WO 2006/ 083233 PCT/ S&2006/ 000019 1 .Method for transmtting data,
met hod for receiving data, transmtter, receiver, and conputer

program progdGhdoshsel d of the invention 5 The i nvent i onpP$EofSochfe
method for transmitting data, a netthod for receiving data, a

transmitter, a receiver, and conputer program products. 10
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15 parity-check (LDPC) code which is described in.[1] and is a

capaci ty-approachi ng codi ng schene which has, attracted a lot 'of
attention nowadays. ConpaEagldief therinvenhdon which is also 'a
capac*ty approachi ng code, LDPC code has better performance in case
of a Targe block size even though the 20 decoding conplexity is |ess
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LDPC encagfitet0gebiesm Widmast &V ary rmdul ator, termed as LDPC coded

nmodul ation, is described in [2] and provides for hi gh power and
bandw dt h effl ciency. The M axy nodul ator maps. every | og2M LDPC

encoglgd bits to a 30 Cmgiﬂﬂ&mﬁmouvéﬁtwﬁanpl e according to
Gray mapping. This nmapping does not rniroduce any latency in :
transmssion, which is different frombit interleaving in
b't—'ntﬁ{I e@&ﬁﬂunication - systems, methods '~ for  detecting and

correcting errors that occur during transmission ére used to
increase reliabilit?. One possibility is to use Low-density
15 parity-check (LDPC) code which is described in [1] and is a
capacity-approaching coding scheme which has attracted a lot
‘of attention nowadays. Compared with turbo code,. which 1is
also a capacity—-approaching code, LDPC code has better
performance in case of a iarge block size even though the

20 decoding complexity is less that that of turbo code.

Another commercial advantage of LDPC is that the LDPC pafents_
have expired, so companies can use LDPC without having to pay
for intellectual property riéhts.
25 | g

The wusage 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 logsM LDPC  encoded bits to a

30 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



coded nmodul ation (BICM. By optinml design of LDPC code, LDPC WO
2006/ 083233 PCT/ SG&2006/ 000019 2 coded nodul ati on can get close to

t he capaci twohéodiods2®f coded nodul ation. The LDPC code aird/dcRfgoo6eed
nodul ati on have been widely 5 intrpduced into next-generation
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anplitude nodulation (QAM and M MO-OFDM (nmul tiple input nultipleée
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shown to be superior over turbo code in high-throughput. (HT)

w rel ess | ocal access networks (WANs). It is also a conpetitive,
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a bit OPEPBE| 2aQEFheEAdef TERBCBAY oBRY I 3hel M RISH1NG) nBRESREFY i n

or dqro EHOQE r gyt Becggggrﬂf S dhifsy aPas HiRs thRoughbher ent)
synbol s. I'n I EEE 802. 11a standard, .the bit interl eaver processes

t Wo SW@PS1©$Spe?~'ﬁmhtlﬁtﬂFeﬁ§S SmeFWprks0 NEBBNAY- adfhcehf coued bits
onto ”88&8&9&@9&e”€§H&£ﬁ§%€ in the optional HT-mode in proposals

for the IEEE 802.1in standard. LDPC code has also been
proposed for IEEE 802.16, standard for Broadband Wireless
15 Access (BWA), which 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.

20 In the conventionél 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 bits to different positions in
different symbols.

25 ‘

In IEEE 802.1la standard, the bit interleaver processes two

steps of permutation by

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

channel correlation.



synbols to avoid burst errors introduced by single synbol and
channel correlation. WO 2006/ 083233 PCT/ SG2006/ 000019 3 Wien N

denot es t heygamewanss Si ze, the first pernutation is defpichgd2@%/0b00m
(N/ d) (k nmod d) + floor(k/ d , 3'k=0, 1, K, N- 1, (1) 5
where d is the interleaving depth, and floor(.) denotes the |[argest
i nt egewhBAt NexrerdicRg ke ERlaARRiersisy,epciz 10rdMppenauiadiacents
coded hits alternately onto nore significant bits (MSBs) and | ess

si gni f FE5hESBi®% (LSBs) of the constellation to avoid |ong runs of
LSBs with low reliability. 15 The second pernutation is defined as’j
= s x loor(i / s% + (i + N- floor(d xi/N).) nod s, (%%- i=0,1, K N1
where s * we¥ [ dDte mpd) ds Geeerli/dd by the RodUlat onlor der (12 20
M Two nethods for use with LDPC coded nodul ati on are described in
the followng. 25 The first nmethod is to use the bit interleaver
accor dwhgreod .isEBERS02ntehd cavidgs dapidd sl eflaonier ntemotdre LDPC

encode bits,,cf. [2]. .The second thod is the direct mapping of a
LDPC cgaéﬁﬁ?ﬁ L ’Ef-‘g%ﬁ d*%n SRCaP lggngﬁ?.paﬁ‘ﬁ‘l@efies‘r'expl ained in the
foll owi ng.- WO 2006/ 083233 PCT/ SG2006/ 000019 4

Step 2:

10 Mapping adjacent coaed bits alternately onto more significant
bits (MSBs) and less significant bits (LSBs) of the
constellation to avoid 1long zruns of LSBs with Ilow

reliability.
15 The second permutation is defined as

j=sx floor(l1/s)+ 1+ N—floox{d x1i/N})) mod s

(2)
i=0’1,K ’N""l

where s = max(loszd,l) is determined by the modulation order

20 M.

Two methods for use with LDPQ coded modulatipn are described

in the following.

25 The first method is to use the bit interleaver accordiﬁg to
IEEE 802.l1la as described above to permute the LDPC encoded
bits, cf. [2]. '

The second method is the direct mapping of a LDPC codeword

30 into an M-ary symbol. This is explained in the following.



An (N, K) LDPC code is given by-its parity-check matrix, H = [HL H2],
where K and N are the nunbers of information bits (to be coded) and

the nunber vad 2dobdgéa260ded bits, respectively. The gener gicqisg¥dsfobaord S
given by 5 G=[1 HTHZT] (3) wherg ?kxk is. the identity matrix

generating systematic bits of the codeword. The codeword based on' G
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sequence user C c consists of the
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Accor&ll n e second nethod, "consecutl ve bits from

codewqid Cpare HdeRgt | Yad®ppese i NhemB8r M 3Ky amigss el deddon bsydrpol .
20 The usage of the first nmethod, i.e. using a bit interleaver, 1is
not opePReftiielce iThe grneastorongbhlents cHaerBPE@M a bit
intefleaver is not required in LDPC coded nodul ation. This is " the
advant age of LDPC coded nodul ati on over conventional.' 25 coded
nmodul at bog.[f%h@ , the first method has the disadvantage theggyit is
not opti mal™ t‘é—apg)l y the permutation rule used in | EEE 802.11a for
LDPC coded nodul ation. This is because the second 30 pernutation
according to equation (2) maps adjacent coded bits to' nore
si gni theaat Ibij siéMVEBs) ident s naig fdegwratidg2eg6Le8328e bits
PCT/ S&2006/ 000019 5 . '

of the codeword. The codeword based on G is

10

c = uG = [u uHiHE;"] = [u pl, (4)

where u is the information sequence {vector of user data
bits}. The codeword ¢ consists of the vector of systematic

15 bits u and the vector of parity bits p.

Ac—:coa;ding to the second method, consecutive logs M bits from
codeword c are directly mapped into an M-ary constellation
symbol,
20

The usage of the first method, i.e. usin_g a bit interleaver,
is not opti-mal_ 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

25 coded modulation.

Further, the'first method has tﬂe disadvantage that it is nO'i:
optimal to apply the permutation rule used in IEEE 802.lla
for LDPC coded modulation. This 1is because the second
30 permutation according to equation' {2) maps .adjacent coded

bits to more significant bits (MSBs) and less significant



bits (LSBs) alternately in phase shift keying (PSK) and QAM which
is only suitable for non-systematic codes such as convol utional code

that is usggpbddsagesy ding to | EEE 802. 11a (see [3]). Pmcg%gmlg
net hod has a simlar drawback. \Wilg consecutive coded bits from

codeword ¢ are mapped directly into PSK or - QAM synbol s, the
syste I d
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evenl e resul T of a study is given that shows that
turbo wbbde perfonhs @eltﬂrt@bl\ﬁheﬁ0§yﬂm8@e@ﬁﬁlﬁar¢qq&chééﬁhblEtfs
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assi gné ole co ewor arge bl ize etter

per f or faaee[3E) achi eved when the systematl c bits are protect ed
better than the parity check bits and this effect becomes stronger
as the block size increases. Research on wunequal error protection in

LDPC coHg BBLBhY heths®shes hheimdaast deatbaskof Whhee L BBEseodeims d
(cf. [51, It has been 2Q found out that in -general t Iarger

6] )
t he vaPPé%‘l[i LﬁBﬁefrﬁ‘égFéégwoFﬁe_hiadgr?eFHB(%da\%%@ adi"s |

after ggGodiRgo1s M Se COPSLARAON: | 5108 ¥n@PPAELBPI 8IS éféeﬁllé@éd LDPC
code, owever. 25 An object of the invention is to increase

performh@eM%&S [FRCLSBsdedendul ati on nmet hods. The object is.
achi,eved by the nethod of transmtting data, the nmethod for
recé€iving data, the transmtter, the receiver, 3.0 and the conputer
progr aimpféfiuths weshlt hef f eastindy ascgidengthed shews ntepentierpo

CIainBco e %%Qgégggzg ECT/S%?QPGA§§¥%%§%10 and parity-check bits

are assigned different power levels than when equal.power is
assigned to the whole codeword. For large block size, bgtter
15 performance is ‘achieved - when the systematic bits are
protected better than the parity check bits and this effect
becomes stronger as the block slze increases. Research on
unegqual error protectidn in LDPC code mainly focuses on the
construction of the LDPC codewcrd (cf. [5],16]). It has been
'20 found out that in -general the larger the wvariable node
degrees, the higher the average radiabilities after decoding.
This concluéion is only applicable to irregular LDPC code,

however.

'25 An object of the invention is to increase performance of LDPC

coded modulation methods.

The object is. achieved by the method of transmitting data,
' thé method for receiving data, the transmitter, the receiver,
30 and the computer program products with the features according

to the independent claims.



6 Summary of the invention A nethod for transmtting data conprising
a plurality of bits is provided wherein the data is nmapped to a
plurality foeo®ess ati on synbols, each nodul ation symniyelyse9smlobdeiag
at | east one nore significant bit a@d at | east one less significant
bit, at least one parity bit is generated for the plurality of bits
and the plurality of bitg @8 BEPeHel PnvdRELosi gnificant bits of the
plurality of nodul ati on'syﬂ‘b'O‘gETU"a'n'a—rn'e—p’aT"ty bits are mapped to
| ess significant bits of the plurality of nodul ati on synbol s.

Furthe [ 0 e r gto
t he nmet hoegﬂi ’}ﬁ}} aattg%nts??ﬁ%ﬁagta esccg:or |%ﬂ3qggg\g]e8i§gg£§r'%y ;a)é;%\c/lfl s
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is prov wherein | urali ation are.,rec ved
ach b Dt yaBBeRtona < neaiiabigh chatAl el S Ey
bit andeadt | easd efdgel egggﬁigﬂcimﬁarﬁlﬁ)l tand atatl eashsoneomar i Xesdit
for the plurality of bits is' extracted from,at |east on Ieﬁgo

si gni f pEgmifinantorbite pFulaPpty o8F MSFdtat RSt Shodire
plural ity uﬁflﬁcfro% pS¥E' 264 eehd dﬁiﬂfﬂ%ﬂ%ﬂ WAk £y af_»ermg%;b@diw

synbol S. Fur a receiver an n’Eut er  program product
accor dioige  $bon el ersrthdd teoofr ddei \Hlvgadaty Qés@PﬁBéath%vW%ls

broyhdegs #0eBpbghcdeserLp kgnq%gpteﬁe dd LS Ha it WS of
conmuni cat ron sSystem accor an of the invention.
WO 2006%h& §333 IHER S@Zﬁiﬁﬂﬁﬂ)@ﬂﬂdﬁ) symbols.

Further, a -transmitter and a computer . program product
accor&ing to the method for transmitting data described above

15 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 leastlone
20 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.
25
Further, a‘receiver and a computer program product according
to the method for receiving data described above are

provided.

30 Brief description of the figures

Figure 1 shows a communication system according to an

gmbodiment-of the invention.
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Rod 1: using bit interleaver according to | EEE 802. 11a; Method
rect mappi ng of LDPC codemord to' Mary synbel) are introduced.

rderlng of the WO 20(5FB8 chbHom/ 000019 8

Illustratively, the data bits (the systematic bits in case of
LDPC (Low-density 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 unegual error protection
(UEP) scheme outperforms conventional methods, in particular
when it is applied'to LDPC PSK or QBAM ({(guadrature amplitude
modulation). The perfofmance gain is 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: using bit interleaver

according to IEEE 802.1la; Method 2: direct mapping of LDPC .

codeword to M-ary symbol) are introduced. The ordering of the



plurality of data bits and the parity bits such that the data bits
are mapped to MSBs and the parity bits are mapped to LSBs may be

pre- desi gnegh #eled¥s be enbedded in the generation of geRRGAsYsBHOI19
matrices and parity-check matricesg 5 as is shown bel ow for LDPC

Enbodi nents of the invention energe fromthe dependent clains. The
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exanpl e M MO _COF rth 0 requency division rmultiplexing)
sys?grfass Eosh 8%%?‘ Q@Lptg ‘one carrier signal is nodulated 20

according to the pl ur aI i ty of nodul ati on synbols. In one enbodi nent,
the at | east one parlt%/ bit is generated accgrdln to an LDPC
encodiFPSHIeRESp| 9F al Fi§ oMMYRRSLO™ 5 SFREIBat STy négeﬁ)é?ﬂl 8%t he
pl ural Ly oQf, Tﬁgubﬁﬁb@mm%ﬁch MO HdisBg 1 bod a1l Uark aédﬁ&x@rr@@ tude
modul ation, for exanple 16QAM or 64QAM using Gray nap gﬂ HThe
aeite

i nventton metthdch foartreusmitbnapgetadars @mlaléeﬁﬁﬁﬂwc $pst ens

US'EQB@%D%M%%Q;@FQ%M gﬂg%ggéﬁ? fzperé ﬂé)r[ié;@a{" alo he-aripki ed

when hase s T keyl ng IS use r exarrpl e 8PSK, 16PSK and
SO on,axailctlmt hempnbdnlptmmm@mrhs:hmen t here exists nore
significant bits and less significant bits. W 2006/ 083233

PCT/ SG2006/ 000019 9 The invention may be seen based on the fact that
it ‘hasTheeplurality of modulation symbols may be sent using at

least one goﬁmunication channel. In particular, the invention
15 is applicable to MIMO (multiple dinput multiple output)
systems, for example MIMO OFDM (orthogonal frequency division

multiplexing) systems.

For , example, at least one carrier signal is modulated

20 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.

25 The data may be mapped to the plurality of modulation symbols
according to a quadrature amplitude modulatién, for example

. 16QAM or 640AM using Gray mapping. The invention can in
particular be applied to all communication systems uéing LDPC
coded 0AM modulation. The invention can also be applied when

30 phase shift keying (PSK) is used, for example 8PSK, 16PSK and
50 on, and other modulation schemes whep there exists more

significant bits and less significant bits.



found out that even if LDPC code has equal variable node degrees, it
provi des better performance when systematic bits are highly

protected 3ggsnRimpapsd Wth the cases when parity 5 checldhiscSo@fogeie
hi ghly protected or when systemati cgand parity-check bits are

equally protected. In an Mary nodul ati on system bits assigned to

MBs hayg J.H@éﬁ@iorp'rﬁaﬁrﬂeorsere@at %a(s@)onpecmteowaecehaaamttHQ§%een
assigned 10 to LSBs, equi val ently, bits in MSBs experience higher
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101 tOpath6y¥ene¢N&ﬁik03réiaqaammynpﬂbte¢i@m.channel 106 is supplled
25°to the LDPC encoder 103 in formof a first bit stream 105. The
LDPC encoder 103 perfornms LDPC encoding on the first bit stream 105

to genﬁﬁakﬁlaw-&&%‘h&&&13%¥$ﬂﬂéy§%éﬁﬁ”bl@8 aEEané@Peoenmmﬂethvés of
t he LDPC encoded bit stream 109 are %rou ped i nto code words of
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because it 1s sup error - over anti-Gray mapping, set partitioning
napplnghencthwttzoﬂaﬁ@83233 PCT/ S&006/ 000019 10 The constell ation
synbols are transmtted to the receiver via

Illustrative embodiments of the invention are explained below
with reference to the drawings.

15
Fig.l shows a communication system 100 according to an

embodiment of the invention.

The communication system 100 comprises a transmitter 101 and

20 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
the teceiver 102 via a communication channel 106 is supplied

25 to the LDPC encoder 103 in form of a first bit stream 105.
The LDPC encoder 103 performs LDPC encoding on the flrst bit
stream 105 to generate an LDPC encoded bit stream 109. The
_LDPC encoded bits of the LDPEC enceded bit stream 109 are
grouped into code words of length N and are mapped inte M-ary

.30 constellation symbols by the M-ary medulator 104. Gray
mapping is applied in this embodiment because‘it is superior

over anti-Gray mapping, set partitioning mapping etc.



t he conmuni cati on channel 106. The receiver 102 conprises a soft
denodul ator 107 which 5 generates a bit netric for each transmtted

bit based & 2ddBndsa3sm | i kel i hood criterion and the soft poiriscB®ilobisie
values generated in this way are supplied to an iterative LDPC

decoder 108. The LDPC decoder 108 applies the sum product

eSS ager Pass 1% 18l H9nt BibO1 Jehes at Badif theeekvedhdatdcéive A Grihe
formof a second bit stream 110. The LDPC encoding of the first bit
st r eantl@FamivR tigppichgnnet 1he- LDPC encoded bit stream 109 to
constellation synbols are explained in the following in nore detail.
15 The LDPC encoder 103 maps every K bits of the first bit stream
105 t oTlae codewdverc 092 | eogrhikesThe s sedinsdemedulator L DPE ervieder

103 i.npl ement N, . i S, 0 i
oar i Cy EREEA Seat P L BETHE (BPE LT 20 GRes 2y Delr PR (ven
by G Smakirhiirl] ké Bjhoothers tidedlon sartcheliadent it yomtméwr gemexkatdng

systematic hits .25 of, t he codeword. Tllee odeword ¢ _based_on i

gi ven B§REratsfs 10 u&‘ﬂ—ﬁl—ﬁ'ﬂf 2% BPPP %?8 er 8% u Jitgrfaﬁ‘évse&%oééof K
bits nappsskt o1bbe aodevormt Cdecd@er! S0sdefiniladsastlidiesunedesdwit
systematic bits. The codeword c consists of the vector of systematic

bits UNBSERISTEARTINS DLIOKHHEL ¥@ gaPPE]TE héhfedtGRI8Ep &ty Hits.
WO 3_909{%%%23@ Y SRQQE/ B9P0d8redd T, codeword c, which is a part

of the encoded bit stream 109, is mapped to N constell ation
synbols. This 1042 M :

The LDPC encoding of the first bit stream 105 and the mapping
. of the LDPC encoded bit stream 109 to constellation symbols
are explained in the following in more detail.

15
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 dits parity-check matrix, H =[H Hp]. The

20 generator matrix is given by
G =1 HiH;'] (5

where Tixk 15 the identity matrix generating systematic bits

25 of the codeword. The codeword ¢ based on G is given by
¢ = uG = [u uHlH,"] = [u pl, : . (8)

where u 1i1s the vector of K bits mapped to the codeword g,
30 also denoted as the vector of systematic bits. The codeword ¢
consists of the vector of systematic bits u and the vector p,

which is called the vector:of parity bits.



mappi ng corresponds to an arrangenent in formof a block of 5 bits,
which is shown in the fig.2. Fig.2 shows a block 200 of bits

cor r espondiwigzdegrogd2¥odul ation according to an enbodi megcraiz260dB00019
i nvention. 10 The hei ght 201 of theqibl ock 200, i.e. the nunber of

rows 202 of the block 200 is s = max (10 22 M, 1) . Mis the

nodul ation order, for exanple M=8 for 8PSK, M=16 for 16QAM and M-=64
for 64QAM 15 The width 203 of the block 200, i.e. the nunber of

col untiBhe 26ddefortchechl 6dkcX001i$ s aN/BArtThPE rabensLRMat epRedeilo®T200
conprises N bits. Therefore, the l&l ock 200 can exactly hold the bits
of theswedewand,c.i 2Gndptesdy tosld—eetmemistidicl dilieek ffbolis..e Thiilse
first colum, the third columic@ & | corresponds to an i (in phase)
conmponent., Every even .colum of the' block,20 i.e. th o]

col LiBHiRg CORFEREEBRamT® 8r. A= =80PrBERbN A6 £57H B Buddisturs)
conpgneits, BweEy §woskEekhms tHe tiigy.l2l.ock 200 are mapped to a 25
constell ation synbol. For exanple, the first colum and the second
colum of the block 200 are napped to a constellation synbol,

wher ei g & Be hinlst 2CRLYAR 506CHF I8k d R rreGPBRANAAT to &Nfbdllrtserond
colum specifies the Q conponent. -30 In another enbodi ment, each

col umeofondiagf Epsanhabodimenie of dhemigventipa- bl ock' 200, i.e., the
first colum, the second WD 2006/ 083233 PCT/ SG2006/ 000019 12 col unn,
and so on to the d )th colum, corresponds to an 2 s | (in phase)
conponent heFagh @01t bE chleutmiochfl 20Be Seeonthe Inumber lof t1tpwshad02 of
the colums of the block 200, i.e. ltorc}ebéz s 111

of the block 200 is s = max(—22———-,1). M is the modulation

order, for example M=8 for B8PSK, M=16 £for 160QAM and M=64 for
640QAM. '

15 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 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 @ (quadrature)
component. Every two columns of the block 200 are mapped to a

25 constellation symbol. For example, the first column and the
second column of the block 200 are mapped to a constellation
symbol, wherein the first columﬂ specifies the I component,

and the second column specifies the Q component.

.30 ITn another embodiment, each column of the first half of the

columns of the block 200, i.e., the first column, the second



| colum, thel 1 N+ 21 and so onto the Nth colum, 2 s JJJ s 5
corresponds to a Q (quadrature) conponent. For exanple, the first

col um and vwdnegokdssdbst 11th col utm of the bl ock 200 are p¢r&chdosinRped
to a constellation synbol, whereinizhe first colum specifies the I

conponent and the (2 N+ |I)th colum. 2 s 11 specifies the Q

conponent. 10 The columms are gp to constellation synbols in such
a way cdéhain,t end oo rcmmﬂ:c:oftltégﬁl o€ kt12 060 Joowmy e SO SPeNAsST €0 an
evfo

significant bits (MSBs) and thef rows of the block 200
correspongl,t ?;hé@é? Egﬁg?ééﬁéf‘t gRichS dA-SBsd  0514Mes | o5 13RS and

Q components. For  ex In case of 16QAM the first colum hol ds

the nore significant. bit of _the I-_.co nt,in the fifrist ™ nd the
| ess sPyht foEahte bFRLl YIS Rk Fgﬁo%f}ﬁgﬁgaﬁn ﬁhg'sgg(?n({'j oW, Siz\Q‘OJ%Phe
codeword c is witten to the block 200 in the row direction. This

means that the firstibif of the codeword ¢ correspomds to the bit in
the fiestumow dher hg—firsf ?Qm @Rt 6° t B8 bFEckTEE0, THR SRRBHE bi t

of the codeword c 8rr85po ds to the bit in the first row of the

secoRd-5otHPbndd5 to a ¢ heqhbsratiid) odorigtmetndeviy exaqliegspords to
the bit in the second row of the first colum and so on. WO

o ary BoRE RGN0 LD R (A PRaab gt PR LIR AP e
e

colum direction; i.e. ' _
mapped to a constellation symbol, wherein the first column

1 N
specifies the I component and the (5--—-+l]th column.
. s .

specifies the Q component.
10
The columns are mapped to constellation symbols in such a wgy
that fhe top rows 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 I-
15 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 gignificant bit of

the I-component in the second row.

20 The codeword ¢ is written to the block 200 in the row
direction. This means that the first bit of the codeword c
corresponds to the bit in the first xow of the first column
of the block 200, the second bit of the codeword ¢
ébrresponds to the bit in the first row of the second column,

25 .., the N/s+l bit of the codeword c corresponds to the bit in

the second row of the first column and so on.



the first '1092M are witten, fromtop to bottom into the 2 first
colum, the second 1092M Zare witten, fromtop to 5 bottom into the
second col wma@eessss on, the. witing of codeword c in pc@WcBidsRGdoiON
(instead of columm direction) corrgsponds to a pernutation of the:
codeword ¢ to a codeword c¢ given by 10 ¢ =uG (7) where the nodified

gener al OLufld | ¥t 151 64 VEBY €8 tnePhi-sly HoeuTBtbix 163l pind iy is a

permutation matrix according to the pernufation of the codeword c.
It is def@nlthywritten =to bhe plogk3 200 g heele ¢ipectPhete0 =
0,1,...,N=1 and -fN /N?X(O mod s)+floor(0/s), 0=0,1,...,N1. This
means that fihet c 5888 dagei srititehen fromt Hepbltec b@G®n,25lnte cotaim
direction, which i £ equivalent to witing the codeword c in row
direction. This neans that in LDRGgage, the pernmutation of codeword
c i s-figstvabénnnt o tiedi $ggargl t ersteor vt ¥ GEremGtepG o WO
2006/ 083233 PCT/ S&x2006/ 000019 14 ere Pis the pernutation matri x.
The gopsesaRNdiAboP@hiel Yse HRE KedBlnih X ahd fdo =oMPTthE and tHngyobe
pre-designed and stored in transmtter and receiver, r Es)gectively.

Ther ef @p@ewoxheCpemmutel | Bhraestgn, GNsEqaryAfert?y T hedbpEFht Y%t i on
of 5 MBLEi&sBondlP8% MPld HuftadHeR ¥ that eBayweprd does A0kodeword

¢ given by

t

10 & = uG (7)
where the modified generator matrix G is given by

G =¢GP. (8)

15 -

The matrix g=[p_-;_’j] is a permutation matrix according to the

permutation of the codeword c¢. It is given by

1, i=6and j=pn )
pl’j__ 10, otherwise .
20 _ |
where 8.=01,..., =1 and
B=N/sx(©® mod s} + floox(® / s), 6=01..,N~1.

This means that the codeword & is written to the block 200
25 in column .direct’ion,-_' which is equivalent to writing the

codeword ¢ in row direction.

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

is- equivalent to modifying the generator matrix G to G = GE,



i ncrease processing conplexity. The systematic bits of the codeword
care witten to MSBs and are thus highly protected. This leads to a

hi gh per f ornp@bgenss20 I n order to verify that the above pdERchévaaciédd
error protection) ‘pernmutation scheme | eads to a high performance

its performance is conpared with the performance of the two prior

art’ mephods C sOeRied iRdWatiQn §88CELReds pbIYEhdl pd Mathod
1. ﬁng biﬁfo%sn'lt_gﬁ)l eaver accl?rﬂdi r?g to | EEE 802. 1sla; I\/e%lf]pod 2:§ho

di r ect - BOPI g P x LEBC radewdrd @ oghhary supbele) pu-idesie@e and
64QAM over independent "Rayléei gh Tading channel. 20 An efficiently
encodasteréd reyut sanibRC epodadofrepedseircakespactieely - theerefore,

partial-differential (PD). LDPC code,.l l.] f I..0 The
Rat o- 172 PR TP {2 ba IO did) 9% Tanin ) G e, e RO be

| ow dumdtgliagenal drakr i xoanditkddasecoktyn’ laveight acfl 6dees it
desi gned by the Iprogre:ssive edge-growth 25 (PEG nethod. The -
const el P&EFHIFT FHE CRFORMEn §°BY k%h h Gray mapping follows | EEE
802.11a (see [3]). At the receiver, the bit netric, generated based
on maxi mum | i kelihood criterion' is 30 passed into iterative LDPC

decodePhapfirstianptiite s pfobletco & PEEs MR TEPBOFP LRRS T
T R SR AR RRsy R il soliseRbhecaraysto 10
illastrating the performance of an enbodinent of the invention. A
(o ARl e Peke oL a5 d DRy MMGnLiarE, Sovor
protection) permutation scheme leads to a high performance
its performance is compared with thé performance of the two
prior art methods for LDPC encoded modulation described above
15 {(Method 1: using bit interleaver according to IEEE 802.11a;
Method 2: direct mapping of LDPC codeword to M-ary symwbol)
with 160AM and 64QAM over independent Rayleigh fading

channel.

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

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

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

. The constellation of 1602M and 64QAM with Gray mapping
follows IEEE 802.1ia {see [3]). At the receiver, the bit
metric generated based on maximum likelihood criterion- is

30 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.



shows the bit-error-rate (BER) and franme-error-rate (FER)
performance for 16QAM In the diagrans 301, 302, the BER and the FER

grow from wi@2004043888 to top, i.e. in the direction of thgesprRebloye
y-axis 303. The ratio of coderateitso codeword size grows fromleft

toright, i.e. in the direction of the respective x-axis 304 and is

gi ven g @B. 15, Jhey NRIMTBRGeLgeka Ach eved B¥rEbempieposTd an
permutation over the tTwo prior art nmethods can be seen fromthe
sumuargubodamenb| ef 1therine@mMand 64QAM Method 1 and Method 2 have
simlar performance in 16QAM and Method 2 outperforns Method 1 in
64QAM 20 Gain in dB 16QAM 64QAM  UEP vs BER@O 0.24 0.62 Method
FERGQL® Fi26t0d456gram UEPL vshBERGI® ®i24e@rds-rake h(REFERGD foaps—0. 57

2 Taple 1 Further cQ rison of e or. . 0 ed
per t%ﬁHQﬁ?rE%ﬁpéFEg)mpgggﬁET%%%e2f$€ %ﬁ%%% or §§§§£‘%%§F9§18%35
mul ti pdiesisn g {SMb iM-MoroEDYEtsul (BRF)e amputt ameteplrorenspat (FER)
ort hogonal frequency division nultiplexing) systemwhich is WO
2006/ (BEXLPIUPRFLSERBH06PEM019 16 designed for a HT WAN (hi.gh

t hroughput wireless |local area network) system The proposed
pernutation is only conpared wth Method 2 because_of the above
obser vEt | bhe t HiBgNBRMBEOFEOL, 302, the BER and the FER grow Irom

10 bottom to top, i.e. in the direction of the respective y-axis
303. The ratio of coderate to codeword size grows from left
to right, i.e. in the direction of the respective x-axis 304

and is given in dB.

15 The performance gain achieved by the proposed permutation
over the two prior art methods can be seen from the summary
in table 1 for 160QAM and 640AM. Method 1 and Method 2 have

similar performance in 16Q0AM and Method 2 outperforms Method

1 in 64QAM.
20 ' |
Gain in dB . 160QAM 64QAM
UEP vs | BEREL0 0.24 0.62
Method FER@107¢ 0.26 | 0.45
. : .
UEP vs BER@L0O™ _ 0.24 0.48
Method FER@107* 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
25 multiplexing (SM) MIMO-OFDM (multiple input multiple output

orthogonal frequency division multiplexing) system which is



outperfornms Method 1 in 64QAM over Rayl eigh fading channel. 5 A
practical | EEE 802.11n channel nodel is used for exam nation and the
receiver censi@dens2practical frequency offset estimti Q@T;sm%ggmg
conpensation., and channel estimtiién (including SNR estimation).

The sinulation paraneters are 10 given in table 2 and the results

are shewighBdFirgrda E@P@L&@dﬂhB@ﬁﬁﬁﬁk%uBBphBPG&EBQéss1162&1 aréd
col um wei ght {6, 2, 1} Si ngl e encoder for spatia

|
st r eaetWRBHUI &Nﬁ&ﬁmméﬁm vﬁ”t'cl’PQ?%ﬁl Pr%lﬁ?ﬂﬁ‘?d:lo(ﬁ:[i\ﬁ SP%\Y SSTRARBSr of

dat a %&?hcﬁ'é'Ehgasz Bechbbes s ofhsPabdwd HJQan® idnMihaitpietasiepnas’
| EEE 802. 11n channel nodel Chanpel B, Channel E_ Packet
SI ze votpebfosss Mthod Fiig ALORMOVEFaBrEkelgh | {RIING (HGORE -
perfé)rmance of an 15 enbodi nent of the invention. A first diagram
401 shows the bit-error-rate (BER) and frame- error-rate (FER)
perfoamarp:mdtmca(]:hamiEIE B.80% sdaondchfirgrlam el shbss thed for -

bi t - ER f E f f
Chann@ LT ABiot08 e 0 FeTFLiohoRPBabiTes pragticRE EmRaey o
the digFg=ans c40imadlch, tﬁlﬁa&l&o&@@ntsheloEERa@domhdmm e ttignattiont op,

i.e. inthe direction of the., res t e 403. The rati f
coder di@alydipde iRy gftimation). PRhe SiMRYion  parametess ' drd

10 given in table 2 and the results are shown in Fig.4.

LDPC code Rate-1/2 PD-LDPC(2304, 1152)
with column weight {6, 2, 1}:
Single encoder‘for multiple
spatial streams.

Modulation : - 640AM with Gray mapping

OFDM size 128

Numbetr of data sub-carriers 26

Number of spatial streams 2

"I Multiple antennas’ Tx: 2 Rx: 2 .
TEEE 802.11n channel model Channel B, Channel E
Packet size ) 1012 bytes
Table 2

Fig.4 shows diagrams illustrating the performance of an

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
402 shows the bit—-error-rate (BER) and frame-error-rate. {(FER)

20 performance for Channel E.



grows fromleft toright, i.e. inthe direction of the 5 respective
x-axis 404 and is given in dB. The BER gain of the proposed

per nut at i oRy@MREpdRizhod 2 is 1.5dB and 1. 1dB at BER=10-p¢1fsehodsiasane!
B and Channel E, .respectively, and7the PER gain is 0.46dB and 0.67dB

at 10 PER=10-2 for Channel B and Channel E, respectively.
Si mul gtimanarf ot Bebvehonnt baeé BERgpens otdhnce0Pai tise oOBERhendptbposed

UEP nmappi ng over direct. nmappin Met,hod 2) increase wth cpl
wei ghpggo Bﬁc.fmﬁ%ﬁ?o%i&egoém dr - weilght ﬁﬁ%%%tlnool} %fmégg | ead
to betbepePERvpeyiffimnEs. Ther eaksoaoft toderafd doyicegicere. size

I ncreasing colum weight leads to , larger free distapce. on 't ot her
hand, 9EeVE| so-$hcredieso t RéIPbssibig t}nan@%usrﬁﬁﬁcgfogh&% gﬁ?t h.

20 By gkpubatiyeng-akis G ahgoibegseen. ihhag, different assignment of
a LDPC codeword into channels with unequal SNR results in

non-identical performance. In case of two channels with different

SNR, [ P i i enef i.ci :]J'é%n : j j hi ghl y
pr ot eE‘:F?‘ 8d, I e¢$ir% ogfasgflgn%gtlo?)%ss%?t mat |u§£§g8§??§%irn%é?lh%{ gzha%gel
with higher HBMR antidml btpa@BBR=sL Bt fori Ehanded chammel GhatnebwBr SNR.

WO 2006/ 083233 8 PCT/ S&G00 0019 _ In ths cu t,nt oLl ow ng
publ i E&?PSﬁglg? Yei 18 %‘f géﬁg Car ager m'fo%%m%gﬁgt y0 'F%rec%E{ yiaklheck
Codes pERCAVLY ifdge cChine M RieTharkRA3 y 2kpdctibelyP. H Siegel, L.

B. MIstein, and H D. Pfister, "Capacity-approaching
bandw dt h-effi ci ent coded nodul ation schenes based on | owdensity

parit ysgheekiepdeFurthEEEshbanThat NI NbedFE@Qidhce/ Ohaidd, oAOLhS, pp.
2141- 2155, Sept. 2003. 10 ) ) ]
proposed UEP mapping over direct mapping (Method 2) increase
with column weights of LDPC. However, higher column weight
15 does not alwayé lead to better PER performance. There is a
trade-off lying here. Increasing column weight leads to
larger free distance. On the other hand, it a;so increases

the possibility and number of short girth.

20 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 ftwo channels with
different SNR, for example, it is beneficial that systematic
bits are- highly pfotected, i.e., to assign all systematic

25 bits into the c¢hannel with higher SNR and all parity bits

into the channel with lowexr SNR.



[3] I EEE 802.11a wirel ess LAN nedi um access control and physical
| ayer specifications: high-speed physical layer -in the 5GH band.

| EEE std 8GRp bdognsha0, Sep. 1999 15 [4] A H S. Mhamagit/scBoos/fooo1s
Khandani, "On unequal error protectd on on turbo-encoder output

bits,"” Electronics Lett., vol. 33, no. 4, pp. 273-274, Feb. 1997 [5]
V. Kunmt,tHis Mdceementi, c thé Ofolhmgirad peraldrecagionecakenci2@di DPC codes
based on Pl otkin-type Construction", |EEE G obeCom 2004, Dallas, TX
Nov. 2004 [6] X. Tang, M-S. Alouini, A J. Goldsmth, "Effect of
channel[1pstr.mat ison eGaDrager M QabBERnpét{ or maxcieyi-ChBayl ei Ghde5

fadi ng", | EEE Trans. _Conmun., V]S-J’ 47, no. 12, pp. 1856-1864, Dec.
1999 Peamacssty/ dB50YeT REEEPvel’SS March 2007 19 AVENDED CLAI M5 FOR
PCT/ §&006/ 000019 Clains 1. Method for transmtting data conprising

a plurality of data bits wherein - the datg is mapped_to g‘_tgl urality
of nodl2ht ibn Eynbd-sH. Saetchoded R4 Jh-1SHAdAr @BMprr sPngFP ot St east
one Mok, S 'i'p%gz% i hg@NHafdwl Basle ONG1£8S $baBhf | faat1dtfomt
| east oﬁaep%%%g ya! |:ac|Bs 8ene?at“éd folrethe J'pI urality of data bits a
codewos chérse g dvement ey, lnWedenaithepawidevorite doedesy nglEERe I piRFal ity
of dat its and the at .l eggt e parity Jjtq_ er thggpl urality
of dat gmg?{rg. gi}ée?ﬁ’ﬁpgglt'oﬁﬁﬁrlgg'si%’niéé'ca%&l gﬁ?@'oggﬁﬁé %??JI’GJ ity of
nodgbat i on synbol s and the at
"[3] IEEE 802.1la wireless ' LAN medium access control and
physical layer specifications: highjspeed physical layer 'in

the 5GHz band. IEEE std 802.11a-1999, Sep. 1939

15 [4] A. H. S. Mohammadi, A. K. Khandani, "On unequal error
protecﬁion 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
20 L.DPC codes based on Plotkin-type Construction"”, IEEE GlobeCom
2004, Dallas, TX, Nov. 2004

[6] X. Tang, M.-5. Alouini, A. J. -@Goldsmith, "Effect of
channel estimation error on M-QAM BER performahce in Rayleigh-

25 fading", IEEE Trans. Cémmun., vol. 47, no. 12, pp. 1856-1864,
Dec. 1998



| east "one parity bit is mapped to at ‘| east one | ess signifi caCTHIG2006/000019
of the plurality of nodul ation synbols, wherein the codewoRgeeived 26 March 2007
arranged in the formof a block of bits, the block of bits '

conpii ses-at |east two rows of bits, and the codeword is witten to

the bl ock ofawelbip Efaile rdPWdH ARSbhBeods1dEt hod according to

claim1l, whérefm the p ura||Ly-U#i—ﬂUguﬂarrumrsynbols'are sent using

at | east oné&l2&@Emuni cation channel. 3. Method according to claim1

or 2, further conprising nodulating at |east one carrier signal

according-to the plurality of nodul ati on synmbols. Amended ‘Sheet

| PEA/ AU PCTASGRRABLE0G0TI t Receailvedng6diba chodPlsiR) 4. pMetdodky of

accordi ng tQ.a0y,one &ﬁ the clains 1 to 3, wherein the at | east one

parity bit Is generateda%%%brding to an LDPC encodi ng of the

plurality of dhtadbiasisSmapbediodoagoendidld ty0 FNYhodne a8k oh NEyRb& 418

1to 4, wherejn Ihg gata I's mapped to the EIuraLity of nodul ation

symbol s acc6PP ng™PE e iR r af lanpiormPgdslagduphit | bpase. one more

Transmi tter sioni f{eawrisid nhdlakagchbe ool A LMigsl RYc@nc Pharality

of data bits, wherein - ‘the transmitter conprises a mapping unit,

adapted to mept 1RRSHARE REFHEY Pétalpl generatediforodblaplonabimpalfs,

‘each data bits '

- a codeword is generated, wherein the codeword comprising
the plurality of data bits and the at least one parity bit
generatedi
- the plurality of data bits are mapped to more silgnificant
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 modunlation symbols,
wherein

the codeword is arranged in the form of a block of
bits, -

the block of bifs-comprises-at least two rows .of bits,
and

the codeword is written to the block of. bits in the
row direction.

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

communication channel.

3. Method according to ¢laim 1 oxr 2, Ffurther comprising
modulating at least one carrier signal according to the

plurality of modulation symbols,

Amended Sheet
IPEA/AU



nmodul ati on' synbal conprising at | east one nore significant biRCESG2006/000019
at | east one less significant bit the transmtter conpri sesRaceivddsié March 2007
generation unit adapted to generate at |east one parity bit '
generated for the plurality of data bi and to generate a codeword

conprising the. yp i .dat q bi and _t at.,.Least_.one ,parit
bit generated abr%djcg&?hgerrggg%ﬁg 3Crﬂ tér?% %ggp[]cg% {tglarraa%atl%% p+ u%éjl i%/"y ,
of data bitwherg@inptbesignilteshnonsi parify thid: plaurgdridrnptetl according

modul ati on I d t t | east.oO rjity bi,t "to at

| east one | Z“?gggﬁ %R? i%%(g?g%ﬁ ng t@ﬁepgflﬁ??ﬂ?fy&%fda%ogﬂn%gfi on

synbol's,. wherein the codeword is arranged in the formof a block of
rises at least two.r of 'hits,

bits, the bloock,,of, bits co nd the
codewor d issvi/ribta?%}hocéoaf:%gg?‘%%k S H¥s PR tHe %ﬁéw?}iaﬁé‘@ti%n%W. A
conput er prodeaerpr gtlecidatahiiech maghed evecileeqdiyaditGoBPULRHL1IBKES

t he corrputeré(ggréorm a nefhod for Anmended Sheet, | PEA/ ei . )
PCT/ SG2006/ 63069 BETRITHEH 26 MaidAdzabyre Amp s fordkdaihea-
conprising a plurality of data bits wherein - the data is mapped to

a plurality of nodul ation synbols, each nodul ation synmbol conprising
at |east oné: nBransBigre¥itAmttusneminding debdi Wi dades comgnisioam

bi t plurality of data bits, wherein

-~ the transmitter comprises a mapping unit adapted to map
the data mapped to a plurality of modulation symbols, each
modulation symbol comprising at least one more significant
bit and at least one less significant bit
~ the transmitter comprises a first generation unit adapted
to generate at least one parity bit generated for the
plurality of data bits and to generate a codeword
comprising the.plurélity of data bits and the at least one
parity bit generated and
~ the mapping unit is adapted to map the plurality of data
bits to more significant bits of the plurality of
modulation symbols and tec map the at least one parity bit
to at least one less significant bit of the plurality of
modulation symbols; wherein i

the codeword is arranged in the form of a block of
bits, - o |

the block of bits éompriées at least two rows of-bits;
and |

the codeword is written to the block of bits in the

row direction.

7. A computer program produect, which, when executed by .a

computer, makes the computer perform a method for
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- at Ieast one parity bit is generated for the plurality of dMESG2006/000019
bits -- a codeword is generated, wherein the codeword conprRsediged 26March 2007
plurality of data bits and the at | east one parrty bit generated the
plurality of data bits are napped to m)rzeL significant bits of the

plurality of tmﬂsnhiattmg syahkal scé(.}éiriglei l%ﬁ%%ﬁn% p%rr t biists

mapped to at ] east one | ess significant b|t Iuralr
nodul ation s 5%  wherein the codeword is arranged I n the form of

a block of bitse &heablockmicdits ac%rrragﬁ reﬂga}lléﬂ\{\o L{ﬁ%ys of

bits, andthe codevvordls witten to
direction. 8%2%&tHB ?Jtﬁftlpécersw’rﬂrb@ldacampnnmngr nzg: a-piagml idne ofmoxe

data bits wh Ieifhcgaalﬁlgr I tion synmbols.are received,
each nodul atlﬁ%n symbol (J:'g l‘:.\LIrq%{srgétg a%q g’élset l&ﬁé ﬁb?%lg T iddnt  hit
and at | east™ dHe 4e&ass §>Ff1@npﬁr¢arltbbttl:atgdmateangopafhéypiqhtalfl%, the

plurality ofggal a,{hidts is extracted fromat. |east one |less
significant bit of the plurality of nodul ation synbols - the

plurality of~ datecdinerdaries exneacied, f wRaréhe b UESdddd: comﬁrlsmgd
ecei Vv

nodul at i an ded _She l PEA/ AU PCT/ SG006/ 00001
T b ch Zogtwcﬂl%féﬁ@y Seo088L piES and the at least one parity bit
genaerated .
=~ the plurality of data bits are mapped to more significant
bits of the plurallty of nwdulatlon symbols and the szt
least one parity bit 1s mapped Lo at least one leés
significant bit of the plurality of modulation symbols,
whexein |
the codeword is arranged in the form of a block of
bits, '
the block of bits comprises at least two rows of bits,
and '
the codeword is written to the block of bits in the

row direction.

8. Method for receiving data comprising a pluxality of data
bits wherein ’

= a plurality of moedulation 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 data bits is
extracted from at least one less significant bit of the
plurality of modulatien symbols

~ the plurality of data bits are extracted from the
plurality of modulation symbols
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22 - a.codeword.is generated,  wherein the codeword conprisi ng PET/8G2006/000019
pturality of data bits and the at |east one parity bit extResfied 26 March 2007
and wherein the codeword is arranged in the formof a block of bits,
the bl ock of bits conprises-at |east t rows of bits, and the

codewor d i S —SUDSEHRIIALY i L he | bits in.t [OW. .
direction. 9. Receiver for %g%%i g?%%’ dat a]?ecﬁl?hgéhfatcfd%gﬁggi glglﬂﬁrjasmg .
plurality ofthgapduseddtywhéreéata tihits erel Ve cdnieiases oaer peel vy ngit

uni t adaptegxg =k2E8i vera pldvali ty of nodul ation synbols, each
nodul ati on synbol cohprising at | east one nore significant bit and

at | east one | esthesiapdieficcdntlsbidrmrfgedstirexti@ctban Yhi ta dshajrxedhr
to'extract at.Least one parity bit for the plurality of data bits
fromat |eaSt 6he less significant bit of the plurality. of

modul ati on synbotbeabdechnsf exfrsaconphibestabdpifd th@ e¥lsast bhes -
plurality %f data bits fromthe plurality of nodul ation synbols - a
generator u PF adapted-to generate a codeword, wherein the codeword

conprising the ptheakbtigwetddaka shissqabdtihereal &geﬁtaw¥fﬂ¥yaﬂ>bf
bit extracted, apd., wherein the codeword is arranged-in the formot a
bl ock of bPtES thethR fW GHugctdoBonprises at [east two rows of
bits, and -the codeword is subsequently read fromthe block of bits

in the row direction

9. Receivar for receiving data, the data comprising a
plurality of data bits, wherein the receiver comprises
— a receiving unit adapted to receive a plurality of
modulation symbols, each modulation symbol comprising at
least one more significant bit and at least one less
significant bit
- & fixst extraction unit adapted to extract at least one
périty bit for the plurality of data bits from at least one
less significant bit of the plurality of modulation symbols
— & second extraction unit adapted to extract the plurality
of data bits from the plurality of modulation gymbols
- & generator unlt adapted to generate a codeword, wherein
the codeword comprisiné the plurality of data bits and the
at least one parity bit extracted, and wherein '

the codeword is arranged in the form of a block of
bits, )

the block of bits comprises at least two rows of bits,
and , '

-the codeword is subsequently read from the block of

bitz in the row direction.
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10. A conputer program product, which, when executed by a ®eeEMEER6 March 2007
makes the conputer performa nmethod for receiving data conprising a
plurality of data bits wherein - a plur 3i.ty of nodul ati on synbol s

are received,1g,each. rdm at.| I rjsi at, | east one nore
significant bit and at :égag’fegﬁgﬁél ggdggg‘gi #’;ﬁ%@%’t Fren _exeguiechdy a
one parity bi’PTPBESFhempkes difist woobudatrapbrferm s neshicac treg beed atng

Symbol o e thetih EomEEalty & bidkaiity B GRS Wisd Wiarthe O

plurality of “nduPatirahisyntedl smedwhateiwr dsisbgbnerated,ethigeel N dhe,
codeword co LSt . th rality .of dat its and the at | east one
parity bit n@é??%%?%?ﬁ %%ép&pﬁ:n@ﬁé@cé ewSREt SN Pargeaigni firant

formof a bl btk ad i tsasthenk! neksofiPhis GRAPLises at | east two

rows of'bits, nd the codeword is, subsequently read fromthe bl ock
of - bits in thae‘grg%\?%"r rEt ipéﬁ%%ﬁ(néﬁaeécsh@a PhpRAdfy of data bits is

extracted from at least one less significant bit of the
plurality of modulation symbols '
- the plurality of data bits are extracted from the
plurality of modulation symbols '
- a codeword is generated, wherein the codeword comprising
the plurality of data bits and the at least one parity bit
extracted, and wherein

the codeword is arranged in the form of a block of"
bits, '

the block of bits comprises at least two rows of bits,

and

the codeword is subsequently read from the block of-
bits in the row direction.
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