Descri pti on METHOD AND APPARATUS FOR CHANNEL ENCODI NG
AND DECODI NG I N A COMMUNI CATI ONSYSTEM USI NG LOWNDENSI TY
WEOARIMYIEHECK CODES Technical Field [ 1] The pPeB&mRr2009/000928
invention relates to a communication system usi ng
Low Density Parity- Check (LDPC) codes. More
particularly, the present invention relates to a
channel encodi ng/ decodi ng nmet hod and apparatus for
generating LDPC codes with various codeword | engths
and code rates from an LDPC code given in high-order
modul ation. Backgr oundDfgdctiption W rel ess
comuni cation systens, |ink performance significantly
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fact ﬁl{ut %@BE&? ha BEdnGonducted on iterative decoding and channel encoding based
on a graph along with analyses on performance and characteristics of the turbo code.
With this as a momentum, the LDPC code was restudied in the late 1990s, which
proved that the LDPC code exhibits performance levels approximating the Shannon's

channel limit if the LDPC undergoes decoding by applying iterative decoding based on
a sum-product algorithm on a Tanner graph (a special case of a factor graph) corre-
sponding to the LDPC code.

4] The LDPC code is commonly represented using a graph representation technique, -
and many characteristics can be analyzed through the methods based on graph theory,
algebra, and probability theory, Generally, a graph model of channel codes is useful for
description of codes, and by mapping information on encoded bits to vertexes in the
graph and mapping relations between the bits to edges in the graph, it is possible to
consider the graph as a communication network in which the vertexes exchange prede-
termined messages through the edges, thus making it possible to derive a natural
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comonly represented using a graph representation
woecahniorpse, and many characteristics can be anaCyami009/000928

t hrough the met hods based on graph theory, al gebra,

and probability theory. Generally, a graph nodel of

channel codes is useful for:ﬁescrlptlon of codes, and

by mappi ng i nformati on on encoded bits to vertexes in

t he graph and mapping rel ations between the bits to

edges in the graph, it is possible to consider the

gr apéecadingalgonithmy frocexample, mdecodingal ganithandearived fiem v aellie éich

excharnge r@haaﬁasta@dmcﬁgé 8% RARe HeRUKRH N 9it&H88 5 rithm and
thus &%If—%yeh q(ss %émvt Eﬂﬁgt%ve a natural decodi ng

al go | aI gorithm derived
[5F r om Zha REG ¢oge ls\mmfeﬁly@aﬁnaé@s 7 pyiy-elegk matria, dud qep hsfexpressed

gr apmngwpmncb’dﬂﬁ whieh istefetredd @V TMintSrdph. Pledaktitd1ftaph is a
an d £1e C\@ﬁ&%@ fQI‘]‘JlE]l tlﬂa %ﬁ%qpe myéd mté %ﬁ}fer%htqyﬂels tap(mhe

[ 5] code IS

par i Pss%ﬁ RS RR{esentgd Wéh e mﬂ%eeﬂ@s&fp@%%@a of jNertess.gome of
bi pawhich are gallagh ariablainodes iasd the btbermrad evhich a@salied Thevk @odes. The
gr apfariatiB odai ﬂ@ﬁﬁé fofoné ﬁﬁﬂféd kSthaedbaRbiher e vertexes

diff
16] s Sl PR e st S o Pl = gpreb s eferenee

bi patetil¢® 1gaddbh consi sting of vertexes, sone of which
[7Rr e cBHId. e divstedtdsab keaniphdeda pang-chbir nsatrh&m dvhn MbPC Bod%rvﬁth 4

cal |_,%q,s gg@g:ﬁlmg a8 erﬁ.ﬁ%"toﬁél 1E8 CQ%’Q %%%ﬁlﬁgr%f O0mis ?Qﬁe

Chn

e enco esent

mappe
ot hEIOH Sl et Rpesncisdan RDPE e il generagsa e codeword, and
r ef ethe pdemisareiha@ped th 8amcbd2d bifsAn afeinGio che basisust r at es an

[8EXaNPFRS. Qfillutrddd aiTadnes Fﬁﬁllﬁcdm ohding o (R paRify- J-h%é‘tﬁfjﬂ. in FIG.
wth,4 -rows and 8 co eferrlngtoF

because the nunber of colums is 8, the parity- check

[9khvat r | Refering jogfiEi+ 3. s Tanner praoh efgheLPHGcodg dnelyes Evarigble nodes x,
| eng202)8x,q204Ewo(206), BNE0Y)NE (110}, H2S2)7%,82 PR RARER, (216)8nd 4
encoged Rt 9 %78, 295 Gnll 924ﬂ NG PARHrn ar@Sa] 1%chf’h tttﬁ parity-check

illustrates correspon
e | BHE He AP LR Sodeheafapelo  y A nORER a5 ghacls o, ro-
FI G Spﬂctwtlbleln Tty 2 @ﬂmf Lgife. & hen-teBP@Ihepd ¢hei poink whers arBit
v a[j | @ingh 0 d?‘&o% 11) the §£Hiy ﬁh&ia ﬁﬁ{frlxr}ﬂ Qe the 133&C cg@(:rosg g&h other
an * ro
'%&é}wmﬁt he 'ﬁq i"lfg% code }}eeva Vgﬁep'éoge f‘émg% %S‘gﬁ "88" on

nodet scTafer S&aph 2L HEWR imBiGe2. r e

[10] In the Tanner graph of the LDPC code, a degree of the variable node and the check

node indicates the number of edges connected to each respective node, and the degree
is equal to the number of non-zero entries in a column or row corresponding to the
pertinent node in the parity-check matrix of the LDPC code. For example, in FIG. 2,
degrees of the variable nodes x; (202), X, (204), x; (206), x4 (208), X5 (210), X4 (212), X7
(214), and x4 (216) are 4, 3, 3, 3, 2, 2, 2, and 2, respectively, and degrees of check
nodes 218, 220, 222, and 224 are 6, 5, 5, and 5, respectively. In addition, the numbers
of non-zero entries in the columns of the parity-check matrix H, of FIG. 1, which
correspond to the variable nodes in FIG. 2, coincide with their degrees 4, 3, 3, 3, 2, 2,
2, and 2, and the numbers of non-zero entries in the rows of the parity-check matrix H,
of FIG. 1, which correspond to the check nodes in FIG. 2, coincide with their degrees
6,5, 5, and 3.

[t1] In order to express degree distribution for the nodes of the LDPC code, a ratio of the
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| engefranfihfpsnation word) of an LDPC code, respectively, and (N,-K,) provides a parity

length. Further, integers M, and g are determined to satisfy g=(N,-K,)/M,. Preferably, K
/M, should also be an integer. The parity-check matrix in FIG. 3 will be referred to
herein as a first parity-check matrix H,, for convenience only.

[16] Referring to FIG. 3, a structure of a parity part, i.e. K| column through (V,-1)»
column, in the parity-check matrix, has a dual diagonal shape. Therefore, as for degree
distribution over columns corresponding to the parity part, all columns have a degree
'2', except for the last column having a degree '1'.

[17] In the parity-check matrix, a structure of an information part, i.e. 0% column through (
Ki-1)» column, is made using the following rules.

[18] Rule 1: A total of Ki/M, column groups are generated by grouping K, columns corre-
sponding to the information word in the parity-check matrix into multiple groups each
including M, columns. A method for forming columns belonging to each column group
follows Rule 2 below.

[19] Rule 2: First, positions of 'I's in each 0* column in i* column groups (where i=1,....K
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i nversely proportional to the density of non-zero
entries, the LDPC code with a large N has a very | ow
wden®ithywsef non-zero entries. The term "I ow deRETHIR2009/000928
the name of the LDPC code originates fromthe
above-nentioned relationship. [ 14] Next, wth
reference to FTG 3, a description will be nade of
characteristics of a parity-check matrix of a
structured LDPC code applicable to the present
invention. FIG 3 illustrates an LDPC code adopted as
t he &M mealermingahWakngyegias oDk Off ¢cohimivindab i column group is
Broaglgasd § bﬂg §9&s@cﬁdnk botv§ RS Mh Sbs@eddthe
generati on(DVB-S2), which is one of the European
di gi &Y. thﬁ‘oaﬂiﬁdstl ng standards. [15] In FIG 3, N and
K\ denoté a codeword |l ength and an information |ength
(or ,pobigegt h of an information word) of an LDPC code,
respeg; |veI , and (Ni- Ti) provides a parity |ength.
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[ nte er. ar,
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i N ewptes@d hs obibwsrHeiein, thess stquencegjare ogiisd (wiight-d pbsition
, - - seqiSnédyl’) are determ ned. Wen a degree of a Oth
phol um in each i colum group is denoted by D1-, if
3E]osnmns of rows with 1 are assuned to be , p03|t|ons
of rowlo{/WQahR(i)%keﬁ&lEfzb ned as shown in Equation (2),
in a r Qu ;@hﬁme_“—lkgizm ,Mpl) in an ith colum

group.
R} =0, RY =10, R{Y =14.

[24] Regarding the weight-1 position sequence for 0% columns in each column group,
only the corresponding position sequences can be expressed as follows for each
column group. For example:

[25] 012

[26] 01113

[27] 010 14.

[28] In other words, the it" weight-1 position sequence in the i"line sequentially represents

information on the positions of rows with 1 in the i* column group.
[29] It is possible to generate an LDPC code having the same concept as that of a DVB-
S2 LDPC code in FIG. 4, by forming a parity-check matrix using the information cor-
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[20] (2) [21] According to the above rules, it can be
appreci ated that degrees of colums belonging to an
woOhkbtooziotasom group are all equal to D;. For a beCTaR2009/000928

under standi ng of a structure of a DVB-S2 LDPC code

that stores information on the parity-check matrix
according to the above rul eS, the fol | ow ng detail ed
exanple will be described. [22} As a detail ed exanpl e,

for Ni =30, and g=3, three sequences for in formation

on the positions of rows with I for O0*columms in 3

col uespoghingup shecatildiexexpe,esdRalenkarfd® | ows. Herei n,

3djhesqg é%&%ﬁ%@ﬁ%%@%}ﬁ@ g&\?deg@%edln Q&Sﬂdﬁﬂc@ Rvith Rules 1 and 2
S eqguen egar e 1 on
< oo TR BctFgpo oo SR oL BERYS o P ro Sl of
t he redenmingldPRE ergoding pineche B¥Buhdbassd p@awclzfék E‘ﬂﬂ*é@g Bel
as f@bdriovboeldW byewsioregdmpi) group. For exanple: [25] O

{31?) 2 [I%L f&io%x&édekégaho& atDackdtted L%aﬁltpha', QP%Z%%W Ste wﬁtﬁ %,

se uence | trally
repr‘elé &5l ?Q?rlffm?’ﬁ%r?“ B %%f???‘f"d‘ﬁ% R PP O 1 1
i n tvweeiens nfonmgioo bis hz{vﬁ@]a léngthi 56 appoepmesbited 40 gener at e
an LDPC code -having the same concept as that of a
DVBSZipdibRdx,Gbde in FIG 4, by form ng a parity-check
matrix using the information corresponding to the
det ai |and pasicabipd heyingatnBb (MK L ara pxpradsed B 30] | t is
known that the DVB-S2 LDPC code designed in accordance
wi t h(RuPes: Pv-and 2 can be efficiently encoded using
the structural shape. Respective steps in a process of
perform ng LDPC encodi ng using the DVB -S2 based
[3]ar i t Ste£ heGKLIDIC érickdeniditialibe pakerg bitd [dalides] ow by way of
[%xan'ple [3 1} In the follow ng description, as a
et ai ppdppxarppg., 3 =0VB-S2 LDPC code with N, i , | ,
g 5 undergoes an encodi ng process. For con venlence
[34Inf or $reg 2:Gthe BIDPE ehevdemrgada inf@mgtidn aurews elpre s Bridoawd s column

group from a O weight-1 position sequence out of the stored sequences indicating the
parity-check matrix.

[35]

[36] 02084 1613 1548 1286 1460 3196 4297 2481 3369 3451 4620 2622

[37]
R =0, RY) =2048, RS = 1613, Rl =1548, Rl =1286,

B =1460, R =3196, RY =4297, R =2481, RIY = 3369,
By =3451, R = 4620, Rl = 2622,

[38] The LDPC encoder updates particular parity bits p, in accordance with Equation (3),
using the read information and the first information bit i,. Herein, x is a value of

R(k)
for

k=12,..13
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, and parity bits having a length are expressed as
[32] Step 1: An LDPC encoder initializes parity bits
wagodalotaswns: [33] [34] Step 2 : The LDPC encodeCT/KR201®/000928
information on rows where 1 is |located in a colum
group froma O th weight- 1 _position sequence out of
the stored sequences indicating the parity-check
matrix. [35] [36] O 2084 16 13 1548 1286 1460 3 196
4297 248 1 3369 345 1 4620 2622 [37] , , 622. [38] The
LDPC encoder updates particular parity bits px in
[3¥ccor dange uat pbona(i3) p, Usiflgahe read

1613 —

|nforrrat|ona§ e fiTe or ma bit i0. Herein,
X is &sipalfies G {Re] 2 8ps ﬁ“’Eﬁ'ﬁﬁaﬂp@ﬁ%?’ can al so be

eXPr ePoecF Bie @loanngF—mezp,r@$ea&4s, =bp2rga$}6, addi ti on. [ 41]

Step 3 L@I,D, 9 ergynes a val ue of
Equat i 6359 b ®fqr %Ffl nse‘gét gmonf of mat’i on bits im

(wher 22~ sz z«359) after /0. [42] (4) [43] In
Equation (4),.ri s a value of . It should be noted
t hat EQUatro(r’i)(4) is simlar to Equation (2). [44]
[4Qext , Inttiywatlodi®d, encoder perforns an operation similar
to Eg,uatp @3, (3) using the values found in Equation
(4). ? Egr vvorg the LDPC encoder updates parity
bits ?aﬂrasf’ exefssel@npl e, for mel , i.e. for , the
LDPCpencpdy, updates parity bits ) as defined in
Equatr on (5) (5)

D

represents binary addition.
[411 Step 3: The LDPC encoder first determines a value of Equation (4) for the next 359
information bits i,, (Where m=1, 2, ..., 359) after i,.
[42]
{x+(mmod M,)x g}mod(N, - K;), M, =360, m=12,..,359

[43] In Equation (4), xis a value of
R® fork=12,....13.

. It should be noted that Equation (4) is similar to Equation (2).
[44] Next, the LDPC encoder performs an operation similar to Equation (3) using the
values found in Equation (4). In other words, the LDPC encoder updates parity bits

P {x+(m mad M, )xg }mad(, - X, )
for i,. For example, for m=1, i.e. for {;, the LDPC encoder updates parity bits
Poxrgimodti,-x)

as defined in Equation (5).
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[46] It is to be noted that g=\5 in Equation (5). The
LDPC encoder perfornms the above process for m\, 2,
W0.2009/18889 in the sane manner as shown above. PETKR30@®00928
4: As in Step 2, the LDPC encoder reads information of
the | sl weight- 1position sgquence for a 361st
information bit f360 and updates particular parity
bits px, where x is . The LDPC encoder updates ~
361,362,... .,719 by simlarly applying Equation (4)
to the next 359 information bits i' 36 , 362, ...,
437719 gft 48] step 5: Jhe LDPC encoder repeats Steps
2, 3,‘B'én2;”4éf"o_r é’f’?gé’i‘“’&%@ Bee T frg 360 information
bi t s. Ppa5Ps6p Bon FiFen EDRCrgneara®L,i nal |y det erni nes

pari t g,betps, @4,n ual iR = hp50k:(6) [51] The
b o P quﬁal'zo '(gﬁ‘)“arémbgr{‘fty bits that

parity bits pnof U .
have %’Effrpltpé’f‘%’y 5?1‘&&%’@?1@’% heoBiing. [52] As
descrPed PabfRe, DVB-S2 carries out encoding through
the process of Steps 1to 6. Disclosure of Invention
Technical--Prébl em [53] In order to apply the LDPC code
[46]0 t hE isctobeiadtedbamzsis ndEquation $3)STIRMDAC wicddePferfonficthe above
MR e B e s L B
“llor oRER laﬁtcaga‘ﬁ?wt‘g EesofRT A RSTiSof 6l gkl pegition
Hybr $eduencg omat i ¢ Ret ransmi ssi on reQuest (HARQ and
Adaptikve Modul ati on and Codi ng(AMC), but also in a
conmiis et &n-5)st em supporting vari ous broadcast
services, LDPC codes having various codeword |engths
are niegaol tieformagpobit e and endatesiparéculappasity bitsgomdierty it o
the systemrequirenments. [54] However, as descri bed
abovézot he LDPC code used in the DVB-S2 system has

onl y . The LDPC encoder updates

Pixs(mmodss, yeghmoagn,-k,y» M =361,362,....,719
by similarly applying Equation (4) to the next 359 information bits isg, i1z, «.vs 739
after ;.
[48] Step 5: The LDPC encoder repeats Steps 2, 3, and 4 for all groups each having 360
information bits.
[49] Step 6: The LDPC encoder finally determines parity bits using Equation (6).
[50]
Pi=p,®p.,, i=12,.,N,~K, ~1

[51] The parity bits p; of Equation (6) are parity bits that have completely undergone
LDPC encoding.

[52] As described above, DVB-S2 carries out encoding through the process of Steps 1 to
6.
Disclosure of Invention

Technical Problem

[53] In order to apply the LDPC code to the actual communication system, the LDPC
code should be designed to be suitable for the data rate required in the communication
system. Particularly, not only in an adaptive communication system employing Hybrid
Automatic Retransmission reQuest (HARQ) and Adaptive Modulation and Coding
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two types of codeword lengths due to its |[imted use,

and each type of the LDPC code needs an independent
woarmoty79sheck matri x. For these reasons, ther ePCEFKR2009/000928

long-feit need in the art for a nethod for supporting

various codeword | engths to gncrease extendibility and

flexibility of the system Particularly, in the DVB-S2

system transm ssion of data having several hundreds

to thousands of bits is needed for transm ssion of

signaling information. However, because only 16200 and

64800AXC R, taalsd inlalceminpricdtiomgtstes safpotting vENDs SdaddfGervices,

code LUPtRIoBesibGvidg Sdriotd coBewti?@RnfiRY arS RS tb sifpor Mrics! Sata rates

codeword..l enat hs. Yet .. since storing independent
?ri?8?%H%%R%ﬁﬁvf?§5¥m¥%wm¥e spective codeword |engths

[t t hdlomes asdarsribedpbevecthe EDRE sedeyiseskin theiDOR-92 systsarhas only
i s atwetydesfof codzwentenyehs dagralirs Hmiréd @ fand ba2h tyipy of the LDPC code
3PP B o 85 e R e G st
par i t"ﬁ/&gJ ﬁ'g g‘ﬁ a Héf}\pp Eo.r SHRPOTIE X%fioussﬁqﬁ‘[’?r 8 ?F“F@g]" inglease fEct
of afendibBidanddlexibdity ofitee system.diatticilarts int tho PViBsS2 ystem,
3ddr @assnidsion ©A8dia ﬁmga@@mmafehp?%ut%teﬁém is%@r?i’e@ for

i sa . 1 0. i eas n
desor it %’2?’5@?’%@@ RGeS B et Offy X BT EBH e
i nveAt3igNe fa langths pijoe BEBaﬁ%éﬁlf e, dligeedtlp A aeesd Er support of
net hoatics dodappaiatgths. Yenrsingenetmtindegendért panitp-chick @atrixBRGr re-
COEspal Ot i 9B 8 BRHBIH) LD, o
cons %e zir P gs_c%'ﬁ%-a arb&’pec]Lf eﬁ?ﬁ’ﬁﬁ#"ﬁ%ﬂ?ﬁ“‘}gﬁ atioys SAYAYOTd st from the
syst EHfugiisnigs pEitCchask matrix] Wigloulivoighing 2 Beypearity-checkamatrix.
enbodieeRfifcaPSoldtfondr €sent invention is to provide a
annel encodi ng/ decodi ng nmet hod and apparatus for

[Sgﬂ ar a%\“é‘é‘? eﬁtgoqé‘]& ?‘i“ﬁ%ﬂ‘m é?*%g‘? PIESSRED BT 0eadfiisss 2hlepsythe gpove-
st r ugreniacd problewoandl disadvames yrsttte provislt AjedsORCidvantazs
[ 57] déserieaceiotansdrdiah a@i&ﬁecg_ﬁﬂﬁ&ﬁreﬁﬁt iB\Fb%?icEH # & bvide a
i nvept i . for encading a channel. ip a .
co m’n%alng%F ?%ﬁﬂg{/dg%gm us fhﬁg g dﬁg%t&tﬁggeff‘ffa% ﬁ?’? a8jygp KDPC
( LDPegdecidPRseqde i adidifererrodereard lsasth neba thegening or puncturing

det edetermiined by conshiioeig Hogh-gradrintodulagidngn i esmmuMmEkivs §y8@in using
di vi dppa cbdre parity bits at predetermned intervals,

S S 2 B L RSB L B
pr edetceding/desading methoding appheatesrfon swnagtesingwpindabperformance con-
s c hestéering @ DAVBYB P EtAGuRAS b LbRREnikioP W& inWsinB ©.DPC codes.

[571 In accordance with one aspect of the present invention, 2 method for encoding a
channel in a communication system using a Low-Density Parity-Check (LDPC) code
is provided. The method includes determining a number of parity bits for puncturing;
dividing the parity bits at predetermined intervals, and determining a number of
puncturing parity bits, which are subjected to puncturing within the predetermined
intervals; determining a modulation scheme; determining positions of puncturing
parity bits corresponding to the determined number of the puncturing parity bits within
the predetermined intervals according to the modulation scheme; repeatedly
performing puncturing on puncturing parity bits corresponding to the determined
positions at the predetermined intervals; and transmitting remaining bits except for the
punctured bits according to the modulation scheme.
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parity bits corresponding to the determ ned nunber of
the puncturing parity bits within the predeterm ned
wonv@rvadss accordi ng to the nodul ati on schene; PCT/KR2009/000928
repeatedly perform ng puncturing on puncturing parity
bits corresponding to the deg,erm ned positions at the
predeterm ned intervals; and transmtting remaining
bits except for the punctured bits according to the
nodul ati on schene.[58] In accordance w th anot her
aspect of the present invention, an apparatus for
[58hc odimascerdarisa with ndther aspecd nfthepreshi iovensigns tee appagivg gorancoding

;ow(;l PeRshdl ¥n Ea{narmm&mpdzst&h DP@ a GOl ®ehshy H)szldi'\@éic LDB8) code
cor oprotfad” e itarl UL Kbt g PG Bl Ghtprpifine
di vi BPHRr sza"ﬁ/d?lﬁs fer panngmat dl\ﬂfhésj@p Sty histet predeterydtied intervals,
det edererminigg @numbebefipundturiig Parityl bits) WhiRh hielsubjbdtddo piivtheing
ar e Stk Qi heleRniRb NGl Hals %ﬁ%ﬁ)ﬂ% ol rﬁolaﬁ a@&nesgﬁe'ﬁ%r H@t&%ﬂnng

interval s etermnin on sc

det ePRFIPOHY! BYBE P'ilffgdm!%&ﬂts FRGRRODdinstg %Faﬁlerwmst? pugnber of the
COr r PYstnidg H@’l'f! bitstWithinckb¢ predetenmibedintdpels 2ofordihgto the modulation

PUNCEdhEhE) Qn@@béaftddlﬂeh‘ém’ﬂhg ﬁiﬂn&uxtl&eonﬂiuﬁaﬁiir%r PR correspondmg

inte

rep e‘ottfei‘éd ete%?n%{l gosqgms &rslffr%etdelremﬁm% i E’ﬁ'ﬁ’cﬁ“gﬁnﬁ@"}ﬂ% fory

bi ts transpit Raining tti)e’iC% fog &te@ﬂmﬂﬁefbl igastordiegie thermadylation
predstheneri ned intervals; and a transmtter for

[50Y ans i dcbdrBghcé Qﬁﬁhﬁﬂz&&n&h& isp%&%? e p‘}éaém §REndH NChath &tor

bi t Sq ation sch

accor %a n 0%9 Cha?’ﬁetl it cioﬁ‘ér unﬁ%%’l" YL REA %be’fslﬂé l’?ﬂ% Lhopk

i nvef¥sA code inprevider. Ty mefheddanlydgs éPf@qfiiahh@ a gignabtransmitted from
comutraGaitiearesiminiagwhethd there aeOMiy Pancirty pariey bits)in fbakk

( LDP@)d\ﬁ&Q@Sléﬁ] Hét%lxﬁ % II?OSIT Ql?s di‘%%ﬁﬁ'uﬁl@& gag?}?g‘lts bx]eft matmg in-

denogdul at | ng a Wg rom

det etfPHORG M8 PYE DG, 8?"8“’31‘*15" S8P JFUPHOEHred @aniy Pty ?nd

bi t sddcadingiéataiesingsbifoaitions of thg paricruretiaeityriite Thg infosiatibrodtsut
of t the piieaginy bﬁ@nﬂﬂélhde}s’ a Blhﬂcﬁmhé/ ARStn JIB?A‘ideH 9¥ Edhsidering a

o T Al Al B AR 55 g data using the

tur e pari
(6 03| t IAqeordimes ﬁéh Birhe oty agpagtiof the presant inYension, an apparatus for

i nf odevedinoaclabeln atdb&mfnluiﬂﬂtoﬂ kystgh Raigladlow-Desitp e By-Bheck
pun C{L P BodRad ﬁr%t@edoﬁ dﬂgcllgcggﬁ il 5du&%r ?t%r demoTu(l)aGTg a

nDdu on SC &Fe ete

In a %‘8 TR ERTPR af*‘i‘j‘Pi“H'é‘i’ asmaftﬁférrg pagﬁ@e%mrortfmlewmmng
pr eswhather fhgeerard appi pustired sty ditsi 51 thodentbeuladil signad, aoh dnerslining
in apo@mmﬂfltlfeqﬁhaﬁ}ediyzﬁ s B$ bsﬁﬂlaﬁ ﬁ%n@@tfb?n'abyutapuncturmg

Par i 6agegmg}§ tthLCEE i ?Ban%y BLS d?:corﬁl or GRB&Ng AL using the

I ncl a _deno
positions of the punctured parity bits. The mformanon about the puncturing pattern

includes a puncturing pattern obtained by considering a modulation scheme determined
by the transmitter.

[61] Other aspects, advantages, and salient features of the invention will become apparent
to those skilled in the art from the following detailed description, which, taken in con-
Junction with the annexed drawings, discloses embodiments of the invention.
Advantageous Effects

[62] The embodiments of the present invention can generate a separate LDPC code with a
different codeword length by optimizing encoding/decoding performance using in-

SUBSTITUTE SHEET (RULE 26)



signal transmtted froma transmtter; a puncturing

pattern estinmator for determ ning whether there are
wanyoypomsb ur ed parity bits in the denodul at ed BCHMR2009/000928

and determ ning positions of the punctured parity bits

by estimating information aqgut a puncturing pattern

when there are punctured parity bits; and a decoder

for decoding data using the positions of the punctured

parity bits. The information about the puncturing

pattern includes a puncturing pattern obtained by

consfawationgn a giveu pariy-tleck mathie irethelatnenmicadioh $yyteinhieat uses high-

t r angfakd h@fulatibbl 1Ppaelod@spect s, advantages, and
sal i ofer{ he .invention will beconme apparent
to tﬁg‘fsegfl%%%ﬂbggnioﬁlirﬁ B2 fromthe foll ow ng
[63et ai Mberbaesandiopiet aspectswiehtotes artdakdenmtages afcertdineemplary em-
¥mht hp&dﬁﬁexﬁmt roTeneqRkseHt Ve mEBH wimté?s,?b@taspmgmg lﬁmmo%vi@ de-
e . ant age ect s . The .
oSS il in CHERIIAIERIR: Jetoofatodnd delbinghaovhiche
(64le par 5l 1 iliyseatessaexamplaoi paripyfcbeckmatisoef@iensth-$ BRBE hodsy
[68pt | nFIG. Adilsinaedc Tghd eephiong paytRickBReR Jf S 1digh-8 LDPC code;

(660 OF FRY. b OfusPhlesth 10V HRD LPREIchae; Check matrix in the

6 ommﬁgségtbygn ssystem t]szft uses_ hi ghorder nodul ati on .
nd LBPC CBHEUes B erampigpiadaiity chesk ot a RS2 LHBL cyire

[68lbov e (@ plFIGt hidlusteatss @ sigaal constlative SoradRSKadoduhitiog eed if a digital
cer t eniimficatigh seitymem bodi nents of the present

yNV.eng i I arent f.r fol | owi ng, .de

(60T ol B RS s B OB Bk B e
dr awr'Bis COPRUNGRHIeMSYSE®4] FIG 1 illustrates an exanple

[76¢f a (shof HIG- Tillesiatesatigha cafsteRation P teh-BAM RRGuEEsIAised 18.3]
FI' G gigitdl Ldhtdi@ti6Ssy&edidnner graph for a parity-check

(7 triﬁGoE.able%%t h-'8 LfDPc cade; 2{66] FIG. 3 )

1 1 ustFaP 88 Blockiseam of aansee ¥ in ¢ gppmysjcetionysystem using an LDPC
i || Sd:at es an exanpl e of a parity-check matrix of a

[72VB- SAG.- DRGisieadan exddiple wikte @hdok fanciiridg ik Mt @{oqBe BDPC code
si gngiprgonstel lation for QPSK nodul ation ‘used in a

ﬂi git@ gé uni catjon system [69] (b) of FIG 5

[73}) [ usk1Faf dWstrptesiapethar exastnls wherendngrndpmpunguriENs applied to the
nmodulRG ende o8BI 4 a di gi tal conmmuni cati on system [ 70]

[741C) OF1GHY fBustrutds lahdifdr b @infpRe oaF: il i

L%4- %&Tpo%glo%bog_ usgd i'n ‘ghege: 'g’:ﬂtq %ﬂd&ggﬁmhrﬁé}l{h%g% iﬂ%}}l&p&) the

stem "

SY .
(751 FIG. 10 illustrates another example of a parity-check matrix of a DVB-52 LDPC

code;

[76] FIG. 11 illustrates an example of a puncturing pattern determined by considering
BPSK or QPSK transmission in the LDPC code of FIG. 10;

[77] FIG. 12 illustrates an example of a puncturing pattern determined by considering
16-QAM transmission in the LDPC code of FIG. 10;

[78] FIG. 13 illustrates an example of a puncturing pattern determined by constdering

64-QAM transmission in the LDPC code of FIG. 10;

[79] FIG. 14 is a flowchart illustrating a method for generating an LDPC code with a
different codeword length from a parity-check matrix of a stored LDPC code according
to an embodiment of the present invention;

[80] FIG. 15 is a flowchart illustrating an LDPC decoding method in a reception
apparatus according to an embodiment of the present invention;
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[7 1] FIG 6 is a block diagramof a transceiver in a
comruni cati on systemusing an LDPC code; [72] FIG 7

woORkbassibramb es an exanpl e where random punct ur i NGCTAR2009/000928
applied to the LDPC code of FIG 4; [73] FIG 8
iI'lustrates another exanple yhere non-random
puncturing is applied to the LDPC code of FIG 4; [74]
FIG 9 illustrates another exanple where non-random
puncturing i s applied to the LDPC code of FIG 4;
[75] FIG 10 illustrates another exanple of a

[Bplar i t Y1 HE dda tieckdiagragfof a tBNVBNSRN bf@twoding a pWGuréd/Bortened
11 i LbuelebddiLsordiny ©%A BRRb&IIMREnt 8f BYREiHl ih BB LAE N

[Sﬁi]et er gcnqd 1%1&:9'&%&?% df Qgecgg})@f ag%%é F F?ﬁﬁtmr&ﬂh&@enk&q

ustrates an
ex an‘tBEEiﬁg CCIRiRg 9P ﬁ@b?ﬂj nt phhREEPHPHREHOhY

[82lonsi dbropghyutithe d@awings; the stmsdawing raferédve niubi?@s wiltie wferstood to
FI G relddito the %e"—eleﬁen%%?étﬁrkéﬁhg@%cﬁﬁiﬁﬂsIe)é::TFLS g‘; %D\ M
nc ren n eterm ne Yy
??an@ﬁ?‘!“sﬁ’éﬂg ﬁ“Y%‘q_%Pc code of FIG 10; [79] FIG 14
[8#4ls a Thofelbwing déstdipiiot with refigrere nethtadohpinyipe dewaigs Rpréided
L DPCioGél n\/\ﬁ é&ﬂap?eh%sfvfc%ﬁ&‘e%an‘aﬂg %Y\aliﬁd%glngég [l thfgr r I?og as defined
arl
B cRUE FRERab et RalisJh e ot Apeefis et nassi ta
i s aufdersippding but thepa pse tode rgggrdedhas| rbpely d’@m’dﬁmg\cmﬂmw those of
a I ecdfiiatyQRillapha aa wilbredspaRt tal arib® cﬁlﬁxg@ﬂhﬂdﬁd&ﬁf&n&fs of the
the B dRnld) h%,l irl Gt be hd witidud dptifg 6K o2 2HE 3R spiri

of a ansm ssi on
punc?® L}{;"e'ﬂf Qg tI‘é‘i‘f’é‘H'OE’[ﬁg’@“@B‘d’é OEYY bk?ﬂ“wjumcaownd constructions
enmbode maitted édr clatity apd eseistnessnvent i on; and [82] FIG 17

[8515 @ {PhOEKnshh@FbATLRE ifthE RAERIN Q&cﬁﬁmfaﬁé Yindd Ste MOt Bnited to
pun célfu[)%ﬂ?gsr rt ned. LDPC code acco

P ottt REPEPIA ARG bit, 5F Mowhiesthty Doy enitoayhlsaclear and
t he ennaiERiggdersianding gfitke invention. g‘\qcerﬁmgbm shonldrierappageniol those

be uskilesdsi Mo ekt tha thefolbwing® désbigpta dEerfRIRMs D1 the PRksk BiFention
and § RGiald for lllumgn rﬁlfv}\#os% Qrﬁ% %uuivn%Wm' 8{] 8[.1 4le o-Flil%utmg the

foll descr i
accol 3\‘1‘8 ﬁ? B ﬁlafsapp@ cgzvma angl their equlvalents

[86] Itisto be understood that the singular forms "a,” “an,” and "the" include plural

referents unless the context clearly dictates otherwise, Thus, for example, reference to
"a component surface” includes reference to one or more of such surfaces.

[87] Reliability difference in high-order modulation will first be described before a de-
scription of the present invention. Attention should be paid in designing an LDPC code
because reliabilities of bits constituting high-order modulation symbols are different
when high-order modulation is used in the communication system requiring LDPC
codes with various codeword lengths, unlike in the communication system employing
only Binary Phase Shift Keying (BPSK) or Quadrature Phase Shift Keying (QPSK).

[88] In order to explain the reliability difference in high-order modulation, a description
of signal constellations for Quadrature Amplitude Modulation (QAM) which is high-
order modulation commonly used in communication systems will be provided. A
QAM-modulated symbol consists of a real part and an imaginary part, and various
modulation symbols may be generated by differentiating magnitudes and signs of their
real parts and imaginary parts. QAM will be described together with QPSK modulation
to consider the details of QAM characteristics.
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to assist in a conprehensive understandi ng of

enbodi nents of the invention as defined by the clains
wanotlorisy equi val ents. It includes various speciTfiiR2009/000928

details to assist in that understandi ng but these are

to be regarded as nerely exenplary. Accordingly, those

of ordinary skill in the art“will recognize that

vari ous changes and nodifications of the

enbodi nent s-descri bed herein can be made w t hout

departing fromthe scope and spirit of the invention.
[89In ad)of UG, 5 dbskatésptsigoal somstellwidnl forkgeoaul GRYKChbdnNsioand

I9?lg g]st Ruﬁﬁin@m@(aﬁbmefﬁ b &:@anés gl 6fta¥ea@]fkgt SRR, I80ERRs a
descf -Frgf aﬁméﬁ ﬁ?mmﬁ%aq & %S’Wb?fj t% ﬁ‘?r]tp g pkuswﬁggr ¥o=0, and minus

bi bl CHEF Hg7hi 2169, 25iga af theyinagivary, par iseolyee oy yis@.@dd mjnus frdpfor y,
I nvent.dinct 9, mdIhire equalih eRér cetBreE @ PEOHAbIBLas they are sign indication

und S tﬁéﬂ%tﬁ@te%s Jﬁ@e élé;h\é%ﬂhg Py pa’t%haﬁg {hq 'ng?%x)@ry #wér%?%] 1tges of

be apparent to se S
fol | 3"‘& é%‘&%s? 108 P QpF "@F}%tbq“mﬂﬂf-léfeoqquw(émp?@k it QPSK
i nv envdtdﬂloarlfrpr pi,evd Yl g dhefseconil bubsgipt artiexoqningigatpopeupals pf bits

and peHstithig 4 HGIuRMbPG of limting the i nventi on as

f i oy nd th
f‘?ei "l oPtic, 3RS Reln SoRtaiudt 16 frﬁsn%?lr%gﬁ
D2y, " Refgrring k) of TGS, theaeaniag pf Giw %l v5 ,@pecﬁpsnclmgl tebxss of one
t h e cotigioh sigh#1 4k hy/follivit Bit©yg afd ﬂ&l&tﬁhﬁﬁc a éﬁguuam afrgnitude of the

exa nﬁk\lepartrl%gp%&ﬁ'@ﬁewﬁlﬁ bltg y,ca?nﬂg m§ # s1g§ G xg NGRS the

reference to one
Rel i YHAB{RE\PaL; fFSrPé‘f"é(ﬁ‘& n PW%WHS éStr"d‘éﬁ" ﬁ*ﬁ%@rn&tsigehof\xkq rpal part
f i r stndjmagleay pirbefdheeddohatomsighel, swhilé ptand y, deferhihemagnitudes of

pr e_Sﬁlei'eai PivERl § maﬁgfaﬁ BF ine H‘lo&hﬁ’ﬁﬂn% ﬁ Pahtle dftin lshmg asign
desi uﬁ%dl'mgn Iseas ert e 1rhe Lol t(%eg mféll t d
cons N %"l 818 sr%?ﬂg‘f fhg modulate

diff %'Bfé‘hth n a‘ﬁ h@hercshaaem angoyol i estor esuirenceprobiabillity Jiherefore, in
co mmmmommamctmue @epbhbiling (leDRGatinitefof\MetHits V;@:Ey, Sy,

Codei i, LR A5y, HikonRurd a i GRS SALLORIRY BLSBr
I P
ua ﬁgélgﬁ’(?g'gﬁ%’g 1’%@’ ?’{%ﬁeﬂdel(@gfg ! [SZg]%l In or der to
98 pI alonl 6t QMrreddulativon, mmgnarthe 4 bitsenostititing b sigitel Crtdie Hetermine signs
nodubfahd 1@4l pa astBfRgihRY | an]onlﬁe skdndNak tlﬁqaﬁztlﬁlné Bitd AShebPlo

%J aﬂ% tenl G nﬁgp ud%s%q the toh tnld%ggélg%{'\%rtvvg H}ﬁﬂﬁ“g' a}"l?ua,rf)rders of

syst @nge Wi Py a%ﬁﬁ?iﬂd\#@é&lt a semnrrﬁﬁlamg&t ed synbol
[S4onsi & of B36. Billngales psigial ashsteRatioh far Genvadl Y440RM modilgtion.

[953ar ' ogﬁ(y[@g? 95400, %Hps rﬁilr%qg tl'rg%mg@frb‘ﬁ% ﬂattoﬁlg?ttr:%rsiég?l, bits Yo, y2

fe I&e n % ns o .
part and 3y u? ﬁrgxlg&nﬂgmdgl si g | Pt aphy csja by determine a
t og angapudg apﬁ a Qg:sqarf thepighaiaary part. Here, yo and y; determine signs of the real
part and the imaginary part, respectively, and a combination of y,and y,and a com-
bination of y; and y; determine magnitudes of the real part and the imaginary part, re-
spectively. Because distingnishing signs of a modulated signal are easier than distin-
guishing magnitudes of the modulated signal, reliabilities of y, and y, are higher than
reliabilities of y, y3, ys,and ys. The bits y, and ys are determined depending on whether
a magnitude of the modulated symbol is greater or less than 4, and the bits y, and ysare
determined according to whether the magnitude of the modulated symbol is closer to 4
or 0 with 2 centered there between, or closer to 4 or 8 with 6 centered there between.

Thus, a range in which the magnitude is determined by y, and ysis 4, while a range for

SUBSTITUTE SHEET (RULE 26)



to consider the details of QAM characteristics.[89]

(a) of FIG 5 illustrates a signal constellation for
wgeonmriatosiPSK nodul ati on. [90] Referring to (apCofkKRz0dS8/000928

5, yO determines a sign of a real part whiley

determ nes a sign of an imaﬂ'gnary part. That is, a

sign of the real part is pl (+) for yo=0O, and m nus

(-) for yo=l . Also, a sign of the imaginary part is

plus (+) fory i=0, and mnus (-) for yi =1. Since y0

and y ! are equal in error occurrence probability as

t heyyeandysik s ardfulatziandyslaiet lighehthan yaadd vsan elisgkipdet | ve

Si gngonlusibh & LyeRY,=P3Nvi=12 Rdetdd @f hdTBGion BEMrrBiRE probabilities (i.e. re-

reI| f.(y o yi) bits corresponding to one
ﬁgblht{eig#o‘%ﬁw% 3 are equal ly inportant, in SK

f9ﬁb dul &t %QAMJBWUI?@% @E@‘ﬁé U ERuEHRLNE isteaalx2 bitsdetermaiag wans of
q outhpudabpanf anbiithagiraeysattiof the siggal sand@dits aly need 6 @hathine

[91] u C
for mé%ﬁétr gés of lhgr%aj go Anﬂfigi ;?gggg% Palrx?%&tgdﬁl[gg'a%xjdgg of (yo,
of Fl B Y ¥y AR eas‘r it SE Sy 96 R L M fanabFon-
one Helttipmof 256- AN enhigher.ghezroles oid reliabilitiss ofdity Conawirutinga
det epdgingion sfghﬂ Rredfifrént BRBRIbbEA00E, AL Rhilb®Ascriplbh thereof will
respgg&tlyt while bits y and y3 determ ne a sign and
a magni € of the jmaginary part, respectively. In
192k her Thaseiazs; thy presertinyenfionyprpwidasiamectiad gnd apprragus £r seppprting
par t LBRd codengiith aarjoupeddewat ldnpibs sadebll &dr hiph-oddeg Ridbulation, using

Wh' | § éﬁ% Bk Mﬁ&'ﬁtoﬁﬁ mu'a J@éé&ﬁéﬁx d arrfclﬂ%]- {o&g In Qcﬁ‘ﬁ&en, the

| na he ul at1 on “si

't PR B Browicsan gpbasth g SPERCBtT e aRta Fodes oK)

t hanaggprdingsehighk-hidagmedutatiomintagdmmunhicative systaubisingea LDPC code
si gniila paiticaladfoys, add & mBihghRF cén'ﬁﬁmmg the@ifle. Yn i)ardldﬁlae ltheQJresent

OCCUMLLEINGE (fﬁpsaabrh!:thgdyfor %H%Et?ngt%m iDP'Fqcode using a pfanty-check matrix

non-errqQr occurrence
rel i 9§yt qofe. l“l?ege’éﬁr yied LDHfreade peing Jgpsthan the given LDPC
constadesnd agappa@dbiherdll ati on signal, unlike those of

98 QPSKAT8Gi RbdkUh |
L ?Jel | al%| [ oe e i fﬂngm hvangéé%l@r rlrlggg&grﬁm?@%atxon %tcm us%%an LDPC

bi t s nstltutlnga5|gna['2b|ts det erm ne signs of
[?he rBﬁfP“B&FQ FIgin6} ai masgpgnaisynpubioran $DPCreaceientid|in atehsniver
r emaé 10 bathrdbding tRRtnyiteRod rdceivele3e THe MPMEB&MQ %néb(ies the

the fnﬁlﬂln?egﬁgé u,%ﬂﬁjol}tgﬁﬂlibga{c}(%aﬁqg%al tos g\ﬁlltgrnéllf\ The mosclhlator

orde

ch ané;é mady E’}es heyenepded-signal a; anq tF"“&%‘f"l‘Sa‘%““e%‘O@ﬂ%ﬁ’dgq*ﬁ‘la] s to the

con slteedl‘i'eaﬁibwef owirgjess ehanhel 620. @Amudalatonéd 1Gm the f&2Eilver@B0 de-
Or I empdaksiR: fediveh @ié@dl 2 San@f)utﬂﬂ@thl?@%dﬂia&e@@lgﬁéi gcré@im LDP%

' kés?%g er 5 LA SRS B DBttt e

of the message based on the data received through the wireless channel 620 by
decoding the demodulated signal x.
[100] The LDPC encoder 611 generates a parity-check matrix according to a codeword
length required by a communication system, using a preset scheme. Particularly, in ac-
cordance with an embodiment of the present invention, the LDPC encoder 611 may

support various codeword lengths using the LDPC code without the separate need for
additional stored information.

[101] In accordance with an embodiment of the present invention, a method of acquiring
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magni tude and a sign of the imaginary part. Here, yO

and yi determ ne signs of the real part and the
wOmeimasy part, respectively, and a conbi nati @aTm®R2009/000928

y2and y4and a com bination of y3 and y5 determ ne

magni tudes of the real part Qnd the imaginary part, re

spectively. Because disti ngdl shing signs of a

nodul at ed signal are easier than distin guishing

magni t udes of the nodul ated signal, reliabilities of

y0O and y , are higher than reliabilities of he bits y2

and y®iony @deieard lengthefiond e gbrd LDEC oodewkestshertenimg wagymititige The

of t hen rResth@ieds syahatin mlca{eﬁah@ehomad @eSndt BARmA 2 spiRtied

the Préérlo?f ¥ ﬂg@&q?é/ w%gdeaftcg%e]%rg]%r ]';;lgf(? odewgll‘dt % V\gqe%eqer

or opw“t“iﬁr pargsplicgk Batox hy p@f%@twﬁ?fc ypoding Hewcer ageapivgr de-

8 W tehmiGesalean themedtrhisenitedlbits wereeraselhus, a range in

mml chpmeoeaa%a&&mng%f&h ﬁ}{cmnggdd yc%e&rkfémm@heﬂmés
BE‘H @‘ﬂ “SF'H %,,,ﬁg% bg dpscribediip mgre detay) bélpf
II%ncl Hegarding theparigschefk matrix ef tho DPVBeSALDR( cele illustrated in FIG. 3,
|Ior ogamal ehd®Sis(V,,- Iﬁeollixﬁns' ih ta.ﬁ 'léatéih% satﬁb ofQhe gatﬁ@t &?Eﬁnatﬁ)@ 6]
n e Its constituting a
S|gnérg§¥L€E&s %%§?2¥ne signs of the real part and
i magi ary ﬁart of the signal, and 4 bits only need to
det er hi tudes of the real part and I magi nary

part o%nd%&ﬁﬁﬁ%lg%lremﬁﬁgfe% C,%Lgéte\énes"ﬁérfjde{ Yen@ih- - i)ﬁuﬂy Bits

role eac I't are su

si gnalp,ama-gtethht i on of 256- QAM or h| gher, the rol es

and reliabilities of bits constituting a nodul ation

signal are different as descri bed above. A detail ed
[1@fds cr Gpreraly, thdymewnfing\dahbe bygpliedriotboththe infofhatibh@itedrarie, parity

the Blfseﬁﬂm.lgﬂ Yy mctuang Q:{dQKé &%ﬁe,@ngr&mql &Lc@pogémh WRigths,

| engU BREh A B e, e iboh BHE b r ooyt gt gatues o
par i pajicelaebits. Tl nunscurdfg ina methad fon simglyIOP@nswiteng partigular in-

par t foedtiah bftﬁr@hrhbﬁlar%ﬁﬂé &fl peieratéd YRriB 196 S0 tihd: B MBAYdr O4h erase
5] G I, B T Rl
conmERiiHet ' 8 8° é?ﬁgﬁ's’glﬂtf éhcoéamdébwnptﬁn%g C‘m obtain the same
par t éftcal 2a thaf Qrtaipeddoy cragsmigihg) @ tin £tb (N e LDBLC| codegvotd) Because

S aMegoluniths Réfdspénding ko tht Bids ﬂ%&ﬁx@&‘h thé"f/a‘?fﬂt Pk REAY LAGH ud
par i PR aetBAEE Boche ol o 5l e iythncious i disine from
geneﬁh%\fbéﬁefL‘E&DC code being I ess than the given LDPC

[1@5pde, Futhel, Basawdp positith hifoitnth@6e0F the punctured bits can be shared or
estimated in common by the transmitter and the receiver when the system is set up, the
receiver may merely erase the corresponding punctured bits, before decoding.

[106] In the puncturing technique, because a length of a codeword that the transmitter
actually transmits is N,-N, and a length of an information word is constantly K, the
code rate becomes K/(N;-N,), which is always greater than the first given code rate K,/
N..

[107] A description will now be made of a shortening technique and a puncturing
technique suitable for the DVB-S2 LDPC code. The DVB-S2 LDPC code, as described
above, is an LDPC code having a particular structure. Therefore, compared with the
normal LDPC code, the DVB-S2 LDPC code is able to undergo more efficient
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[98] FIG 6 is a block diagramof a transceiver in a
communi cati on system using an LDPC code. [99]

weebmrwigsg to EIG 6, a nessage " is input to aaTKBR2®9/000928
encoder 6 11 in a transmitter 610 before being
transmtted to a receiver 6§Q The LDPC encoder 6 11
encodes the i nput nessage u,  and outputs the encoded
signal ¢ to a nodul ator 613. The nodul ator 613
nodul ates the encoded signal ¢, and transmts the
nodul ated signal s to the receiver 630 over a wirel ess
chanyheitend@nd purgtpingiul at or 631 in the receiver 630 de

[I(FH} dul Wi SeftBe tCE6, ¥.ediefile\d@bcrl; tl(éxﬂﬂﬂld&liﬁdaé' bBchhdQeristics of a
ecao
C oget 3&2?%)@ &gé’#o véuéh&agﬁgéalﬁncnfm 1S pﬁ)Fed ﬁ:‘}s to bg n(gtgd'tg'g?or the
o P AL PRCA0ds oG, A NSTAINK 5 M3 6. anmpigit 1 gpeition

by dequaicesdortOh eoldmnuid thred @thnti gowpls avé.as folld®&)] The LDPC
[iepcodgl 26 11 generates a parity-check matrix according

rd I ength required by a conmunication
{:ggsteﬁ$FE£D a preset schene. Particularly, in ac

r datd@ 14y t h an enbodi nent of the present invention,
[1121e LBPR® waiged gbsnﬁﬁa]scciﬁ%ﬁceﬁhl RP@Cchiuda rsécﬁéiﬁlaﬁfaféﬁi@%nﬁi information
I engtgr](}g #&itﬂgﬁ&pﬁkp@ Qde, Wit he thout t e separate need
{/?ﬁ? | ona ore or na 101] I n accordance
& iysEtsan exagple w@rwmunpmvw pRphed t9 theskPR(EIcode
of amﬁm(ﬁm Bgaaamthnmguﬂe poctirddin FIRS abe snnjeaecguo\efa@urb DPC
C Od EprH&GngSH 2 BdcBir e %Uenfngfég %Mg b3 cor;ﬁni?edt\ﬁ he other non-crased

does o PYLATAR 1 Ao TR i at bREC deRtiter o
af t eBrogsas, &g teif reliabilities deor@se: Gorseqyently, the wthar bjts\dgectly connected
par ttoehe pahctitad pariyy KIREWINCH@E IdwXin R¥liaBiffyf AsdWufier kaP %decrease in
ﬁgﬁoﬂé E}fs s : mgnpgﬁ'eﬁ'lgﬁ%ffgcg fn tgg dé&gﬁ rr% A efjsesiztme decg:a%e in, Fhe per-
U EPETBFRATREPERCT: e etees e m’é“bﬁ'é? jedges direstly congesteddo
of tthebiByBn®@ged GRe Tooker grighlisdreaadsed in FIG 3 will b e
[ ldf?s c rlnb@@ 7 fbr %ﬁ)l&d §b’ainlfor1%§tll(9|%t c[)ﬁ’&%]gdﬁfgqgﬁ B Qffurch'® directly
] iR Pt ery By 3,3 ngeien o qqrsponding 0. 3
K\ ¢ FolsRds ;hrpc{ljh@np@ggg,tcm g]e paircturest patityebigsmed, and apt & diformation bit
Mat rdoxesposidigap ansl dolurhi ik Airdbhy toedibd 6 the p@%r@&bdﬂ%t thide
Lg?l tfn?éggihﬁhy&sé' B3 R Ind%® rt{fgrﬁﬁg&dblls%re supeglor m(the pertjormance
uu%rovement effect in order in the decoding process. In other words, when the degrees
of the variable nodes are equal to each other, the performance improvement effect
decreases as the number of the connected punctured bits increases.

[115] It can be appreciated from FIG. 7 that the numbers of punctured parity bits, which are
directly connected to respective information bits, are random due to the random
puncturing pattern. Therefore, there is a high probability that reliabilities of respective
information bits will also be random. In other words, while some information bits may
gain higher-than-needed decoding performance, other information bits may suffer sig-
nificant performance degradation. This random puncturing pattern may lead to con-
siderable irregularity of the reliabilities of the information bits in the decoding process.

[116] FIG. 8 illustrates a second example where non-random puncturing is applied to the
LDPC code of FIG. 4. More specifically, a relatively non-random puncturing pattern in
a particular form is applied in the example illustrated in FIG. 8.

[117] Referring to FIG. 8, even though the relatively non-random puncturing pattern is

g

SUBSTITUTE SHEET (RULE 26)



[104] Cenerally, the puncturing can be applied to both
the information bits and the parity bits. Although the
wouomierismg and t he shorteni ng commonly r educePCoakR2009)00928
| engt hs, the puncturing, unlike the shortening,
descri bed herein above, doesgnot limt values of
particular bits. The puncturing is a nethod for sinply
not transmtting particular in formation bits or
particul ar parts of generated parity bits, so that a
recei ver can erase the corresponding bits. In other
wor dappligd, theicaiegtionpto the infesnstiop biigmpy besignificaptlyriaestar ned
posi idcordihgitortha c@eamaing furctiigh Patteid. Thdo-ravad@\panidyririgpettern
punc
Db, S5 Ak nbalE o8 U lpobpnddlg gt of 10
codewor d. Because columms corresponding to the bits
[1Binct Ircask of thetld3PGradé with & pariti-clreek maixdndngd particyla structure
{ Et afke the DYBARAQSH o(}_g,d? Tt&“c%ﬁr%ﬁactid’ﬂs Pﬁw&éﬁﬁh@itﬂfdﬂﬂﬁ_ ﬁn%[tﬁ?ﬁghe
e Uring | istinc rom.t he shortenin
o PR bRk et Bthe iR PonRih 2t S icahy thgea.
[ inct Gheumbsidinents ghthp peseghinyationsugeest § PECEHNG pattedipbprovides
by t i1ebld deroding peiformanrichyt heximaAysupiéssing G itdgelatity OF G relfa-
set  Phi;est I; : : :
cor rglgueosr?g fhe uﬁﬁ&daﬁg ?le gllgtaés&h%éﬁ %?eé;? eco ?sr%l Cmfaﬁ%ajrac
In tkE tﬁﬁﬂ}c‘ggpwg @@E‘?oﬂﬁe, because a | ength of a
(148 dewBIG Jtiltnstratesrethird exawpletwthere nagrandbih punctuging ivi applied $o the
N1- NODBOdodk-of B{G}M.hln@ﬁe eﬁﬁ!mﬂtﬂg borTeRy,| a%xkc}‘t?}{d% paffern that\Mqu_lintains a
cons e rate bec [ r |
05 S E e 805 B o e FORTBR Ol - e b con
JSTi stitygnt variablesy s appligd dathe prritoehepk mptrix dlyswsed i HEC. df Agean be
shor teeminTgGt % elathiof] the irdorchadorphiRGd eqaalyGint egibadoght@ted to the
sui t alicRrda®ft. t he DVB-S2 LDPC code. The DVB-S2 LDPC

de, .as. descri bed above, is an L code havi ng
g TP E e, R hen S psp o g SHApAch Bl eaEebly
nor nighucepplicrctbel mteriahbetWi¢B IS Rn¢tDRCPa tylkits issebdzicerding to the
undev# oTgidge Rfthd stu@ive SNME DVB-SPLBPC codNPHlidhE bk adsd$3h

Wth IG 4, a detailed description will
ok Ie?eﬁr&{:éﬁg)réégtgri stics of a DVB-S2 LDPC code to

be made O b L (

“%ﬁi c hRfaeing {0 Bilescltand 2 apd Y16 dppeardieg cach cqlumn growns pesisioggiof '1's
t hat inftigr firsteeluBiBa G2 cérfaklionding eoladin EloGp determiriegosieiahs ofME in the
Vei ORbrmihing@Shufnh® TdS £ WERGE SvhbRN iOfolat&ih WL Ai.ﬂnﬁb’l s differ

‘ig' Ut SRR BNE o e b UK of b ey Where T isTodaten in- ﬁtgfll

column, in regard to modulo (N\-X;), where N, denotes a length of an LDPC codeword
and K] indicates a length of an information word. More specifically, indexes of rows

where | is located in two consecutive columns in a particular column group differ from
each other exactly by g, for modulo (V,-K)).

[123] Another characteristic of the DVB-S2 LDPC code lies in a submatrix corresponding
to the parity part in the parity-check matrix. Referring to FIG. 3, the parity part has a
structure of a lower triangular matrix in which 1 exists in all of diagonal parts, and in
this structure, an i parity bit corresponds to '1’ located in an * row,

[124] In light of the structural characteristic of the DVB-S2 LDPC code, assuming that
particular parity bits are punctured, if parity puncturing is repeated exactly at intervals
of g, the number of edges of information bits connected to the parity bits punctured in
a particular column group is most regular. For example, assuming that an # parity bit is
punctured for 0<i<q and an (i+kg)® parity bit is repeatedly punctured for 0<k<M,, if a
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[11 1] O 10 14 [112] An weight-1 position sequence in

an i colum sequentially represents information on the
woaeistiomwss of rows with 1 in an colum group. PCT&R2009/000928

FIG 7 illustrates an exanpl e where random puncturi ng

is applied to the LDPC code ,of FIG 4. Because the

parity bits punctured in FI(1;1 7 are subjected to

erasure processing at a decoder, the punctured parity

bi fcs, conpared with the other non-erased bits, are

not greater in a performance inprovenent effect in an

L DPCeegtaia defpimptipn bitis senneeferd totiei i parisy it Bilq ipdiages that '1' exists in an

decr #ase for @asiamf derfdsponding betho infi@matinttit, Thefefert, iean be un-

Conn&’&;t&gl fn:f? 1t Q@stﬁ“ %t(H-][c% ' thlum c§rre g&]dﬁ& t@grﬁin%o%tlon

in rel suff'er froma

per f?)‘ S‘Fl%ﬁ‘f S thg #hoxs mf‘%’imi‘tf?é éE’BEH the, columns in &
pro ce@snn Fbep eadisg il sidRybde?. Asanresmlndle infopnaioe hig ist

effe&hnémrt@@ggﬁcaﬁedm gpwiber of edges di rectly

nne nctured on.the Tan
080T eE e b SIT A aR Pk dEite 3 Se bl O Loyl PoRting to the
i nf ofhiER infermasion webstareequekialasd other in oot ¢pluet Zrawp, nd one or less of
di r etti &istﬁbﬁtﬂemtoﬁdrdiwo whérey-patiogic pafturing is dpplidd] the infdr@8tion bits

a 3r Ei; gyf 099 d(ﬁﬁr}m gr%[éﬂ ﬁé chﬂgétfgﬁoggan?e ﬂr%crcoq Hmrédsblts

dire unct ur parl

and EhraieF (D eaReTHPRS GRS (e BRCBETHA RS BIesTaaR i become
col uregulargsoghat eiabiligedgieemiling tcaibet axpecked iwtha déaodieg peass.t y

[136]t t A% B&cribelBS ar, liftah bé SHpfedfRd. tﬁahﬁ)r e Uirs-é)z DDP@B&he 8hdyg -

f
| epr s RS B hieponte e e AP G by making
| n o'lhh B?St s ofde stpcayal chasactpsigtics @ the D Vith$2 1AAPG edse Havesyersto
are dmp,l aith kegadac the opthipized pubudfiy fatériiabtained BHVoAN@RRE the g -

ef f e &ﬁ@ Sglﬁﬁﬁﬁ AR thd@shy Hp[%fl 1ﬁy steé?iﬁ% 395% glc(tzpék are known.

S I'ts eases.
I@Epr B afien to ths 4 piriedic puichising prisio s A ke pethad
par i epyintyictthe pevthingnceaceording tthé gode @ cbdesvotddength when

r es pgplying@hbrithRk BRpineRrild t'bfihe g’éﬁ&aleréj ll‘ﬁmk%rtﬂggause the

ran fhere i

or oE SR SESE R IRaE R Ao P BBl uwlng it ertor 1 bpi
i nf omﬁgqqnd)ﬁocgsstcgnsmeppg enls BPHE of QPG ipnly|one entisdzed shpripning/
whi | ganstoriez panéra comd exist fériatgtveABPPJIabde.

[1 fk’] g h eﬁmtvth/@p ﬂ{% %Fﬂﬁge&jﬁfﬁgtg @shgﬁénfx f gbtan%cﬂ?]’ien % ~order

i nf or I.on ant er

degr 'B@E‘ﬁﬁusﬁ is bgagh e Palﬁaeﬁ ﬁ?*ﬁiﬁH@toa/rbrtﬁf&Pwas {bé‘rI??PH’ﬁ% op @aalgnal
t o ceonstellatien) atteme hay tegu tietarmingd, ohaytdiféer fromi thdb il BRIKeer QHSK
t he ﬁ&fu{y‘nmﬁti on bits in the decoding process [ 1 16]

[1593] not M BES !Ku‘?Hng odﬁlcsﬁi?nc gt?c%us% X8k lhf" csw'? Bitscons ﬁ]utlrng a symr?)ol are

equal, re]gabllltles of codeword bits are also equal in the LDPC codeword after it

underwent shortening or puncturing, so there is no need to consider a modulation
scheme in the process of finding the shortening/puncturing pattern. However, as
described above, in high-order modulation such as 16-QAM, 64-QAM and 256-QAM,
because reliabilities of bits constituting a symbol are different, when the high-order
modulation scheme and the signal constellation/bit mapping scheme are determined,
reliabilities of codeword bits in the LDPC codeword afier application of shortening or
puncturing may be different from those before application of puncturing or shortening.

[130] FIG. 10 illustrates another example of a parity-check matrix of a DVB-S2 LDPC
code.
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LDPC code of FIG 4 . More specifically, a relatively
non-random puncturing pattern in a particular formis
wapploiietspn t he exanple illustrated in FIG 8. PCI/KR2P09/000928
Referring to FIG 8, even though the relatively
non-r andom punct uri ng patterg i sapplied, the
connections to the information bits may be
significantly irregular according to the correspondi ng
puncturing pattern. The non-random puncturing pattern
of FIG 8 may be nore irregular conpared with the
[13Hndof Pankd: M8 gKisdl. verh and ¢, and weight-1 pegiion saqusagse foy P2
t he tdiRansA@ e cblldukh @oupd bf AnyinfoliRtien Woid dreasfallow’g a
[ rtigyl @5 structure like the DVB-S2 LDPC code, the
%nnectls etween the information bits and the
r|t Bt s punctured according to the puncturing
[134t t eAn itwecightd @higon feijaeacd inyn ¢tralgmdequediB rephesents information

en‘ﬁgteh KB Pésiionf of BRs gﬁgt%ﬁmn h m&a{gﬁ gsrtegb suggest a
la
BT o Rt RONPAG dees Metihsb Bw cheipoaess 05 s ey
of t Beupispiandigidegres efsaelf cotlml dorréspendns; to fhelséconrd ¢alurarhgroup is
decosliGugeplly) 8€®%n LHPIGolld) &s fdrfokiBindé Mdprmeaeffbdt s eiddllest in a

of t % y%)lﬁgesév'\igp the cﬁ:gggs m&r}%‘g ]Thﬁi f#i c%nlnhlnﬁ%&f;&leﬁ%ha? I per-

thir Xa om punc urln
to t EmASpEiveRRfter 6‘?°°‘F’P@“Sc‘r‘°"?sﬁ°'tdl‘f$ t thg B é° eﬁm 910@ wgﬂd be
a pusnptrinricogpapat tb @ranoftthadecandicolimh geoup. const ant

[1?»(5]t er Wath r&treskceRE FIE SN, MP&&&J@QOW@.{{OXJbﬂlegﬁsaﬁe bf OfBnlimdhg
B e AR © i whET RPN b EhA 30 Rppte SRELBE

can frde b g Pty check noitrixeg{ FHG.3P. hlféG i 1Af orand)i lmhcam qach BRSK
equakymboh belintlicate Byl BEBliRMAnd ¢he GPSKRYRABSILRGMDe, 9} 4nd y, are equal

[121} itk 'Qﬁﬁtl en the punctured bits and
Il%)ﬂ nrlﬂ\Sx netgyél sai‘]f;&é'?mr reduced when the
te

F“‘B%f ﬁ%efﬁmwtéafrﬁﬁa%dw iy $*cofunngip p submatrix
acc o¢<mestgm‘dlog tom avhitrane payity jt id penctuped; bre patitybittispuactofed four
t hfe {&-ap8 &Qﬁ@f Qife, infBintibSbifd %Bﬁ&ﬁoﬂ%%g (:ié%l?eg-SVMoﬁlnms are
r ef e i ng_to.Rul s
LR Sl e s A LI CPER L A
T s ¥0r¢°$rﬁ@3 Folpmas asnal gpnncsied th purchiredepapibrhis ng the drunengraph.
[138] oupGeteetatly nthébitsROsrictted RSmAiy pincBurédbifs Slfow £Padk Pérfvbmance im-
col uﬁ%&meh(@f@éﬁ§ iHef e#o?\q{? pmgsrs q-fc;lwévér iln(ﬁét ﬁdth Hegtr%% columns

exact

re mal
fronid ?ﬁ@%ﬂ%‘ff‘n&h FEUPhEABEEeos Hugciued B“% o tbﬁ@erﬁowwe
col uysy, nqt he signjficadtly decrepstd liotheeoding\drockes & siditan, stnog tids

of  afrhAdBfbitid @wQleSree-3 columns are not directly connected to the punctured
parity bits, significant performance degradation may not occur similarly in the

decoding process.

[139] It is assumed herein that the degree-5 columns are greater than the degree-3 columns
in terms of the performance improvement effect in the decoding process. However, this
assumption is valid only for BPSK or QPSK, and cannot always be applied for general
high-order modulation.

[140] For example, as illustrated in FIG. 12, 16-QAM modulation can be applied to the
LDPC code with the parity-check matrix of FIG. 10. In FIG. 12, y, and y; indicate
high-reliability bits that determine signs of a real part and an imaginary part in a
16-QAM symbol, respectively. That is, the reliability relationship between the bits is
defined as yo=y,>y2=ys.
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and K indicates a length of an information word. Mre
specifically, indexes of rows where | is |located in
woOwrwciomesecut i ve colums in a particul ar col unMRCTKR2pP09/000928
differ fromeach other exactly by q, for nodulo [123]
Anot her characteristic of thg DVB-S2 LDPC code lies in
a submatrix corresponding to the parity part in the
parity-check matrix. Referring to FIG 3, the parity
part has a structure of a lower triangular matrix in
which 1 exists in all of diagonal parts, and in this
(141} yc Rgfearingdn Fih 42, degreyd colamny ase parngd tor¥p and degree{3 selymagiare
I N ammabpadasyy,. Inlotkd} wbids, thgdeereess columnsire wapped @ a lower-reliability

char agh,ed ﬂh§&ég§ee@cu§§ Gppe B a1 PPﬁanﬁ\gg%n oﬁﬁé%@h&l%}is%&um

rei uI ar payit
183hct I Migetest s C@i&‘&%ﬁ’ﬁ e gesiers spyahvppd eveaster

numb @erfeymaged gesowﬁfmemﬂf&pmmedncddmg processIde reasbns arctah follows.

ﬁﬁ ; It Ty Lighit bﬁh@éﬂaﬁtzeéﬁﬁfés bﬂh@l@@éMmﬁéﬂuﬂlmg @inbme Gég?ééB dofumns
u

it e B hRer AR s oL o) ﬁrﬁ‘ el g i

re peaft"églﬂlv iHpR¥emANE i Mage vmt dpplyrin éﬁqomna Pioﬁ‘fS@}rQIﬁM ether

bi t ihand; tha degréeseSicoamiishhonghiiay ihhye dlow dedrdd, are infagipedad @Bver-

t hat rehllbxh t%}ni\ubﬁ] SE the! rel[FEﬂYt)I 1?’%&0@&&9\'( H@Et &:9&5 @éﬁ«? ?JQP" ng

the | | on
l‘é@r e ftCHéﬁd qve, %ﬁ?@?@e garpfeed thighshe hlt%coefssrpaﬁﬂng tothe higher-
corr ésgymlwrgls tlwapghave fupema pedormince imthe ERPEC sodeetparhidheligh-
by K ofdepibduliof RApSliedN or mat | on bit anong the col ums

[llzﬂgl a %ke% b%l?tg ailen c‘tl,%glhgllgn leme E ation g%t?raag)g{ltg%ftﬁgrrespﬁmg toa
pun cl4u plpmjna submtrix ccrr&smmﬁ@g Mﬁ@mm%@a@ punsineesh gee
degr perdty bft isyandnabd fountdesut & périod P Hire) fdrtatidhebit it Botteof
i nf OrdE@'Eé-S)EblMSQn@Ha%re%%urﬁng aﬁ%ﬁﬁwe@écﬂ%r uhdi JQJ]}%m%ptllH Hough

gr ou stribute
r ow, q\f@ﬁ%"'on l?ngar“!"iféﬁ? ‘punct ur| ng is applied, the
(143 or Amthe cwcmrms padisr applinskio FKg 1 .chomectoot bmrgcanum@mly to

conngetdegred-O columim BRcAUHAL perfrmitidd fhpdb R fhetiefSet of the degree—S

Th er %{algﬁzﬁs is L{éﬁ lnatcé’ﬁbﬁ@@&%?im%wﬁﬁ \x{e]:ver,q}lj &%tptlljlﬂchfnng pat?em il-
ot ab fystratedindlieddi thgpwwrwé’ltéﬁrﬁ@e@@@m distiiwedeepssieringthe

pr oc égerengellitBicch\elidnilivasicedpadirizas each tol@gro@p based on the
ggflr ggylﬂglﬁlﬁﬂ ﬁ%&{éﬁel I&QE ahdl ISQY%ISS,%SJ-QE& tﬂ:e?tggrﬁ(te—g RB1ufing are

per f S?Wﬁﬁg PB?/@W@W athj‘?afﬁ fsﬁ'a’ Q‘i‘ﬂ’ bﬁé‘gﬁy "E% go B’P“"tsffélﬁcam
st r ueerfarapnce Hw@@u@r Wléltham@noﬁlsq, HoufBe &2reeBRClugms are

Howe ¢éingctédro dad ghinctidet] Bit/ (B oftespbnd tb B Q%liamlﬁﬁﬁformauon from a
punc Hﬁél'\/&gsl daat Eoetﬁglgxggz}bﬁ}ti E%@Xha? i %‘ %c%)?ger}orrgar%e degradation

perio cturin
sett ™ L %Rr or QPSK are known.
[146] Similarly, even when 64-QAM modulation is applied to the LDPC code with the

parity-check matrix of FIG. 10 as illustrated in fig. 14, the characteristics may be
different from those of BPSK, QPSK and 16-QAM. In FIG. 13, y, and y; indicate high-
reliability bits that determine signs of a real part and an imaginary part in a2 64-QAM
symbol, respectively. That is, reliability relationship between the bits is defined as y,=
Yi>Y2=Y3i> Yu=Ys.

(147} FIG. 13 illustrates an example of a puncturing pattern obtained by considering parity
bits corresponding to degree-2 cotumns. In FIG. 12A for 16-QAM, though 3 bits
among the punctured parity bits are connected to the lowest-reliability bits y; and y;,
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[127] In addition to the ~-periodic puncturing nethod,
there are known net hods that optim ze the perfornmance
weacenridigsg to the code rate or codeword | engt hP@AR2009/000928
appl yi ng shortening or puncturing to the general LDPC
code. However, because the own exi sting methods of
finding a shortening/puncturing pattern performthe
opti mization process considering only BPSK or QPSK,
only one optim zed shortening/ puncturing pattern
could exjst for a given LDPC code. [128] However, the
opt i FiPeEdbe ipformation biygosmenonding iegharlssrees ar dsisreaireotimap bave
hi ghgadgerforrmaks| mt peﬁ’ﬁrmdﬁcdu@ddﬁf(’bd Ry 8ty Mowever, in FIG. 13

consiyglk QLUA'M Q' Rﬂ'htﬂ Qoo(lpz{ g&? Bftwe nécjf‘:% 18 g‘%ﬁ gsrhavmg

const el a ermn %lf’
from That” fio ‘F‘ch‘frilig]ce’lt TRiisbjlitigy cor-
QDSKreﬁmdinatq tbﬁparimemaumm fé$0| teloakefutly emnsidéredi t s

[148) 3 st Ittshﬁlﬂcﬂlgb :aneaymlcj 12541 mgugl that Vv@xl:d @b béde%me@{h of the
code ua
a f t eﬂBf’? CQA Cfl%crfélz{sgstcﬁl (9) shf)xQe 11r}$ 1'811110 &H%t Hf rS O g%SSCé)n‘Fﬂ)gptgng to
i s nige ﬁ‘é@ﬂ c‘?‘tﬁteg%ﬂ% jaFpeehual, hvb@a bits deergase emfegetmmhférano For
pr ocessplaf meIGdllzn:ngHE 1s,lfe;ratn&mmgdoﬂ¢4 BRketsIy:08, VL BV, 2, Yo)

Ho

S u‘é‘ﬁyﬁr(ysig %?%Bﬂ'o, :}y eyé glgbégw&gg%%&%ﬂa% fhnhPLbn-
relj %@F&f 1P ag P““BF‘P Ut AJARG 9f bl FORESPAnding R sRchzsiggal constellation
di f f éqceenses ingheportidndgo hleggth of leL.DRGdedesbidon scheme and

[14d)e sigoatrikeansikies @t i10ng Exicmnia@ﬁlbegasaoéf e@fh@t the same
38?

d et eé\';{élc@ﬁg% ?a{ttglln cgiplfl bl tl’{ag edAc n Ber%et’ El‘#q e

may e ateoreramcdhlghian e 0d gkl acmgue /bt§ mappping scheme
puncdre dctn@mm fergiter LDRG. cofie] 8@ JoptithdBpuricturing pat&i i bdgect to

an ot é]ﬁﬁ ERBhH Pto‘%t)nxéctﬂfi’xg bét%eéﬁlﬁﬁﬁéfurg@ﬁlfs'aéd ﬁcfn-@n.%%a Dther bits,

ode,.[ 1 [ tion
sequie T NGO e e Tpfsmgsion
i nf ompdnlation schemes, lyaedea tp mipirhisaibe peribBRqncOdegrati@idh@aibd by
[1331}un6’tuﬁ5g 26 [134] An weight-1 p03| ti on sequence in

ese i nformati on _on
pos 'fl%l r%égé}?l%?&gs% %1] ?#lk%g ke %{)overd(c] P d{] capréx};psche[mefgxsF
Ref esr“f‘}“ﬁ‘&z?ddn pisigps %éolloa/SoF@g F@éfelmn% ddhassusnagrherein that N,
cor rigdipaesdi lenggth o an RBPLicoddwoed) Eachoolgmo @pup mchadesdctoRmns, and

degr R@afy bRa&H s&%cmuwrfngsﬁﬁ ff&ho% p%nét&}'ﬁq g%%:cg&qs illustrated
col u %ggfzto Brie>

[151] nct 1

[152] A transmission apparatus generates an existing shortened/non-shortened DVB-S2
LDPC codeword in step 1301.

[153] Puncturing Step 2
[154] The transmission apparatus determines the number N, of parity bits for puncturing in
step 1303, and finds

a=| e

M,
in step 1305, where
|x]

is the maximum integer which is less than or equat to x.

[155] Puncturing Step 3
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3. Cenerally, as to an LDPC code, its performance

i nprovenent effect is excellent in a decodi ng process
wagomhe7segr ees i ncrease. Thus, it is comonl yPexKR207000928

that per formance given after decoding bits

corresponding to the first %q)l um group woul d be

superior conpared to that of the second col unm group.

[136] Wth reference to FIG 11, a brief description

wi |l -now be made of a.puncturing pattern which is

sui t abl e when BPSK or SK modul ation is applied to
[13He LDbrirmsnission tnagtup dytermines puacHripgRatitnidist F1 G 10.

I'n FipGp1l,py0 and yt indicate each BPSK synbol, or

i ndi cate' two"'bits constituting one QPSK symbol . Hence,

y0 anébrP<i<Adand OZdxadhccortling € 4 teddbthis$iyn aoduldtien sdhepicin step 1307.

cons ] :

S 9 dsetinle@that Fot §Zi<g?&f1‘fe5 1(5)1* "gfg%% ﬁrebég Iy defermfLd &g density

parity_bit correspandi ng t m | n )
SubrNePign %&P@%@ﬁ&?ﬂg % Epnsipissigngpeduigpion ifbm e fel-
punctienshig of daeisgMenky bit is punctured four tines at a

[1§Br i otuRturfle StdgEe, information bits corresponding to
greep b ymms. are connected to ctured parity
Y o %%‘8@1350 DR SRS R el P AT £

correpponding to degree-3 colums are not connected to
punctured parity bits on the Tanner graph. [138]
Gener ajrlo¥r<4 412 0Rk&A?, 16 S8R E5E7 EMert, Ond EANark BRCL pERFhRLAR
shom%&=gpor performance i mprovenent effect in the

« deco |ﬁg'pfocess. However, in FIG 11, the degree-5

1881 unBunchuing Stepdye 3 edges which are not connected to

[160)e pUhctans@idsin ipparatioaddiidngiBriuactiesbepdybinot be
significantly decreased in the decoding process. In
addi t Pemge since in formation bits in the degree-3
columms are not directly connected to the punctured
pari t yor DkkaV,-AM, ity BONIThER AR (HPRMEMHASH PR ORanB¥s bits

not %gnré’%&%e?}“'g?ﬁ}e?ﬁig{‘m%ﬁél gpodi ng process. [139] It

1S ass degree-5 colums are
(1 eat Bican beaipderpigodfisqn Banctiriag Bigprh Shroygh Papggising Step fdhat the
per f pma@ricgpdttemrcay bewefihedzicéiraély wheit the nilales i), 6fdits to be
Dfocﬁﬁé-e'doéé&)éﬁ, Eo infolthtiof ASHHHAMRYLVaRtis 8¢5, ¥l d .
1 ﬁﬁs ;]'_erlg:’ K, aqadmcan%lgt. al v\@éif Eseéf?l’yﬂ ae‘%]u? gwa'fggﬁ? a
1 - B gt ol AMPIey i MHER o aDEye g riring gieps ard performed
i || udeeprging ép pdulytion schemes] lgssCiavl aptiaal (e sehopidaized) guncturing
a ]? p |F pageints for ainavllgmm@dwwhh MAS2002K|L7300C BRLI60 HRE 26 are
0 y I cat . .
hi g i i]'gﬁﬁb}eﬁt@‘l’ghi"}?é’g?ﬁ_a‘? PRl %ﬁeir?‘cr’ew“é%n%e’b‘%’f‘mé' RUpgipring
par t PaspRs Wl beflsdorited ip defail pelowy o
[163] In Table 1A and Table 1B, (po, p1, Ps,-.., Pssso) indicates all parity bits of the DVB-S2
LDPC code, which are enumerated in a row.

[164] Table 1A
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16- QAM synbol , respectively. That is, the reliability

rel ati onship between the bits is defined as[141]
weetmrwiasg to FIG 12, degree-5 colums are nmappEKR2009/000928

y3 and degree-3 colums are nmapped to yi. In other

wor ds, the degree-5 col ums gre mapped to a

lower-reliability bit and t degree-3 are nmapped to a

hi gher-reliability bit on the signal constellation.

[142] In this case, it cannot be concluded that the

degree-5 colums woul d have a hi gher performance

[lﬁ-ﬂprE\MWwarnasbfe&ei:t In the decodi n%f’l process. The

r easppopaherds el [l ows. 1H=192GhETRIG He=350, =25

char ristics _off the 16-QAM nondulation since the
degr peF8 P GRRY JRelinsaisid satisfyipethe follPging sigractesisjics for
i nfogrmti obitsi N a siug,n:aI:zsr ecei ved froma channel, thelr
reli biIityirrprov slowy in the
decofli ng process. Egg%ﬁagé[}f)}t he degree-3
col ums, though th yefﬂaﬁes@ﬂf@mdt@m@etybmaeltmpmd t

I O\A/errelmﬁgydfwty T OT TR T OTT,  TRfktdeiA Meliod api 111y
i nmpr a-v-encem—e fectl occurs very fast 14’%1 As

descli bE3 aBE0L, i {trocanmger bﬁ‘—gjﬁ f@ﬁ&t@:@%&ﬂﬁhﬁbh@ bi {s

correspondi ng to tihe hi gherde col ums al ways hav

supefior performn t o,whi C

hi ghpr der nodul at i gﬁ"{esgm& (fgtycosﬁe P’ﬁéfﬁ’l’rl %ﬁ"ﬁac
to FIG 12, in an lmqnetnre@ﬁé@wmnwrtwwbut
corrpesponding to g aﬁabﬁgm@aumlw&naspswaﬁﬁw

corrpsponding to gn . arbitrar r puncture
one parity bit is g{ ?ﬁ‘?'@% faé’%r'" %b@mé‘fm atbse“h od of
g. Here, informatijewncbribgpaienzod the catidelipeee Soeokbiumn
and fdegree-3 col unmgﬁ&{gfﬁg%ﬁect ed to punctured pari

bitSJh"""”h 1 nrlrn onh-the T
[lﬁﬂ_]nctmihlmga pattern applied in FIG 11, the punctured

(&t spase—senpgacted—only—t-ot-he-degree-5-—col umms.
ecalgE% He "6 or"t@nce"@rpl oFhenht™@} f K| KD | B
dear B&x) QORGSR T GRLEN | B Pl a0 AP (7
HoweMer _iln fhe lpunctyring patter ustratled in
FI G| T6® t|ha(8urcTi2fk( mt)sLaI(%Z)unm(mn'I yt(?m st ri-but/ed -
consfuegd i i3 i
corres‘r;i?)ér%é fbﬁ%m]t?b&gg% co urm qrvgﬁ S%‘E%p :’Im?‘m B?SK’(Q SK
nodul ats ol séhere. 18 n%‘an9an I yl§| s{ ofg t hj sigade, 261 nces

A\

D

N

L

UJ

ru—r
<

Lzﬁc S?chbftzbwt ;g%h; is a‘l)th ”gl%\zbrcobg%i I |t E“Iatl%o 23
nor e sIlgnl f! bfh'nt Eért DI rﬂgns f. dlegiagf'ﬂai ngnwrx‘w [ happegn;
N T A ety IW -
i nformet i gn ﬁrorp al3 g 18 8 15 5
17 2 24 22 14 23 3 19 10
1 12 ¢ 18 21 7 11 - -
Relationship between permutation functions suboptimized on 64QAM
15 3 23 ) 13 18 1 9 17
8 5 20 16 22 4 24 14 2
21 12 7 10 19 11 0 - -

[168] Referring to Table 1A and Table 1B, it can be appreciated that when a length of
parity bits to be punctured is determined, the puncturing process based on suboptimal
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received signal, so the probability is high that the

significant performance degradation will not occur.
wp2d®108i8ri | arl y, even when 64- QAM nodul ati on PET/KR2009/000928

applied to the LDPC code with the parity-check matrix

of FIG 10 as illustrated in flg 14, the

characteristics nay be di  f efent fromthose of BPSK,

QPSK and 16-QAM In FIG 13, y0 and y, indicate

highreliability bits that determ ne signs of a real

part and an imaginary part in a 64- Q\M synbol

r es p@ynitraigypatteTikeds parformedghriongdi d rir¢dgtermainat procesdriegardless of the

Fez\%&ﬁﬂlulah@l Rhdne, bt rérig{oggnﬁﬁ bétfvedh rr){utfdbn%mlcﬁ&?sxndxcaux
pat t e %‘% é’%nfl'-“a Eglia terns are alg%l ffﬁrégltng? (P(/lg t8 m u{;mon sche es. That

corrésg ﬁ'&ﬁﬁ@ﬁ@“‘?@“&é@%@d 12 appbied, Witkout ¢qpsifermg themodutation scheme,

16- Qalghifichro perforare ﬂsgraﬂmgmtyf&c@ Wetotdidgad nﬁﬂﬁlhﬁdﬁ slenehﬁs
[1BDF COdlR e G‘nu i BFocésQ P}eklat'eé! 519 %anfi{bns are

y3, sinc ‘P forr% g |ts o) espon nlg

degr &87 FEpFms Step CRS St5B AR A st aggo

per f Gkpeinedin Ranpturig Sicpr$, sttt o 6atal of NHmwighhes areipandaire. 13
(16T € Thé sDophrha pa@niring atte¥H3 b winGR THEYA R&{ Tdble 1@ ﬁlg 3 B

;gpp%ﬁ{‘ Qéj acté:(‘f-lr Qacg)g?lyg)n 2 ffr)xgxgg @ﬁ%@ﬁ?&ﬁ( ela \ e?n%le ecause séveral se-
reli Z%?P ’lstareé’é’s % Inthehspness qﬁ gFlecting the punsfuring pisietns, vitiduvitl be

al so dprilgdbelowlih etah Aahgigmedlring pad&hs dhbwﬁ‘gcgubdjpéﬁfénﬁuﬁtzceﬁay
in Flb@ava;laalé‘ 'A@tuﬁl}ﬁputgcﬁlrﬁl H@%u%‘]ﬁ T&&Q?Mﬁéjr Jbﬁa% can also

of th eVI ¢ E eas &e ortenin
punclpunﬁ ryéﬁ‘c& p?for?}?”("g’l B Fe BURcH S Refterts dﬁﬁ'@déliﬁﬂ’lﬂ 1A
consf@d T elléh are equal, but the bits decrease in a
[Ifzt]edefl‘elslanned rat| 0. For exanple, in FIG 12 and FIG
(133 M%fv?aﬁ%xes g6, —6rders-

>I n]a ?

t he { con I ati ONSpah B203Bk; 0y AoNRflsBULoa ratio
of biP li'%%‘b%b‘hial ng to each signal coﬁg:t-el ’Ilgz;tl on

decr =aG®Gp1nglo@raﬂ@Or Ueﬁﬁb 4 s{étl% shRBHThOIE M8 g Ehdbdete rxstxcs for
codeypord. [}149] As Hed in HGs. 10, 1% 12 and

descrd
13, It can be easily Je ect ed that the sane puncturing
pattern coul d be ch&Té@EkEaelPdrf?&%ﬁO@OI he nodul ati on

schefre. That is, whene s&thlughseoﬁd#&{g 36@9&4&1&&:&@ itS elReNE

—"
=)

and tetHattont-bit—mppERe—schere—are
det e given LDPC code, ﬁ%neg‘ﬂMgﬁnaL

punc 6 oR W L@kn BGR.rAGE Gyl O
conngcti ons betweeh punct us?f;d bizel’ gn non- erq} ur't%a

othef bits. Thus, didfssRith, RUNSIH LiNGRLLBINS shoul d
be applied accordin g tq. transm ssion

d additionally puncture (M, -360m) parity bits from
among the parity bits corresponding to Pxtry.
Here, = indicates a permutation function that is a
punchuring pattern, and the relationships are shown at the
bottom of the table.

(173} Table 2B
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nodul ati on schenes, in order to mnimze the

performance degradation caused by puncturing. [150]
woherogersp al process for applying the above- deBCTiKR2009/000928

puncturing scheme can be summarized in 5 steps as

foll ows. For convenience, it,,is assumed herein that N

i ndicates a | ength of an LDﬁ% codeword, each col umm

group includes ML colums, and N parity bits are

subj ect to puncturing. The fol |l owi ng puncturing

rocess is illustrated in fig. 14 in brief. [151]
nct ugOnNg ®1p| KDHIP2AGA [t i M-g$) ANz @] pa uU$ m(8
gene m(e); aﬁ( Zx SL(I)n % tegzd nﬁg?? ghor D$B-(5)2

L DPC| ca{@evior(@it)i prfitep xR L n(15)1pa14P nm(lj)rl ngs)St G 0)]

[ 154} _The {t ranspi ssi on appgaratus determ nels the|nunbdr

N of | péi) t|yn®)t 576206y | m@idt|un@y| w235t en24303.- and -

fi ndg$—i—a—dtep 1805 here lis the maxilmum jilnt eget whi dh

is | s sR&Iaﬁtﬁaﬁ'ﬁwrbet@qmem@mn funqtivaapbaptimizedien BREKAQREE

3[ 15)] The S r|| O par At HS A‘:* arm nesS 5
punC1ur ng p%rl %|1S%Or ard aCCsorC|r;a£Og)

t rangmigsifon u rtoRgasah PTSIN:Y) I
assufre $trat2fo %Agl Jegoof eﬂe rei%rew%us 16 2

determiped usi ng @ dengyty e1\90| LUt 170N [mefhod -
consldering thel transm ssilon nodul atiion scheme(herel H
a rela t Relatsinship et wetmpermutgtion émptions 4bhzjtinzedon L6GAd St gp

4 [168}-TFhetransmission apparatus applies puncturing

to all %arltﬁltgf DI an SEE&P}S(?Z Helbe, 1}3&3 5
ggﬂi u#?ng S?ep pé{i:b I_'\IJ'IreL r ahs II ;:’lmojg dp\égff’r al Iug?i“
sl en 1307 Thorbaf c &0 [t P LF ahbr| a5t o] abbag ats
trangm t RelftidnshipPbeBRR perRftation BunBURE b REhiRY bF 64K T €D
1309 ) 13 13 10 3 17 21 8 5
19 2 23 16 24 7 18 1 12

20 0 4 14 9 11 22 - -

[175] The method of mapping bits corresponding to the signal constellations used in
16-QAM and 64-QAM modulations of Table 2A and Table 2B is the results obtained
by applying the same bit mapping schemes as those illustrated in FIG. 12 and FIG. 13.

[176] The DVB-S2 LDPC codeword transmitted after undergoing the puncturing is
restored to its original signal from a received signal at a reception apparatus through a
decoding process in fig. 15.

[177] Fig. 15 is a flowchart illustrating a reception method in a reception apparatus
according to an embodiment of the present invention.

[178] Referring to fig. 15, a reception apparatus determines or estimates a puncturing/
shortening pattern from a received signal in step 1401. Thereafter, the reception
apparatus determines in step 1403 whether there are any punctured or shortened bits. In
the absence of punctured or shortened bits, the reception apparatus performs decoding
in step 1409. However, when there are punctured or shortened bits, the reception
apparatus provides the puncturing/shortening pattern to an LDPC encoder 1560, which
will be described in connection with fig. 16, in step 1405.

[179] In step 1407, the LDPC encoder 1560 determines that punctured bits are erased bits
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[161] It can be understood from Puncturing Step 1
t hrough Puncturing Step 5 that the puncturing pattern
woamne7asef i ned accurately when the nunber Np ®CTKR2809/000928

to be punctured, sequence information defining val ues
of | and a value of q are k?% [162] To descri be
detai |l ed exanples in which e above puncturing steps
are perfornmed according to nodul ati on schenes, |ess
than optimal (i.e. suboptim zed) puncturing patterns
for an DVB-S2 LDPC code with 1=7200, M =360, and =25
ar e YW igierinesTads the probability tEhydlues pBshopengd bitsouid be fero (0) is 1.
sel eTherdager the quea&ohémlssmpmﬁhw deb@infpah kep MoV I | be

agce

L ALl A A
m c?ﬁf bt QVEZhRPS ot vspestciu charBdgrIstesAf é*euwﬂlé%}m’t code.
[181166] ATadst sigriifaftidifdrencd BBy eeRatfequresem dgnveatiohabd the prorartdies in

Tabl &)naigenn'gtrelﬁ@ﬂltﬂﬁ t@%ﬁﬁﬁésﬁh%dﬁ]ﬁ@&n s\@ﬁk‘?x{é \ﬁ\eh @Elgﬂhﬁhlﬁ’g parity

pari unct.u

P bt b P el T PAIRGEHE Sfp 4 A SRRTHIR PR DS slgesion
pat t Bpgpgduseds mew#q@rfﬁ@&elm‘frt@d@rmwep!reénretcebemun@mqudhee@@ -S2
I egaLOPE 8&det Pide@riADStep AtThe Folls@iigRElectidoh broc@luatis Sibfbi 'S

bet wagh Ptﬁ@ ¢ ndicating optim zed

nct ep%%?%éfﬁgo%#gﬁa g‘?fferent according to

[lﬁﬁdulg¥¥%g—§@ﬁ§%%s. That is, when the puncturing

(1§t hoBits, whizh pieicenhevicd, ifqussitds rsd desmambertofi nforodidrettits,aare first
schedgarmfle@ni fi cant performance degradation may occur

[Igﬁcor Q%Dﬁﬂngpdylatlon schenmes. [169] Fromthe
s, it can also be appreciated that
&M pBait Bitsisp bepunptared it pxbibit the nPgiRsY PV PCSoBRANGS, Brg cHe-

Pun ctreunmmgfrcﬁi hp pritpbics derfrhihgd i StISctidh @rdaekaa ] wbingd defisity

Pun Cé\)&[\ftl&gaﬁfﬂ [rnlétho? Qlal:]%ﬂ%%egso%ﬁ (ﬂlflatl'slﬂ tsc@l@fn!e haa &hlleg‘ dis-

are ncture puncturi ng
att % hown in Table I A and Table | B may not be

|qu&uaamhbﬂﬁng_to conditions for finding the
[1 §7YNCt Bised\6h B3 pirRY Biss to ﬁﬁﬁﬁbﬁﬁd S&)éﬁﬁﬂ!:d RS elefifoh PRIISss2! Selection

Bgf chBée‘és i 5\[# ctPJn%o & oy, Oaé re?eage dgn glglbbw)icﬁlldalétﬂgl a:lrea%y

nanywbﬁﬁéPHWPh@WﬁﬁWﬁ@fns showi ng good performance may
[183¢ av@ethabily. whee thaatuhlyer Mo tits w0 betgn@akd edries g@ftB\he | N

Tabl ;ﬁmctgﬁh g%&%rﬁ@@tﬁnz%@ bRH oPhs Qa1 FW, K“Wﬁ%}p%é&%&doﬁ With
per n&ﬂ el’n other words, 2P sg'gt%!tn%hlcg aiue of N, vangs greatly, all of the
punctunng patterns optimized based on the value of N, should be stored separately for
optimized performance.

[189] However, although the puncturing patterns obtained by applying the above selection
procedure are not guaranteed to be optimal for all cases, they would have relatively
stable performance from one puncturing pattern having a regular rule, regardless of a
change in the value of N,, thereby securing the relatively stable performance and easy
storage of the puncturing patterns.

{1903 For example, supposing that orders of the parity bits to be punctured are set as Py, Ps,
.- P,, only a sequence indicating the orders of the parity bits may be stored to enable
efficient puncturing for an arbitrary value of N, through Puncturing Step 1 to
Puncturing Step 5.

[191] The puncturing technique may contribute to an increase in a code rate because it can
change a length of an LDPC codeword, and reduce the codeword length without
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and Table IB. [171] [172] [173][174] [175] The nethod
of mapping bits corresponding to the signal

woan®tietdsat i ons used in 16- QAM and 64- QAM noduPatrikr2809/000928
of Table 2A and Table 2B is the results obtained by
applying the same bit mappi Bg schenes as those
illustrated in FIG 12 and FIG 13. [176] The DVB- S2
LDPC codeword transmitted after undergoing the
puncturing is restored to its original signal froma
received signal at a reception apparatus through a
decothepginsprrgaioveatiop lengtl. Preferably jtheypuneiuging and theshortening can be
f | ownapphied togdtthen st abeein the cale ratcaydicodawondibinbitndededdn the system.

(198 CePhLRMiPRA&iUS] ASEO M NDddvbr@RnSH RAMINTRBImABbn feh&h of

tion.. [17 ferring to.fig. 15 .
Do ST s e R Bl Dot il g LBPC code it
punct eadeviepd lepgrY: and angntornation fength Snfhsough shortpripg yidgreguuring,
i N shep, A, respaeiveRf if & definktiof of FCHRM 400 KMEREK Blgii@n, the LDPC
det CLdi: g@ﬁ a'che%ﬁﬁex#gl'gﬁzo%Ng gﬁ ﬂ?({nrmaibgurlgt@ﬂ{ l@z a g? generated by

punct ur or shorterred. ) senc )
punc Hhoreingf bt prAcaing Ny &N'Kh@ﬁf&%%?%c}&ﬂbﬁ?‘ﬁf pithe
per f giversLINAC cuglie.rIg cask ofthe pendrd @8 LDHCWwe ks for NefienKb- sines the
are pyaRehased or shortened bits, the reception
apparatus provides the puncturing/shortening pattern
to an’lTPC encoder 1560, which will be described in
connettT¥n with fig. 16, in step 1405. [179] In step
1407, : ] . ctured
oi 5 5 ereane AAAA Rk R CEh B B a e NRHE
probafiifiy that values of shortened bits will be zero
(0) i%-1¥ Thereafter, the LDPC encoder 1560 perforras
decoding in step 1409. [180] In the puncturing
rocess, puncturing is applied to stabilize
n@gr f ofigrd fdea Rpck dingram /gl aganynpfs@nepprsatysysig aprnapredishaftened
char BDPE eodetac@sding totah embddBnsn? oflthifreead@venfidn31] A nost
ani i L fFor ' ; , '
90", LA LT R A RS ERIl ST g
the PiEmaRplsE! &0, ?ﬂ)‘&ﬁ%‘fqd6ﬂaf§¥:‘ﬁ‘§ﬁ’é"\ﬂﬂ%éﬁx%f°éﬂ?ﬁOnT‘HQPPC
par i engodsi { §60; sndagpupamroigpaten appliedd80.uri ng Step 3. An
[185§anPiTRe DHP@c e PMANLCRecR Hafik lek @I tcP | SVRGMESs dn LIRS Batity-

e B Bl B o e Pl can
f ol | exkiRFied Winsedngmnsy. SribRecien én the transhiission apparatus, or can be

generated by the transmission apparatus.

[196] The controller 1510 controls the shortening pattern applier 1520 to determine a
shortening pattern according to an information length. The shortening pattern applier
1520 inserts bits with a value of 0 in the positions corresponding to shortened bits, or
removes columns corresponding to the shortened bits from a parity-check matrix of a
given LDPC code. The shortening pattern can determined by extracting a shortening
pattern stored in a memory, generating a shortening pattern using a sequence generator
(not shown), or obtaining a shortening pattern using a density evolution analysis
algorithm for a parity-check matrix and a given information length.

[197] The shortening pattern applier 1520 is optional when shortening is not needed for the
code. Further, the controller 1510 controls the puncturing pattern applier 1580 to
determine and apply a puncturing pattern according to a modulation scheme and a
length of puncturing bits.
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change, when applied to other LDPC codes. [182]
Sel ection Process 1 [ 183] Bits, which are connected,
wohopasmishl e, to a | ess nunber of informati on BCTAR2009%00928
first determned. [184] Selection Process 2 [ 185]
Parity bits to be punctured,,which exhibit the nost
asynptotic performnce, are de termned fromthe
parity bits determned in Selection Process !, using a
density evolution analysis nethod that considers both
a _nodul ation schenme and degree dis tribution. [186
[188] ec Thoprnrppegraters applieg 1580 Befgrauines thetmmberapf panipy bitstfer t o
be ppaetuing dividte the ot ®ils dt predebrdideld GiterP419Q @&SSninks the number of

Sel esadc%ng’&&csﬁéh Aremge ﬁs k@@ﬁ,uaﬂneﬂ eSS ?eaafl%mea iptervals,

repe I
P2 e on dchep e Roign e PSS sy come
Np ofpapfling totthe @eenpmmtnumlmdomlaﬂ puastuggehits Withinttheepredetermined
p UNC idrialchcBRdih@io ife &E&xhﬁb@ﬁéd@éi%ﬁ Qcheme tah@re}sédtéaﬁy feffori

Wor dgl?h\é&lnﬂgon t?lr rl?l'!c u&%gpan é}ps CO%?SB%n%g‘g%?\f gFtFlggne% posmons at

gr eafh"y’rﬁdﬁF‘F‘“@ﬂ mtﬁ@alp dhe Preﬁqtqf@urwétmeévalﬁsar@ﬁﬁmm%ﬁy dividing a

bas etkngth of the parity bies byfa 1&1@&1&11 otd cbldneh gbuprie d patpalicak ahtyix.
(1687 ORbd a8 RRL &e& eg&@%& m@o#\ﬁya%zm,.ﬂh fouQRet e

punct uri l’] ter t he above

sel eBFPYH 5'5) e sagl%ﬁ@cwafhr@%ram%ﬁ* n}b fnohoN |

[20@r alThe BRBE@sncoddnd §60pstfbunsteasoding bhsat ow @ﬂey«])i’ﬂa:bﬂahortencd by
per f e FBdtRMer 1500k dﬂUﬂf&ﬁlErpbwn Q@h&ﬁsﬁo haVl ng a

gul
2R, B 1 EladTPRLES aecnh OBt g Bt Frit s o e
and E%Eyt igycpfioy dn %‘lﬂgh %%g'ﬁh‘iﬁ%!‘ﬁlm"%@mp atcpremﬂswat{on 1Oy using a
For pwepdéhoreualin¥B+5g LTiPatcody id edcsival, andrestgrad fotuyeridediad
to bggpunctured are set as P1, P2, ..., Pf onIy a

quenc ingi ating the orders of the EL
7 Bifaely G Loty OHER oL Ot Shorehing
ar b| P‘Ffafuym&mtte@ d@fenmpatwhk@mgihomntcltﬁaﬁ,lardgn@@zpmil 68® and an
PuncLDPCago®érapsth. [ 191] The puncturing techni que may
[26§m r 'Tpéjéeﬁlohaat@pl 638 dc&i @g‘sean& Hen?od%ﬁgg a gh%%’tgne p%r?c?ﬁci'gd ]IJSPC code,
and provides the demodulated signal to the shortening/puncturing pattern deter-
mination/estimation unit 1620 and the LDPC decoder 1640.
[204] The shortening/puncturing pattern determination/estimation unit 1620, under the

control of the controller 1610, estimates or determines information about a puncturing/
shortening pattern of the LDPC code from demodulated signal, and provides position
information of the punctured/shortened bits to the LDPC decoder 1640. The
shortening/puncturing pattern determination/estimation unit {620 can determine or
estimate the puncturing/shortening pattern by exiracting a puncturing/shortening
pattern stored in 2 memory, generating a puncturing/shortening pattern using a
previously implemented generation method, or obtaining a puncturing/shortening
pattern using a density evolution analysis algorithm for a parity-check matrix and a
given information length. The LDPC decoder 1640 performs erasure processing on the
punctured bits and performs decoding thereon.

[205] When the transmission apparatus applies both shortening and puncturing, the
shortening/puncturing pattern determination/estimation unit 1620 in the reception
apparatus may carry out pattern determination/estimation on the shortening first,
perform pattern determination/estimation on the puncturing first, or make pattern de-
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change a length of an LDPC codeword, and reduce the

codeword | ength w thout changi ng an information | ength.
weénefanasby, the puncturing and the shorteni ngPCaKR2809/000928

appl i ed together to obtain the code rate and codeword

| ength needed in the system, 192] Assum ng, as

descri bed above, that a codeword | ength and an

i nformation |l ength of an LDPC code, which is intended

to be finally obtained froma given LDPC code with a

codeword length Ni and an information |ength K\

t hr od@fﬁu%aﬂeli*’fséﬂﬁtﬁﬁ o#hathihsbeitininggnd pynstuging Tée jghortening/

I es pautétpgigypattard deterchidfation/dstimaticnfuni€ 1620 @temaes prétenckBlRence of

|COd et[)ﬁh&m'n% bﬁ?ﬁﬁm.q{e%ohlﬁﬁg& 8, frmg V@h}{éq ttlif-'ége 5k %19{3 tge
eng eatimation fietpmr?es positions

enera
punc tsﬁ?rté%ﬁ'g% }"{‘351“{'8 Baffeq éef'?’ P%“%‘(Fé‘t’ﬂatl‘?ﬁfl if %2
gi ver?f ppancisekparityrbits Ay estigfatinghisfogranion abaetithe PRCturing pattern.

[206] NThe WDPICHEcoder 164@ ddcb@s aad ﬁsd&g’ﬂh@ dét§rminel PSsitions of the

t
consi Mg“&‘ﬁ@’ BR% i’?ﬁﬂ%i‘g%f e I R L
atr &ﬁ@ His Peophility thak the, §P’?‘F§m§1 bits enld be 4 Axsicaval tonldd

LDPC B?game &c pobabilitgthtiovabues effthxosibri@id biaf will be zgé BIQNE. 100%),
| Nvenkd ODPC febSbt 1@@%@&&'}1&& v&hathl‘aﬂ & notjlﬁwﬂ!aallﬁ ﬂﬁ%ﬂ&r&ﬁéd%s to

appangtus in Iuoﬁs a_con

pat t 6T 5 PAp S dpeodimg Bperaoﬂ?" dﬁ?ga‘? E%H‘é&‘ ?IP‘T &/°fé*‘FeQ¥Rbaﬁg‘fyrtP% the
extr éb‘t’@f’e‘ﬁsﬂ Gould he E@P@V@ndbﬂé??qwmer 4610 recejyanioformatiog on a

pa: t dengthad HeiskorteATHVE 52 LDIPCTOE: tyBRGnE IR éﬁ@f’iénhﬁéfpﬁk&ﬁ’}ﬁg
ma r Xt i at
p&tt ﬁ(&e[té}fﬂnq{ onfeQA' %t\lﬁﬁl%ﬁl @1? Lbﬁggf:cé)ﬁerﬁ 840 pfﬁgresf_%%,éser-

# &g trix underwen
code E%’F &?r‘?f’ﬁv?‘?%g‘b‘é*n be extracted using a
[288hor yAs dea:nb@en ginvention with fig. It6r thea SirorBSih I8 perpRMEdn e, ingh

can begosmey b mtenbydet hﬁotaﬁd'img P?JME isHRRGhAA Hlsthe &uﬁ%@ltage of

The he shorteni

oot SR B0 SRl s e s 17,
accoftFfrgleeaserl49 shopid batd ipfermasiog o the Phrstusing rudsthé shgrtening si-
patt multar&pqnily, &rmakd e decsidigtpsssivld.s With a vaI ue of 0 in

zbée ptheiﬂ%ﬁveﬁ@Jﬂr&ﬁ§9&H gﬁ(ﬂ\ﬂlnagl&) 9&&%&%@% rgrhcgao :bﬁ:e{tg.m

renoves corres

£ onFXEBIARY PRty Chratot i be g bY Bpes Wkl iyt tha
shor Vasupghapges incform aralrdetids manbavestie tyeratx titomt dapartifg from the
shor kil ang sqpé bRhdinGdn6E4S defined %mbyendaﬁ‘a@ﬁ.élmdﬂﬂmﬁ

shor tepigiPattern using a sequence generator (not

shown or obtalnlng a shortening pattern using a
density evol ution analysis algorithmfor a

parity-check matrix and a given information | ength.

' SUBSTITUTE SHEET (RULE 26)



[197] The shortening pattern applier 1520 is optional
when shortening is not needed for the code. Further,
woOherogomsp ol | er 1510 control s the puncturing paCTa&R2009/000928
applier 1580 to determ ne and apply a puncturing
pattern according to a rmdulzs\ti on schene and a | ength
of puncturing bits.[198] Thé& puncturing pattern
applier 1580 deternmi nes the nunber of parity bits for
puncturing, divides the parity bits at predeterm ned
intervals, determ nes the nunmber of puncturing bits,
whi ch are subjected to pylikiiisng W thin the
redeterm ned intervals, determ nes a nodul ation
llﬁchema, Ajeelpdionensodings3 chapned ingrcopnyaicaiion Syptasnpsingd bows
corre sensiyRyritycCHeble( HPCS tote e matiodbainpaifing:he
punct ur idd@rfbhing « Wiyhfth Br Jaify 1k Rl Ghftnffinped | nt erval s
accordi n .(tﬁo ‘E‘Fe defermn np at | scheng, . and
r epeat edﬁS} Pelif BIH O FhRCLRITTReo g I‘f’gs {efpiping a number of
parity hpunsturingpasts hissh shhivh atecubjbrtedde penchuring withio shiet predes
at the pépsieiefidided intervals. The predeterm ned
i nterval g, ar.e. deter.yi.ned by dividing a | ength of the
parity bq%iegnfﬁl)rllggnl?g%m@tf%‘sg}%g%he columm group in a
par i t y- ceEERinitg pesitions pfpgoqturingeari@ bits eArgepondingtodhedsisrmined
for the numbetofithe puisintrivg pirity bitowistii tht pddt@mined @i@valer
accor di raggotrangmmrm&miaa%&ﬂe@&he”e through a
transm ssion un‘lﬂ_t not shown) . 200‘1. The LLDPC encaoder
1560 perfRSPHLY BHETING §UISHLing O RiciEng psty bifsgarresponding to the
shor t enaldtepgingdpositionstat b prdetarfihi@d imetvalhiend hor t eni ng
pat t er n rap@hittg reh@afhg b0 &cedtifer: thel guntiSred bitd Redrdid) agham
of a recepti.Af ARRar atus according to an enbodi nent of

t he present 1 nvention, in which a signal transmtted
2¥ r om a JdogmsHod af glain lsygqr@mhggqqgtexanmed intervals are determined by

punct ur eliiidihpa keagt dof tBARri§2bils BPE lmgtief b domamigy@g,in apakity-
restoregni® niefy -desired data. [202] Referring to fig.

o2 R BRI S Pl et BRERS! e, 191
det er m fenjaben lergth isd2G0cnd theimodelBR@r schenapdprb@QAM, dhe positions of
1630, ankt @ActhiGatdgoasiat 61446.9, [£03]20T%a7demdol At o1, 3, 16,

1630 recsiyeg Ang feqpdul ates a shortened/ punctured
LDPC co%’, and provi'des the denodul ated signal to the
“Lhort eni § }I}sﬁlﬁ% ?{ﬁlqnﬁd, Wgﬁrflg Whenggodgword length is 16200, an in-

m nat i oddreBtipmigngtiois 720§} and G2 daladort sokeneDP63-QAdn depositions of

1640. [ 2R4dundiéneSIantybaA0 8/ BYNLY YIS, MY 203 8, 23, 16, 24, 7, 18,
determ a”t leoeg,t]w'gatib% unit 1620, under the control
nt T

of the gb rol'Ter 16 esti mates or determ nes
[5) nf or natlihe metipd ol claim d  weargip fhe gpsitions of the puncturing parity bits are de-
termined based on connections between punctured bits and non-punctured bits

and reliabilities of bits that constitute a modulation symbol according to the
modulation scheme.

[6] The method of claim 1, further comprising:
additionally puncturing remaining parity bits except for the punctured parity bits
when the number of the parity bits for puncturing is not a multiple of the length
of one column group.

71 The method of claim 1, wherein when the modulation scheme is 16-QAM, an
LDPC code with a codeword length of 16200 and an information length of 7200
is subjected to puncturing in accordance with the following puncturing pattern
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shortening pattern of the LDPC code from denodul at ed
signal, and provides position information of the

wouomiiarasd/ shortened bits to the LDPC decoder RE#KR200%00928
shorteni ng/ puncturing pattern determ nation/estimtion
unit 1620 can determ ne or timate the
puncturing/shortening pattern by extracting a
puncturing/ shortening pattern stored in a nenory,
generating a puncturing/shortening pattern using a
previously inplenented generation nethod, or obtaining
a punct Jr mt®y/ bt enr@y [patDel m@si|ngGa ded®i tjyn(?) | =8
evol uti gzana y&si 5 all"G-rrir*h‘Pﬂ ofga pary I"hcck owai X*
and a gijlven i pformtion I?ngt h. *®rhe EDPC décoce? 1645‘
perforng e@asuréiPros@ss| m2dn %MD [putiel preth)hi t(ss)a{nd:(w)
per f or ng #{:ouizﬂg thereop——12051—W c'.lzt he—t+arSt-SSi-a8
appar at ys appl i'es ho sh&f}teni g ané puwc]t uri nb, th;s2
shor t enifng{1gunot1) i| ngl2Ealt w1 | de®Br [nm(2a) | oz st 1 mat|i on
uni t 1626 therecepttonapparat s ey reary—ott
pattern d(le%er 'b:ati on estjiPmti onglon tlwe ;hortﬁni ng
first, performpattern determ nation/estination on the
unct uri firgt, aor make pattern . _

et or m rXEMSHPE S sl BHET eR He podulgingseherme HP4ReM. an
punct ur iLRFC codewish @ cedewprddéngthuafi ¢ 6200iandjarpiafotreation length of
det er m raboi9subReka Fub kil hocdiBRiRe doth &l TbIREng puncturin
presenc%ﬁgﬁen%g of puncturing bits in the der;gopdul at egd
si gnal . en there are puncturing bits, the
short eni|ng®@puneklr i| ngpalt e n | ce@er[ninéat | orifegt ot oxed
uni t 1620gdetEr@rngsypost tpons pi—tihgspupchuredgpari-ty
bits by |estinptingiinforimiion abodt the|punctiurin
pattern. [Pd6] ™HR [LEPO |[de€i@derm(1D40 et bat)dar@s) | n(17
usi ng the1gleTETM NgdzPOS| [EOMS Hf  ([Mg PUNTCIgUT gdyparyr 1y
bits, adsumng thati the lprobability thatithe punctured
bits woyl 8Bk 781D | (BLDand&ihe FEDYaBIZR) | yi24t t he
punct ur gdz®l ts gwouljdgabe [T 1are|equalf §p 1f Zzz B@caus
t he probabiHAt-y—that—valdes—ot the lshortened bits will

be zero is 1 (i.e. 100%, the LDPC decoder 1640

[9E_et erm %ﬁempg{co&ﬁ% Qgﬂa ci in‘gf Jolnrrﬁn“c&yxntsgs?en’?&%{ taeﬂ&g-
its to\’%e?ke Poart I n ecodi n t{c:per ation depéndl ng
on the He PrriyrChefle eyt ‘E%e PLEOMPRENE N or t ened
bi t s wowkrkctiying aeqording A @ predéterniidRGuuttwing @attetr5ebBed on the
recei vesnddib&sn®Rhdn@Pan @ | ength of the shortened

DVB- S2 . . ns. of .t short eni ng/ pync I ng
patter nLﬂglcﬁe;t%eltl%ﬁ:l ﬁea ?"6%?%%? ’fcﬁ%tf?rgﬁe R F?reﬁgﬁﬁgc(gﬁlgg f_o%fg-s‘c
decoder MOguiationsghesices t he userdesired data fromthe
recei vedvhefeipnelies thei2dflatidsschkasds i HOAM, An LORITR6de vith a

Wi th figodelrd ltalth%'l mgﬁé(?ﬂﬂhglginif(ﬁm%nflgfgme& 7&6&)@;&%6&%81:

puncturing in accordance with the following puncturing pattern

n@ [ WD | @ @B | w) | 2G) [ w® | nD | w@®
6 4 13 9 18 8 15 20 5
WS | wl0) | w(1) | =(12) | w13 | =4 | (15| =16) | n(17)
17 2 22 24 7 12 1 16 23
(18 | w(19) | n(20) | w21} | =(22) | 7=(23) | m(24)

14 0 21 10 19 11 3
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stage of the LDPC encoder 1560 and the puncturing is
perfornmed at the output stage of the LDPC encoder
wa36ed/10Msnever, in the reception apparatus il | BET/KR26M$/000928
in fig. 17, the LDPC decoder 1640 shoul d have
information on the puncturigg and the shortening si
mul t aneously, to make the decodi ng possible. [208]
Wil e the invention has been shown and described wth
reference to a certain exenplary enbodi nents thereof,
it will be understood by those skilled in the art that
various changes in formand details may be nmade
[10]her ei n The athud ofkdpimrd whaeih rherpotitivens sfxhe pincaridg peigpisitsafe de-

: Egl 'r NV §dHniref c@ﬁxd@l@tfg' doRikcihs Bme&%ﬁﬁﬁi‘é‘@b@sl Rl H@n AREured bits

Channet eRes af iR ARF arstopes BrnSin Paed 6orisida e,
Pari t y- Gdghtignsofmmye. code, the method conprising:
[1get er m s Methéd foHedeedin®4 chaddel inya ddinkrfnication Ryste bidgRULow-

di vidi ”‘be‘ﬁﬁﬁ P‘&F}Ey' é%clgg.ﬁcg‘%od%rtﬁgﬁhﬁ&d% Pr%?isdn tervals,

and det ari bj ts
whi ch arpé“@EPS‘jgéE‘t"é‘H“&‘Baﬁ[ﬁ‘fﬁ‘?’@}“?"t‘}@’u%“{“r’l‘ﬁﬁa‘f% aﬁ‘i’déﬂ’é e
t er m nednadnkonsshesne; eieX er m ni ng a nodul ati on schene;
det er m RiRGniRA i-etn&aﬂ{‘lﬁg 1 eREPGhURS PR 'bIté’achrHi%g to the
correspan 0, t he det er mm ned nunber of

punct ur |"P1§ g?'ﬁc 0% ts within the predeter m ned

i nt er valvdemincwreditiamadylagiprescheraris 64-QOM. 8 RBRE code with a

r epeat edbiewdal LGNS 200N ok (rifétghatch mtgmtfaao(ng sibjdciet Yo
bits Coﬁpﬁl neg@%&@oﬁd ck%hﬁ%tf&b% ¢ tﬂa&é}ﬁ at the

predet e |nterv ransinttin i ni ng
bits exdep® fom(bhe E@hc #H2d | b¥tls |adCor mﬁ@ tjomfhef e

nmodul at i[O SChaRe. |[ & 1nggmet pd af (¢l af L,

the predetermined iintervials age detlerm ned hy
a length 89 th&<ani 8D t612by HK1Pnglw pi=bhe
group in as pafiZ ychegK Nausl X| 143] Tlae MEt§80d |01 Ccl@im
1, wher &ai 1r1ti) i . A in-

formati ﬁn"il PRI 4 F300| AFd 4 @zﬁtd 23 dﬁz:écheme B
16- QAM |t be pIOS)iti ong of| 14 11 22

[12} The method of claim 11, wherein the positions of the puncturing parity bits are
determined considering connections between punctured bits and non-punctured
bits and reliabilities of bits that constitute a modulation symbol according to the
modulation scheme.

[13] An apparatus for encoding a channel in a communication system using a Low-
Density Parity-Check (LDPC) code, the apparatus comprising:

a puncturing pattern applier for repeatedly performing puncturing on puncturing
parity bits corresponding to the determined positions at the predetermined
intervals; and

a transmission unit for transmitting remaining bits except for the punctured bits
according to the modulation scheme.

[14] The apparatus of claim 13, wherein the predetermined intervals are determined
by dividing a length of the parity bits by a length of one column group in a
parity-check matrix.

[15] The apparatus of claim 13, wherein the puncturing pattern applier determines the
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the puncturing parity bits are 6, 4, 13, 9, 18, 15,
20, 5, 17, 2, 24, 10, 22, 12, 3, 16, 23, 14, 0, 21,
waQ009h979841, 3. [4] The nmethod of claimil, whePeT/KR2®100928
a codeword length is 16200, an in formation length is
7200 and the nodul ation schgye is 64-QAM the
positions of the puncturing parity bits are 6, 15, 13,
10, 3, 17, 21, 8, 5, 19, 2, 23, 16, 24, 7, 18, 1, 12,
20, 0, 4, 14, 9, i | , 22. [5] The nmethod of claim 1,
wherein the positions of the puncturing parity bits
are de Pesitaopeldhopiseyriahpaibiie censrdnasrenypedans SeRvetur ed
bi ts ang@uivamedbits @idoacuhditirsd birscind ediataliriek bf biw shapéonktithts a

t hat conRshi j Jaked =ding to the
dul at @Emgﬁg}r@bﬁ%&%%g%ﬁaéod 6?nasc§$§:ifomﬁ furg5 M
& onpr i sitAGEPPARES P BHRIEy IR P PomPIREPhG g‘;'?ﬁr‘ ?%7‘ ’
bits extepundwingphitcrpapplienpedormsapictuying pn an LPBG cedeavith a
nunber - Qbdelwdel 1BtH 4F) 6500(hd hibinfdiRtih WnfhGf 720018 hecdrdance with
mul tipl %?e%lllotx\ﬁx%ﬂfga\g\%rq %enqne colum group. [7] The
or_clal :

nmet hod SR when the nodul ation schene
i s 16- QAMOan BOPC| cage (winf3h h wOdeweEX | ekt h TF) | =(8)
16200 ampd—entrhpFertaior—tengihzof 7200 Ss=sthiepted

6. 4 o= 18 5> U] ey 5
to puncturing I _acg¢ordancé wiih the Tolllow ng
punct ur if ngpdt tveioh| 81 TPHe k@Y hoi Dl w& mall5) Whait i |n #(17)
when t he—spddateh—Sehare+Sr-64—Oa—anrtbPErepde
vvitha(ozj're rd |l eng qf§i6233anc an_information 23
| engt h cbfn(’l&’)quﬂt@S‘SJbi(é@t-ged(an pu2fdt| un@Bdy| ime4adcor dgnce
Wt h t he—fpttowng ettt H Ny e 9 =A gt hodforT
encodi ng_iaf)_c_hla\rqlnel r&r? a ccl)bmm '1ip1?ati 03:1 sy fem iisi ng !a
Low Density Parity-Check (LDPC) code, the nethod

onpri sing: punct uri.ng .accor.di 0 _a, predetermn
fjonet ur TG RS PO MBS bR pPal B S ERE I QoM
t ransmi tthe pugcteringmiattdrm gpobien perfesmsepoctiring on AeLBBA cedervth a
bi ts aceedehonDedgth 46200064 binfSatishheigh of MPEDieABordkR A with

t he nod ' -QAM an LDP Ccode with a
codewor ﬁ%éiﬁog{l?gégg@g%%ﬂéﬁd an_information | ength_of

7200i s gumOkcit &t ¢ m2) | 73 | 74 | 7G5 | wE | #W?) | &)
5 15 13 10 3 17 21 8 5
(9 | w10} | w(i1) | =(12) | w(13) | w(14) [ =x(15) | =n(16) | =(17)
19 2 23 16 24 7 18 1 12
7(18) | n(1H | a0y | 7121} | =@2) | n(23) | n(24)
20 0 4 14 9 1 22
[18] An apparatus for encoding a channel in a communication system using a Low-

Density Parity-Check (LDPC) code, the apparatus comprising:

a puncturing pattern applier for puncturing according to a predetermined
puncturing pattern based on the modulation scheme; and

a transmission unit for transmitting remaining bits except for the punctured bits
according to the modulation scheme,

wherein when the modulation scheme is 16-QAM, the puncturing pattern applier
performs puncturing on an LDPC code with a codeword length of 16200 and an
information length of 7200 in accordance with the following puncturing pattern

SUBSTITUTE SHEET (RULE 26)



puncturing in accordance with the follow ng puncturing
pattern[ 10] The nethod of claim9, wherein the
woaeistiomwss of the puncturing parity bits are deCT/KR2009/000928
term ned consi dering connecti ons between punct ured
bits and non-punctured bits,gnd reliabilities of bits
that constitute a nodul ati on synbol according to the
nodul ati on schene. [H A nethod for encodi ng a channel
in a conmunication systemusing a Low Density
Parity-Check (LDPC) code, the nethod conprising:
punct uriing@ctokth ng=@d | KNedetr®@r ni wEd )wr(é.')t Ur iy | =(8)
patternbocd o the o i e—ahg
transm’tti%nq ednairlﬁ?é bi 's e clept fgr t he purctz%red 5
bits acdor®ng TE(UJ)t ha(liﬁoduﬂ(wbi oz(l@che;ﬁé) vieNgi n(dhem(17)
t he nodutattofr—schgrest+s OMt—an—tbPEtepde—wtth
codemrd?znq h?of E% 2ﬁd cm?i nfoer?rjati otr: Ienq?h 3f23
7200 i s [s@0BEE RN Oﬂ@thtﬂmlDrgn@@ ac(3) fdam@d Wi th | he
f ol | owi ngypUNCtHTT IO Pat 2 fheymethpd—qgf-—ctarm—
11, wher _11?]’ t wpojpnci??amqgf hgdp ng% ur | n% pdrity
bits are determ ned consi deri ng connections between

nct ur bits an ctured bits and
Lot e pites  RET [ H RS e Bont e P esw paplies dgtermines the
synbol dweisensiol @emencm@g mmmb@ﬁtqomdmamefcnpllﬂ]emmn
appar at Ysnétored Bitcaad horgpiic@iba BRSAndiréliaBiliEBIVIN GalcbMtate a

system L\ﬁédﬁﬁm@n %'9‘}%1 z@@&l&’ hé b tﬁ%bﬁatlgnqgc%lém§ LDPC) code,

2éhe appafatus ¢ tern applier
[20]or rep @@F’?‘“b@rF‘&PPW%CIBHFF&'LMOH@“&WW%%‘W ngg a Low-
parity dpansitycRarityeGipok (iDRE) tadet the appatass nomgrilingosi t i ons
altn :h fogﬁd&ﬁﬂgﬂawﬂ apﬂiutexﬁ:gy%kﬁmgg z@mhggg&téa?%g k@ prede-
uni | | X
punct ur ecft'rf)l%tg u%lccco g m?ased[qﬁngh%%cﬁxlla%? ’g%ﬁ%‘}na
[ 14] The EappRisdeUmitder t@nsammna g majtiyegr bitis pxcepidfor the punctured bits
pr edet eraedndidg ionheansdmlationscerl€t er m ned by dividing a

| engt h Cu/he}é}?wﬂe%rtﬁé ocﬂ atiSn Q:Kexﬁe FIE%AIM,Q% & %p‘émn pplier

group in %ﬁgrlt r|x par
clai m 13° ,pgp ’t“ﬁ 8“ 6‘& G Fedeg lﬁé‘tct’%er“f?r Bath @f 16200 and an
determ nefgnm'mep teoith 0HTRO0 m‘ acc¢réanpuw¢lt the follywigpubopurbigtpsttern

consi deNT gy CORECT T IEy PHHCF b w3) | wWE) | w7 | wE)
6 15 13 10 3 17 21 8 5
(9D w10y | w(11) | =(12) | =n(13) | w(l4) | =(15) | n(18) | =i
19 2 23 16 24 7 18 1 12
7(18) | n(19) | n(20) | w21 | n(22) | m23) | 7Zd)
20 D 4 14 9 11 22
[21] The apparatus of claim 20, wherein the puncturing pattern applier determines the

positions of the puncturing parity bits considering connections between
punctured bits and non-punctured bits and reliabilities of bits that constitute a
modulation symbol according to the modulation scheme.

[22] A method for decoding a channel in a communication system using a Low-
Density Parity-Check (LDPC) code, the method comprising:
demodulating a signal transmitted from a transmitter;
determining if there are any punctured parity bits in the demodulated signal;
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punctured bits and non-punctured bits and
reliabilities of bits that constitute a nodul ation
weyodab7aecor di ng to the nodul ati on schene. [ 18¢T/KR2009/000928
apparatus of claim 13, wherein when the nodul ation
schenme is 16-QAM the punctyying pattern applier
perforns puncturing on an LDPC code with a codeword
l ength of 16200 and an information |ength of 7200 in
accordance with the follow ng puncturing pattern [17]
The apparatus_of claim13, wherein when the nodul ation
schene idtegminingmpsitions ofthipungired gasis bishyipsipaing dpformation
per f or mmbputaeEhsutiring paterewhdnDiRE: oo prencurddipasity bsiandr d
I ength chcéaﬁ?gQQ eﬂga{apbmdagmhé cdufea% hefty Bits, 72001 n

A oppar et hE e P Sl e oS e

syst em (pgfterg obfainediby qbsidering a madulatipn@ewk. (LDPC) code,
[28]he apparteinethod @NFlAiSI2NEherdln WHEC dodévgd Rakth & 15260 Bh iRl

for pun %Maltlglgleggtﬁ gsr’/%b(p%ldtﬂ% l’l{i)()(ﬂ[aﬁglhgcﬁén% ?gj Q%llw %eu;{olsn?gns of

pattern ase

t ransmi <85 RIICITRg Parigy bits a5 04yl 849, Ay 19 2085, H|7f?g 21h; 1022, 12, 3, 16,
except 23514, A21plhdduiedl bits according to the

[2«?12 d l{IGat 104 nﬁsﬂﬁﬁ @Fcnglmr ﬁh&lfg?tﬁéeh z{] J&gevm?&i tehéth is0i8260; Be R
punct u % %' lgﬁﬁﬂ Bljé&%:%'gélp {aﬂmb%%é@&ﬁ S‘P ﬁ@h’gtﬂﬁ" Rgfitions of

16200 aﬁbp wcmﬂm@aﬁmbﬂéﬁwwew@;m 18£3. 7230 §, A We3.38dtnd4e 7. 18,
wi t h thd,inkbowmng, puncluri ng pattern[ 19] The

[29]I0I0ar at e?&et}ﬁh%f&hi‘nﬁzz Mk%x?{bg BJ}% Etﬂﬂﬁé%ln tﬂ%d?y% Blidlare

applier et er 0S|

parity kﬂete?"e ﬂ%‘i‘i“ﬁ @g@%‘l‘ﬁ’éﬁeﬁﬁ%mﬂ@ pfoppreured
bi t s andits el plinbilities efbitbihatcostichte embdibition synatml ﬁtfcoﬂdinl‘gso the
t hat congddulatiéesclei@dul ati on synbol according to the

2 dul at 'ﬁnn%ﬁ]%”?clalh?zg]fu@ﬁ‘ef aratus for encoding a

hannel Th a conmuni c¢ati on s?rg using a Low Density
Pari t y d%@eumv@s tHRtematitg parith gltwsﬁ* for the peenwped pAriphitsgre ad-
punct ur iditpngiit fuactared,piheh e nfu@ber PLME PArNY Bigs MLPIMEIUfRI TP not 2
accor di qﬂﬂ&rgegftggﬁ fqﬁ,gwhg%ngg tur| ng pattern based
tr

n the dul gtiop SC ansm ssion unit for
20 ansmi t q‘r"g ﬂg‘fl ‘Bl?ef‘gn whandhg medyfatiop, %Eﬂ}?ﬂ?t
bits ac @oozled‘iongleugth tsHé620Ppahdlinfoinatiorsiegtinis 7200, the mformatmn about
the puncturing pattern includes the following puncturing pattern

w0 | ) | w2 | @) | a | 2D | e | WD | w®)
6 4 13 9 18 8 15 20 5
D | 20 | wID [ n(12) | 7D | 74 | 15 | =(16) [ =(1D
17 2 22 24 7 12 1 16 23
(18 | n(19) | w20) | w21 | =22 | =n(23) | =(24)
14 ¢ 21 10 19 11 3

[28] The method of claim 22, wherein when the modulation scheme is 64-QAM, a

codeword length is 16200, and information length is 7200, the information about
the puncturing pattern includes the following puncturing pattern
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wherei n when the nodul ati on schene is 64-QAM the
puncturing pattern applier perforns puncturing on an
woDRG/1oode Wi th a codeword | ength of 16200 andPam/KR2009/000928
information [ ength of 7200 in accordance with the
foll owi ng puncturing pattern_[21] The apparatus of
cl aim 20, wherein the punct GPi ng pattern applier
deternmines the positions of the puncturing parity bits
consi deri ng connecti ons between punctured bits and
non-punctured bits and reliabilities of bits that
constit Ut et ul gt w@h pydoll aerdr N9 | tasy HEn7) | =(8)
nodul at i of—Sefefe: {,’;3’2] A rd"e* og— rlﬂcc b”‘Ing &
channel |if a tommuni &ati bl sy s$t n1usiZg 4 tow| Bens t@
garigyl-Ch_e;(ﬂa LRG) oQde;, #(Te | nel3dad nCi@hprasnrgn(is) | a(17)
enodul gtrgg—pstrofabstrensmiteg—fromeartypnsmtiefs
det erm J_r% i 2t)heremz;\re amv unct ur ed phrilffly bilts n12
t he dentded1& pdEDdnaotetn¥ | i@ |ped3) | or@ddf the
punct ur gdzgar |ty britg by qgfl 5T iulfu Iﬁi qr—abopt
a punctcing patterdn when thele ard puncturedlparitly

~J

bits; and decodi ng data using the positions of the
ncture ri bi t.s erein the information about
2Bha’ bk T PR ko dRoRRE « FRBteT o T e Briga -
obt ai nedPaw§itycksss-Eheck APRE) reslguthametbed enpipeising: [ 23] The
met hod afemethdating 2 2ignaMi@nstiitied Woa ttansaikemeiad | ength is
16200, [ f : 1 ' A e .
rodul at o i@ pBRdne Beou R pely % 4 Rl blfroggigrmined
punct ur iFHEFHERY i ts are 6, 4, 13, 9, 18, 15, 20, 5,
17, 2, 2herelrDwhed2 makiRlati® SCHﬁ)e_ d2@ymiteld byGhe l:iEiih,smittGr is 18-QAM,
iéaeabr[ fdmrmﬁ)e' S 1@gngfL§d;1@¢dr§b%§Pa 'on}dlﬂlgryga%lr If%%OOandan
I I n,. I . I,
7200 and” Pﬁ‘%%h%%ﬂ?‘%?? gzﬁgésce%‘g%eq‘g aﬁg’?"t@&ﬁﬁlw‘i"rﬁ‘g"g‘t"ﬂ"wmg
posi t i oM¥IHINgRUPB/nct uri ng parity bits are 6, 15, 13,
10, 3, I7xo¥1 1) D, T D 2B @0 ] 48 T om0 4 125
20, 0 4] 1 h™R 1 1 ) O e RS B o ®
wherein|tfie poditi ¢n¥ of | fhe pulfict yr&d phridty |b2@s @arse

det er m negos oNSi COLAET DEHWEET meigtedd
bits ang n%-pﬁﬂr(wf‘b? [e ) i;ﬂs" ’éh(‘]@%lig%’l t&f(fe% O?ﬂgltg(w)
t hat co_rsﬂtult@ a mothl gt Rbn syhbol| &&cof di ng |t 6 t hie 23
nmodul at Imﬁm‘mﬁ) TS Uh(z?jl “'1{&4%‘:’

further [coppri-sing:

47 [ 0 21 10 19 11 3

doa t + A

-

[30] The method of claim 29, wherein the positions of the punctured parity bits are
determined considering connections between punctured bits and non-punctured
bits and reliabilities of bits that constitute a modulation symbol according to the
modulation scheme.

[31] A method for decoding a channel in a communication system using a Low-
Density Patity-Check (LDPC) code, the method comprising:
demodulating a signal transmitted from a transmitter; and
determining positions of punctured parity bits according to a predetermined
puncturing pattern,
wherein when a modulation scheme determined by the transmitter is 64-QAM,
puncturing performed on an LDPC code with a codeword length of 16200 and an
information length of 7200 is estimated in accordance with the following
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determ ning that remaining parity bits except for the
punctured parity bits are ad ditionally punctured,
wohen/ s nunber of the parity bits for punctuPCTEKR2809/000928

not a nmultiple of the length of one columm group. [27]

The nmet hod of claim 22, vvheééei n when the nodul ation
schene is 16-QAM a codeword |l ength is 16200, and
information length is 7200, the information about the
puncturing pattern includes the follow ng puncturing
pattern [28] The nmethod of claim 22, wherein when the
nodul at |p9npngmaent®ms 64- QAM a codevvord Iength IS

16200, cIIH(Oj o LELLE ) | lﬁgbn 'TR )14 H( y i lcn.(lb-)ln Uhd—}ylt ] I
about tH \g patitern | ncl'udes the fol llow hg
punct urifn§ péﬁtlérn[Zbﬁ A 8t hp for dkcopitlg 4 Bhanndl
L0, COTRBY ORIy YA Uy LRI o) | 17

Parity-(‘hnr‘ ( the ad-comrisi NG
denodul 4t ihg |a%si ghat? t rlan€ni tgéd fr%m a| t¥Bangmi t t ef ;12

and det ¢r fimsy NGB $T ZEONS =@h) puRe)Ur edappri@dy (D1 TS
accor di ng—t-e—a—predet-erdi-ned-pupct-tpg-pat-t-erh;
wher ei n |wWh&n aom)dlhl%ltio %chbn‘dts ddt & i hedt by the
transmtter is 16-QAM puncturing perfornmed on an LDPC
code with a codeword | ength of 16200 and an o
[32Inf or natlibe methed gf drinB3 1.7pmeein de pasitionnefdhe punctyred parify hiteare
Wi t h t helefemhihedongdepivif Conviéckitgs Hamdebepuncuiidbitd el rivk {phmtured

of clal Buésha rm%gﬁles”oftbﬂ?th% Wbt )P 1B PR bt to e

parity bits are erm ned consi deri ng cornection
bet ween "HIHEERRCREM t s and non- punctured bits and
[33lel i abi |Antappaatos fobdecedinhathavphinta communigatipp gystent itsing a Low-

synbol asmafydang-tHect ﬂ@P@Qddeahé Spara@b Eoprising:l] A
met hod fodfemg&‘r‘é% f”:gde%eﬁu*]"’l{‘”e mﬁ trgnsa% g‘g}jf{‘o'(nﬁ%mg%e

system usin
t he net Rayn rpﬁ%qrﬁgstm'a@ mtﬁww Resigipgsnd the punctured parity
transm thitebly éstimatirg ihfommnsion dHoafl § puactdrikaiaaemiwhem there are

positio ngajre M{Seaq,dparl ty bits accordi ng to a
predeter C attern,
rodul at i ?ﬁc"?&%ﬁh@e ot R o ol F B Bynchpeoapy b,
64- QAM Vviharein the infagmpgionfabeutthd paretusing bBRM inoudes wipirtuing
codewor Ghatteeh ghtdinsdl by kOrieriAdfimadulation scheme.

[34] The apparatus of claim 33, wherein the positions of the punctured parity bits are

determined considering connections between punctured bits and non-punctured
bits and reliabilities of bits that constitute a modulation symbol according to the
modulation scheme.

[35] The apparatus of claim 33, wherein when the modulation scheme is 16-QAM, a
codeword length is 16200, and information length is 7200, the information about
the puncturing pattern includes the following punacturing pattern

@ | ) | w2 | 2B | w4 | w5 | W) | w7 | n@)
3 4 13 9 18 8 15 20 5
o) | w10y | w(i1) | w12y | w13y | w14y | w13y | w16y | a7
17 ) 22 24 7 12 1 16 23
w18y | n(19) | C20) | w21y | #22) | 7(23) | (24

14 0 21 10 19 11 3
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information I ength of 7200 is estimated in accordance

with the foll ow ngpuncturing pattern [32] The net hod
woRoml1arasy 31, wherein the positions of the puneCummto09/000928
parity bits are determ ned considering connections
bet ween punctured bits and ngn-punctured bits and
reliabilities of bits that constitute a nodul ation
synbol according to the nodul ati on schene. [33] An
apparatus for decoding a channel in a conmunication

stem uﬂaﬁtn a Low Density Parity-Check (LDPC) code,

e appa Barags,of cladip Ady whisreinaihsd theapestulation scheme is 64-QAM, 2
denodul atddagord lengdial 6200, andinfdrhatibn fiength if7200206 fifdrin@icn about

a punct Utht BehcRaihk BidRrmaadth &l
positi on B © Egltn(‘fllr dg@f_\hg?c:l{o\%ﬁngq)?& hy g@éﬂt&?n fing

i nf or mat %o)aioﬁ{]fa FRAct FKdhg BER t ErfowHer® her‘@)a% en8)

[

punct ur ed épariftys bift 332 apdica Jegode| ;01 |defodf g d
usi ng t hp—pasitiops-of—thepudctured parilty hits

wher ei n | A&7 i B et 76 bR t B 3pudbtni AgShptCd fh w17
i ncl udes| @9puncz uring3pat tern [ob4 ai hed DY ¢Sy deT T hoiz

a nodul atH-ensseherg—3é—The-rappar 33
wherein Fﬁg%()s’fq?)on%ﬂg? t %ﬁpuﬁ@%r 3Bar?I Phits are
det er mi nedCcons? derfi #ag cprect|i ons patwee nz:punlcturezl
bi t s and mom=punctured—bitts—and—r+ettabr+tt+es—of—bits
that constitute a nodul ati on synbol according to the
lagﬁdm at | Aagpaiegor dE&EﬂngIhﬁanﬁ&M@ﬁﬂh%ng%ti&l 518 Asing a Low-
erein: _Apdi Qn_schene i - OAM a
codewor dwflgl?}' %%ﬁf Esm OQ%%}%L.’gﬂ%i @ﬁ?‘%?ﬁ?g‘}si%ﬁ% this
7200, t ¥ eﬂ?g%e}?‘ﬁhfﬂ dimogplating asigmaldransmitied fiem p sranseiteer; and
i ncl udesa nmaamﬁlzg qatw:é gginptun wue&mgnipgpﬁmmi gﬁilhnéﬂ:ﬁ’ed parity bits
appar at Ucdfiing lod rmi ; [ e nodul ati on
schene i@he?e%rfﬁé:‘fe'\r/llma dcpg\e%v\lgﬁlgét?h%ﬁﬁej’s tﬂ116200, ~and
i nfor mat'1 on 1 ERGLH T4 2PIhehe{EeTRing baihe BrnsaBnls LHQAM,
punct ur i I¥ECtraRensHormed on arbRPE prlefwith|agadavgrglength off 626D and an
pat t er n ififdipatibn leagh af 003 ds@hareleia@cioRGné WilARO®lowilg @
comruni %B&%g%\é&]‘:n@m using a Low Density Parity-Check
(LDPC) code,_ the apparatus conprising: a denodul ator
for dengdff@at| M§la |st@hal HDans¥X tled@r dm@ [ o [ =(®

B-at t
5

t ransm trgr; pda PPttty ppiterg—es irm'tchE;cr
| b
accor di ng™®d b 10 Jer@nfi MEE) purEDUr nig) pat(t B Ni6) n(17)

—+

determ ning_ppsitiens_of| punciured |parit tg

17 2 22 24 7 12 1 16 23
w(18) [ n(19) | n(20) | =21) | w22y | n(23) | m24)
14 0 21 10 19 11 3

[38] The apparatus of claim 37, wherein the positions of the punctured parity bits are

determined considering connections between punctured bits and non-punctured
bits and reliabilities of bits that constitute a modulation symbol according to the
modulation scheme.

[39] An apparatus for decoding a channel in a communication system using a Low-
Density Parity-Check (LDPC) code, the apparatus comprising:
a demodulator for demodulating a signal transmitted from a transsitter; and
a puncturing pattern estimator for determining positions of punctured parity bits
according to a predetermined puncturing pattern,
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wherei n when a nodul ati on schene determ ned by the

transmtter is 16- QAM puncturing perfornmed on an LDPC
WOZHHEI07P8h a codeword | ength of 16200 and an PCT/KR2009/000928

information I ength of 7200 is estimated in accordance

with the followi ng puncturing pattern [38] The

apparatus of claim 37, wherein the positions of the

punctured parity bits are determ ned considering

connections between punctured bits and non-punctured

bits and ellalliti of bhits that nstitute a

modul at i 8 ereip BT 2 Bedtrin F@ePBd?‘W%gh%WW%MAM’

[ 39] An pysparriag pesfofrogd cas bBDPRgode wileawvdéward leagth of 16200 and an

CONMUNi CAtdrMRichY Sz B0 s@miteyin aRRRRhdeviffiahd folowing CK

(LDPC) c paratus conprising: a denodul ator
for dermg'ﬂ’?mfl antta'%&gnal transnmtted from a

transmit} ek® anmln jpuddt UraB)y {paid ef m@Bst|i migd of KOr | n(®
det er m NI PYsi§ T oS30 PTCtiugedpaEtty R tSig 5
according to a predeterpined guncturing

pat t er n, WMéPeil n*WPeh 781 Kl At|i o635 £ HEHR |detier hindesd | by(17)
mep—om %“12

the tranSmigt T @rz 1S (0643 QAM 1P UTICERETT g7 Per|f 9§
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