)
component. Every two columns of the block 200 are mapped to a
constellation symbol. For example, the first column and the
second column of the block 200 are mapped to a constellation
symbol, wherein the first columﬁ specifies the I component

and the second column specifies the Q component.

In another embodiment, each column of the first half of the

columns of the block 200, i.e., the first column, the second
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conmponent. Every two columms of the block 200 are
mapped to a constellation synbol. For exanple, the

woi2zomt08s38 unm and t he second col umn of the bl oe&TR36006/000019

are mapped to a constelll&ion synbol, wherein the
first colum specifies the | conponent and the second

columm specifies th onent. I n another
column endndi senop &achheol —o tltt heolumri AArFregpopfe to an
col ums of the bl ock .e., the first colum, the
(in $fggcol né&id, Sﬁa%ﬂtdftfﬁe colln&old¥Mihe second
orrespon to an V2 s | (in phase) conponent. Each

of the columms of the second If of t coliim¥ of
half ofhéhgl GoRUPBS, L ethg hBLec ﬂ\'z 59 | rﬁi\? gEun‘g t]h)é:h

- h 2 and so onto the - th colum, 2 s ) s

correspongs 40 a\Q (quadrature) conponent.yFor
columngexatipd e, -t—he—f-ir t eoldumsoangnt hgo the 1 ‘t'ﬁifboIQQ#ilH@fr
t he bl ock? 209 ar 2 s ) mapped to a consteflation

corres@gﬁggltomge aq%#&&%%ﬁﬁf% C&%%#%hé@ﬁc'fbfse&%%phe, the

onponent —and V2 s J specifies
the Q conponent(1Thg coDunns are mapped

first cohwwelarnd e sygbotstiln tducw lamRayp it ﬁ&te th%@%p?oroo\ﬁsre
of the bl ock 208“cofrespond to nore significant bits

mapped([y@Bsa) andstder 4 oven rs?\’f@o@f tu/HR el i9C ke ROO £6 @sie sqiinghn

to |l ess significant bi (LSBs) of the Icomponents

1 N
specifies the I component and the —+-—+1|th column

S

specifies the Q component.

The columns are mapped to constellation symbols in such a ﬁgy
that the top zrows of the block '200‘ correspond to more
significant bits (MSBs) and the lower rows of the block 200
correspond to less significant bits (LSBs) of the 1I-
components and Q-components. For example, in case of 16QAM,
the first column holds the more significant bit of the I-
component in the first row and the less significant bit of

the I-component in the second row.

'The codeword c¢ is written to the block 200 in the row

direction. This means that the first bit of the codeword ¢
corresponds to the bit in the first row of the first column
of the block 200, the second bit of the codeword ¢
corresponds to the bit in the first row of the second column,
.., the N/s+l bit of the codeword c corresponds to the bit in

the second row of the first column and so on.
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and Q conponents . For exanple, in case of 16QAM the
first colum holds the nore significant bit of the
woOcowspsssat in the first row and the | ess si gnpET/sara0s/000019
bit of the I-conponent ih3the second row. The codeword
is witten to the block 200 in the row direction. This
Assumlﬁﬁa%ﬁatth%lttsh%ﬂ(ptf‘@tt@l t-hef M-ha-Caftemirsk o€ 01 04s perdHy
the bit in the first row of the first colum of the
defaulbl@@RtZGO tichetkcbAECki 205 1heCebdBhoFd T SE6r-PEs pondy:
to thi bi{,in the first row of the second colum, ...
the fitrlze i drof wkbheteadeviooth twar riespbatsomnp nmadmthe
in the 8econd row of the first colum and so
on. Assuning that bits,i] to the Mary nodul ator 104
first aiElumh,dethal tsewdnd e heaid ogki206ni n twdmnmiop to
direction, i.e. | og Mthe first - are witten, f.rom
bottomto%&é§b9ﬁéogkcoWE)égfuﬁﬁg%ﬂwféésbncmﬂﬂ@ wkﬁ%lng of
§econ are witten romtop to botfo into the
codewogdcandinolnown dhresioi on, (1m@tamit¢mgcoﬂumod@mﬁeﬁtxpn)
row di rection ead of | um rectlo
CorreSEBPgésﬁBnaspFS&HQ %Fﬁﬂt&Fl OFQﬁ% 5gdemofﬁ C CO?%V%fd
& givel rd ¢ given by ¢ = uG (7) where the modi fi ed _
generator matrix Gis given by G= G°P. (8) The matrix
=[pi Lj ] is a pernutation matrix according to the

pernmutation of the codeword ¢ . It is given by
uG (7)

Tol!
Il

~

where the modified generator matrix G is given by

(8)

[}
Il
)
g

15~

20

25

The matrix _P_=[pi,j] is a permutation matrix according to the

permutation of the codeword c. It is given by

1, i=0and j=pn ‘ (9)
plﬁ’—-AO, otherwise .
where 06=01..,N=-1 and
u=DN/sx (6 mod s) + £loor(®/ s), 0=01,..,N-1.

This means that the codeword & is written to the block 200
in column ‘direction,l_ which 1is equivalent to writing the

codeword ¢ in row direction.

This means that in LDPC code, the permutation of codeword ¢

is' equivalent to modifying the generator matrix G to G = GP,
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fl, i =qgandj =m'J [0, otherwise where q =0, 1,
,N- 1 and m=N/ s .x (gnmd s ) + floor(q/ s )

WO 200620882331 , ... ,N - 1 . This neans that therPcode2mcd00019

cis mqitten to the blockt 200 in columm .direction
which is equivalent to witing the codeword ¢ _ in row

where g £ gCtih@n pebiiu$ afBaAS mhltat xi. n ThPC ozl pondéng parity-

Ppermut ati on of codeword c is- equivalent to nodifying

check HB@raenerat @r=mapfix & tAdG F @Ry, Wer pré-issibged and
pernmutati on"matrix. The corresponding paritycheck
stored mahr icxansmiltteHPandGrage iMemy despsicdidedivgnddenfore,

stored,in transmtter and.receiver, S jvely.
the peTRBFEFSPE, G Per it PO Ler o, B SoRBLVBLERiy ™ 198
matrixOPbj Mdsdd omdH MRkkoucB, €8¢s Detehdyr afiuge doys not
. | atency and does not increase processing conplexity.
increagpepsgseaabny ccomR it he codeword ¢ are witten to
MEBs and are thus highly protected. This leads to a
hi gh performance. In order to verify that the above
The syiéEsE’zgzé’dmeqbﬁts es f othgraddoidnh)c perenattitoan schéfBs and
eads to a high perfarmance its perfqrmance
are th%%nBéHEéIY\APFﬂg?%e%er?}bjr%a]rﬁ:aeé%f@‘? H’aeq? é)r?roff"%?acnce'
- methods for LDPC encoded nodul ation descri bed .above
(Method 1 : using bit interleaver according to | EEE
In or862. 1ta; werhby 2thaii rdee nelppYeg WP LDPERBHRWOrFIDF

seocect L, RSS-S0, 0N ot senlnce
its pekfFoegunae LBPCeqda«f witdctthal performance of the two
prior art methods for LDPC encoded modulation described above
(Method 1: using bit interleaver according to IEEE 802.11la;
Method 2: direct mapping of LDPC codeword to M-ary symbol)
with 160AM and 64QAM over independent Rayleigh fading

channel.

An efficiently encodable irregular LDPC code of practical
interest, the partial-differential (PD) LDPC code, is applied
for simulation. The Rate-1/2 PD-LDPC (2304, 1152) is used. In

this case Hp is a low-dual-diagonal matrix and Hj has column

weight of 6 and is designed by the progressive edge-growth
(PEG) method.

. The constellation of 160AM and 640Q0AM with Gray mapping

30

follows IEEE 802.1la (see [3]). At the receiver, the bit
metric generated based on maximum likelihood criterion- is
passed into iterative LDPC decoder applying the sum-product
message-passing algorithm. The maximum number of iterations

is set as 40. The results are shown in Fig.3.
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interest, the partial-differential (PD) LDPC code, is
applied for sinulation. The Rate-1/2 PD LDPC (2304,

waorem)sss3used. In this case H2 is a | ow dual - BCagGR@i6/000019

matri x and Hl _ has col umm weight of 6 and is designed
by the progressive edge-growh (PEG nethod. The
Fig.3 %%%se' H@EE@Bmgf 1600 et 64 QAMeN e r@oaynamaepi b  an
follows | EEE 802. 11a (see [3]). At the receiver, the
embodingint wdt the daverdtied-based on nmaxi mum | i kel | hood
criterion is passed into iterative LDPC decoder
appl ying the sum product nessage-passing al gorithm
A firstThe agmermBdinwhoers dhel bétatirons-irsteet(BER) 4@ndThsame-
results are shown in Fi shows .di,agr
error-nabe, sthER) it %r%?‘?eorﬁ%c@@& ngeﬁ%fialﬁedtl 8?n?‘h302
shows tﬂéée%i@%rfoflfﬂe di@gram 384 shewse-td&or-rate (FER)
bit-error-rate (BER) and frameerror- rate (FER)
performperdeorfiancdeddt- 64QAM A second di agram 302 shows the
bit-error-rate (BER) and-frane-error-rate (FER)
performance for 16QAM In the diagrans 301, 302, the

In theBRR Afvhid1e36ER gragy f thm IRER oanto tlop, FERe. grow t lieom
direction of the respectlve y-axi s 303. The ratio of ,

bottom deididre & cddevidtal BiTAE TS It FBm FEEPSSE VisgiF 2%1s
THe €ralt Mot B g:'ord%cj:ta't%nt%f ddiewaspestiyegxoryi $rafsd 1ame

IS given in The performance gain achi eved by the
to rlgmr,opnsed plerhheatilloﬁct;v@m ofieth@orprPeEtave wePkags 304

can be seen fromthe summary in table 1 for 16QAM and
and 1is #bd 1 and Method 2 have sinmilar perfornmance

in 16QAM and Method 2 outperfornms Mt hod ‘

The performance gain achieved by the proposed permutation
over the two prior art methods can be seen from the summary
in table 1 for 160AM and 64QAM. Method 1 and Method 2 have

similar performance in 16Q0AM and Method 2 outperforms Method

1 in 64QAM.
Gain in dB | 16QAM 640QAM
UEP vs | BER@10 " 0.24 0.62
Method FER@107~ 0.26 0.45
1
UEP vs BER@10™* _ 0.24 0.48
Method FER@10™* 0.26 0.57
2

Table 1

Further, a comparison of the performance of the proposed
permutation compared with Method 2 is given for a 2x2 spatial
multiplexing (SM) MIMO-OFDM (multiple input multiple output

orthogonal frequency division multiplexing) system which is



1in 64QAM Table 1 Further, a conparison of the
performance of the proposed pernutation conpared with
woRblswd3B3i s given for a 2x2 spati al nultlplekcm@G&Gmmmmn9

M MO-OFDM (nul tiple inpdt® nultiple output or t hogona

frequency division nultiplexing) system which
des1gm§ﬂeﬁhgn£dHTOWLANHRHMbNVdﬁnqﬁghﬁmﬂnmﬁunﬂeswrbbesb area

| ocal area netmnr@&(ﬂ&wienl The r oposed $e nutatloned
networkls yFieRonpafed MR t RoESt % 3&5&5 n{%ecgggar

with M@é}ﬁﬁf VAt i it o Mt RedaBo palt B85 & Hv 481 bkt BREL 1MeBhod 2
64QAM over Rayl ei gh fading channel . A practical |EEE
outper®Bozs Methokafndn rd@AM ioyeysRavi-6i 9bx AAPAARLI 6R2BRE 1t he
recei ver considers practical frequency offset
estimation, phase conpensation, and channel estinmation
A praétﬁ@éydlng@NR&ﬂﬂI]mﬁIOGDannéhe sbarllat iien pa$adetép$

are given in table 2 and the results are, sh o]
examingg Lomabha S greac hons CONSGHENe (BTUSEHSrf ng EREercy

t; o@f [ 0 ASh
ottset RELIINGS Shath STRGRRILCE) Lhe ChgppEicasubetin

(1nclud1rm;rre6NRorestHn@ti<FrER) pief osmntation @@?ﬁi@@t@fs Are

second di_agr 02 shows the bi err r e ,( BER) and
10 given iq 4@b %ﬁafﬁi waﬁ%ﬁf@rﬁ& annel E
.Simlar to above in the diagrans 401 402, the BER

and the FFR grow frombhottomto top in—the

LDPC afideecti on of the respecti

coderate to codeword si zd

i.e. in the direction of
is given in dB

e tpd QSEQI§DPﬁﬁ§%QﬁH(}¥§Q
v%&%""%oﬁﬁ;?rﬂ? L&fitgro {1d, gfzt 1

e respective X-axis
Single encoder for multlple

spatial streams.

Modulation 640AM with Gray mapping
OFDM size 128
Number of data sub-carriers 96
Number of spatial streams 2
"I Multiple antennas’ Tx: 2 Rx: 2 ‘
IEFEE 802.11n channel model Channel B, Channel E
Packet size 1012 bytes
Table 2

shows

of an

Fig.4 diagrams illustrating the performance

15 embodiment of the invention.

A first diagram 401 shows the bit-error-rate (BER) and frame-
error-rate (FER) performance for Channel B. A second diagram
(BER) (FER)

402 shows the bit-error-rate and frame-error-rate

20 performance for Channel E.
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The BER gain of the proposed pernutation over Method 2
is 1.5dB and 1.1dB at BER=1O 4 for Channel B and

wGCheosrves23E , respecti vel %8 and the PER gai n i spOT46d#®6/000019
r

and 0.67dB at PER=10O 2 Channel B and Channel E ,
respectively. Sinulations further show that PER '
Similarperd cabmrece Jaitise ofiinbeapsog3ed 40P respiBRR oved the

di rect Met hod 2 ) h_col.
FER ordi 5hrR BPULARC TohBder Rrgrdt EoP U ERGHE dies the

respectl@le J-wys Lead Tﬁebeth BERcbaéiatHHﬂéecoabﬁbedlSlae
trade-off lying here. Increasing colum weight | eads
grows fgomarRft f tee BigREncel-n the BRRerdiBREiqt Qfsothe

respect@&%ii %] stQ@4p9ﬁ8'9%|bH¥eﬁng nnHgber of short girth.

_ ations, it can"also be seen that different
assi gnnent of a LDPC codeword into channels with

unequal S results in non-identical perfo ce, An,
The BERGGALEr Gt RhaRREPS S PSHTHEENT SRECE | MR ois
1.5dB hhdl s .beirefiei dpr-ha* syhenehifndit 8 aéﬁdmCQ’erMlel E

protected, i.e., to assign all Séstemﬂtlc bits into

reSPeC’CtJh@l(Yhanﬁeﬁ vik rﬁ%ergaSNR 4Ad @i 46¢ariand bid-$7idk oat
_ nnel Wi- h t , the
PER= f‘?%lﬁh |Bf ¢ O?\(/)eﬁé aérl\éeli cEPt e%%e%%&&r% .
Gal | ager, Lovv- Density Pari ty Check Codes Canbri dge,
MA: MT Press, 1963 [2] J . Si egel, B
simulatiqyg sferthemnahew, trB‘at PriRt eﬁrfoé’as%?t ad%biro%thftﬁﬁ
proposéﬁ“ﬁﬁ@cﬁibﬁﬁﬂd‘%éﬁg &9§§Qtnﬁgﬁbﬁﬁ 0@M§€H§HE§ basedcaBe

| ow- density parity-check codes, EEE Trans. Inform
with cdheonyweights4®@f neDPQ. pryevgmli@mr Septumpo@gight

does i8] tBEG802.ha i seless bAN mRdAmAGeess fantole
trade-off 1lying here. Increasing column weight leads to
larger free distance. On the other hand, it also increases

the possibility and number of short girth.

By simulations, it can also be seen that different aésignment
of a LDPC codeword into channels with unequal SNR results in
non-identical performance. In case of two channels with
different SNR, for example, it is beneficial that systematic
bits are highly protected, i.e., to assign all systematic
bits into the c¢hannel with higher SNR and all parity bits
into the channel with lower SNR.
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physi cal | ayer specifications : high-speed physical
layer in the 5GH band. | EEE std 802 .Ila-1999, Sep.
we20s/08333A . H. S . Mhamuadi, A . K . Khandaar/sG269a/000019
unequal error protectionfn t ur bo- encoder out put
bits," Electronics Lett., vol. 33, no. 4
In th1§7d§eéﬂxﬂen’¢:ebthd9f9ﬂl[€5~]lﬁ\¢l pukieratipns Mneeméﬁdcs "On
unequal error protection LDPC codes based on
Pl ot ki n-type Construction", |EEE d obeCom 2004,
(1] RrRDall@s, B4liMeer,2004ok6peXsitFangPaidty-hedloui rdodes.
J . Goldsmth, "Effect of channel estimation error
Cambrigge M MM BER %‘é??%rﬁa%fé in Rayl ei gh fading", |EEE
Trans. Commun., vol. 47, no. 12, pp. 1856-1864, Dec.
1999C aims 1 . Method for transmttlng data conpri sing
[2] Ja Pbuy aPi ty. o$1d9g¢13, Whertei Milstriniatand ¢ meEppef s,

ur al |t of , nod c a
“Capacéﬁﬁﬁﬁppﬁ ﬁ‘f)l??%‘-? n:}) "fjeda@%/ eo%l%ergt S| gnadefﬂ cgﬁ%ﬂblattlon
scheme@Ngadtd! 8ASioRP@eh£BSY gbegﬂ‘\iify-&&ﬂéclbldodeﬁ,t” | Bt Twrens.
parity bit is generated for th Iurallty of bits -

Informt h&hpbayal Voy- of9hiRe: e PRppekt 1o hnte RN 14 Wt
bits of the plurality of nodul ation synbols and the at
| east one parity bit is mapped to at | east one |ess

'[3] IBEgnNi§0zanta biutirefletsbe pPANT aﬂzédyusz amehsisat control and

_ nbols. 2 . Method accordjng, to cl er.ein _the
PbYSlCEPylurla’MqlS/ Fe Pl s BT sy%'b s°Rre sgh%’sagwg Tgyer 1n
the 5GHSABLAANEIEAAMEPECASS O0Ma-1999, Sep. 1999

[4] A. H. S. Mohammadi, A. K. Khandani, "On unequal error

protecfion on turbo-encoder output bits," Electronics Lett.,

‘vol. 33, no. 4, pp. 273-274, Feb. 1997

[5] V. Kumar, O. Milenkovic, "On unequal error protection
LDPC codes based on Plotkin-type Construction", IEEE GlobeCom
2004, Dallas, TX, Nov. 2004

[6] X. Tang, M.-S. Alouini, A. J. -Goldsmith, "Effect of
channel estimation error on M-QAM BER performahce in Rayleigh-
fading", IEEE Trans. Commun., vol. 47, no. 12, pp. 1856-1864,
Dec. 1999



channel. 3 . Method according to claim1 or 2 ,
wherein at | east one carrier signal is nodul ated
weacewrods23g to the plurality of nodul ati on synbeCs/SG4006/000019
Met hod according to any léhe of the clains 1 to 3
wherein the at- |east one parity bit is generated
Claims according to an LDPC encodi ng of the plurality of
bits-. 5 . Method according to any one of the clains 1
to 4, wherein the data is nmapped to the plurality of

1. Methodul 2+ OR rayEheks iagCA=tiandcbapai uagr & upBugaPlty ude
nmodul ation. 6 . Transmitter for transmtting data, the
bits Whﬁﬁ%ﬂ%onpr|5|ng a plurality of bits, wherein- the

t l,ses [ tQ
- the WIS | ALEQIPHSS A IBPNAG VRl Aaaketel 3RO
each &@dhlﬁﬁdumﬁ|symmymbotmquMimgngam | Beestt oneneor grore
significa | east one | ess_si ant bit
s1gni E£0qie BB L 1oy LS Tine &5 Gkt Gt adaps ed
- at lEQsQe%%%a&%f¥t§‘%¥% f&‘%éﬁgtéﬁe@'Eogeﬁﬁeakﬁ%rﬁQﬁt he £
plurality of bits and - Tthe mapping unit is adapted to

bits map the plurallty of bits to nore significant bits of

uralit nDduIa ion sy nd, .t e
- the P28§gh g?ﬁFill?r?o %Rp?%agg onéglge é&%ﬁﬁ%g Hﬁis
of thebptLu@taltllﬂg mﬂlﬁﬁiddba‘dﬁommiﬁr[haﬂl@naﬁdnhHESaﬂ leaAt one

comput er program product, which, when executed b&
parity clgi u%érmaﬁﬁ?éstPhétcéﬁﬁéFePnﬁeéﬁﬁﬁn%%QRﬁ it of

the pILLENSEY LoENodal 2 FOMIfrabaigs A Plurality of bits

2. Method according to claim 1, wherein the plurality of
modulation symbols are sent using at least one communication

channel.

3. Method according to claim 1 or 2, wherein at least one
carrier signal is modulated according to the plurality of

modulation symbols.

4. Method according to any one of the claims 1 to 3, wherein
the at least one parity bit is generated according to an LDPC

encoding of the plurality of bits.

5. Method according to any one of the claims 1 to 4, wherein
the data is mapped to the plurality of modulation symbols

according to a guadrature amplitude modulation.

6. Transmitter for transmitting data, the data comprising a

plurality of bits, wherein



- the data is mapped to a plurality of nodul ation
synbol s, each nodul ati on synbol conprising at | east
wonewsrmsss3si gnificant bit and at |east one | esBCT/SG2006/000019
significant bit - at |e&$ one parity bit is generated
for the plurality of bits - the plurality of bits are
- the tmEpped tte rMaenstigrs iac arpphings uofl tt kelapitedaltiot lapf the

nodul ati on synbol s and the_at_ | t,.one pari.ty bit i
data TAgESEY €6 af IBEEFagﬁgyl ek ﬂ%‘ﬁqalfsﬁtcja?ﬂ BIFSS St’heea%h
modulatlidf akihyoof JHpHiatingn synbekst %Hne Madhed sfighificant

. receiving data conprising a plurality of bits wherein
bit and at glagsdl iane dfesRilEiiTdragyintdits are recei ved, each

_ dul ati.on sy risi

ene (PEMAMER Y MY | 0l PRRL ENEEpreq, o

generate adt | Basét oore ppairt yybbitf genthetptufalri ttheofolbired ity
. extracted fromat |east one |ess significant bit .of

of bitgmhlurality of nodul ati on synbols- the plurality of

_ the RISIA Guft rastathdromiddiendy wWial ignu.efl imdymagies
© s;ﬁrﬁg)lor?g;.euQ . Recel vﬁer for rea?ei Vi ng;]jd dat a,l%e datla to‘
more stompfisimy hipsupdl thy ofubildtywedr dodulisd Logc &wiols

conprises recei.vi ng uni.t. ted_to_recgei
and to pi“‘gBafL'ﬁ?y agf LS55 dh a‘%’%or? as@lﬁﬁg%gegéhaﬁoggk\aét% i %ﬁl e less
signifSYAMOlbCOMPF S Rirdeast cmenctriatsignidyndanits bi t

and at |east one less significant bit - a first
extraction unit adapted to extract at |east one

7. A computer program product, which, when executed by a
computer, makes the computer perform a method for
transmitting data comprising a plurality of bits wherein

- the data is mapped to a plurality of modulation symbols,
each modulation symbol comprising at least one more
significant bit and at least one less significant bit

- at -least one parity bit is generated for the plurality of
bits

- the plurality of bits are mapped to more significant bits
of the plurality of modulation symbols and the at least one
parity bit is mapped to at least one less significant bit of

the plurality of'modulation.symbols.

8. Method for receiving data comprising a plurality of bits
wherein '

- ‘a plurality of modulation symbols are received, each
modulation symbol comprising at least one more significant
bit and at least one less significant bit

- at least one parity bit . for the plurality of bits - is
extracted from at least one less significant bit of the

plurality of modulation symbols
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L Ty CRAATat on Synbol s
- a receheipjurahity aflapted ate execacted dragmutmlity of
modulatgggreg§$ﬂ%fg,'n%gﬂh9t%%%ui%%gghs'symbol comprising at
least one more significant bit and at least one less
significant bit

- a first extraction unit adapted to extract at least one
parity bit for the plurality of bits from at least one less
' significant bit of the plurality of modulation symbols

- a second extraction unit adapted to extract the plurality

of bits from the plurality of modulation symbols.

10. A computer program product, which, when executed by a
computer, makes the computer pefform a method for receiving‘
data comprising a plurality of bits wherein

- a plurality of modulation symbols are received, each
modulation symbol comprising at least one more significant
bit and at least one less significant bit

- at least one parity bit for the plurality. of bits 1is
extracted from at least one less significant bit of the
plurality of modulation symbols

- the plurality of bits are extracted from the plurality of

modulation symbols.



