METHOD AND APPARATUS FOR CHANNEL ENCODI NG AND DECODI NG | N A COVMUNI CATI ON
SYSTEM USI NG LOW DENSI TY PARI TY- CHECK CODES BACKGROUND OF THE | NVENTI ON
1. Field of the Invention The present invention relates generally
to a comuni cation systemusing Low Density Parity-Check (LDPC) codes, and
in particular, to a channel encodi ng/decodi ng nmethod and apparatus for
generating LDPC codes of a particular type. 2. Description of the Rel ated
Art In wireless communi cation systens, |ink perfornmance
significantly decreases due to various-ncei ses in channels, a fading
phenomenon, and Inter-Synbol Interference (1Sl). Therefore, in order to
real i ze high-speed digital connunication S stens mhich reoU|re hi gh data
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to devel op technology Tor over ol ses, fading, and I S!.
Recently, an intensive study o EREETgiéa.féaﬁﬁgi -hg code has been conducted

as a nethod for increasing conmunication reliability by efficiently
recovering distorted i nf @ABKQROUND OFAHEDRG/ENHON typically
represented using a graph representation technique, and many
characteristics can be anal yzed through the nmethods based on graph theory,
al gebra, and pr db&kld of thetln¥entyon General |y, a graph nodel of channel codes
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i ncl udes 8nfoamkhebhe nodes xi (202), x2 (204), x3 (206), x4 (208), x5 (210),
x6 (212), x7 (214), and x8 (216), and 4 check nodes 218, 220, 222, and 224.
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entries in the rows of the parity check matrix H of FIG 1, which
correspond to the check nodes of FIG 2, coincide with their degrees 6, 5,
5, and 5. -3 In order to express degree distribution for the nodes
of the LDPC code, a ratio of the nunber of degree-i variable nodes to the
total nunber of variable nodes is defined as fi, and a ratio of the nunber
of degree-j check nodes to the total nunber of check nodes is defined as
gj. For exanple, for the LDPC code corresponding to FIGs. 1 and 2, f2=4/8,
f3=3/8, 14=118, and fi=0 for 3, 4; and ¢g5=3/4, ¢g6=1 /4, and gi=0 for .V5,




In Equation (1), as N increases, the density of I's in the parity-check
matri x decreases. Generally, as for the LDPC code, because the code | ength
N is inversely proportional to the density of non-zero entries, the LDPC
code with a large N has a very |l ow density of non-zero entries. The term
"l ow-density” in the name of the LDPC code originates fromthe
above-nenti oned rel ati onshi p. FIG 3 schematically illustrates an
LDPC code adopted as the standard technology in Digital Video
Broadcasting-Satellite transm ssion 2nd2generation (DVB-S2), which is one
of the European digital broadcasting standards. In FIG 3, Nl
denotes a length of an LDPC codeword, Kl provides a |length of an
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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 associated node in the parity-check matrix of the LDPC code. For example, in
FIG. 2, degrees of the variable nodes x; (202}, x, (204), x5 (206), x4 (208), x5 (210),
X (212), x7 (214), and xg (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 of 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 cormrespond to the check nodes of FIG. 2, coincide
with their degrees 6, 5, 5, and 5.



5 0 10 14. In other words, the ill' weight-1 position sequence in the
f line sequentially represents the information on the positions of rows
with 1 for the th colum group. It is possible to generate an LDPC
code having the sanme concept as that of a DVB-S2 LDPC code of FIG 4, by
formng a parity-check matrix using the information corresponding to the
detail ed exanple, and Rules 1 and 2. It is known that the DVB-S2 LDPC
code designed in accordance with Rule 1 and Rule 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 parity-check matrix wll be
descri bed bel ow by may of exanmp In the follow n descrlptlon as

a detail ed exanpgPeordgr EQ\/BXISESS_EIDFEI’@@(SH%UW&IW fer=the zowies -0 ddoP C\irdss0, and
=15 under ggiesofanc anaodi 60 d@gl@@a&&nal?mnm@v@meemﬁ nunmb@rdfatarabldmddes

h | h

(- k0 ar e ERel B &l %f’% S8 hufifogy of 06102 E%%%ﬂéfesqﬁ%é’%ﬁ@a#@ﬁ%es

parity bitef %lyﬂCkquéms d ed Péi g= Por IBXE:IHPNI feqrthg LDPC codgy egyresporhiag 1tDPC

fencoder o{ ﬁBIll}“zs I1hri11@1rlzrqt2w£8 O3, TV /Bhaidef, 20 :cf@rt 1H¥QC§'[ gdandga=30| gea/Qraayp
roma 1 O C r Se C

indicatin Jt rS { ?5%8&%%?‘??’%% g‘%ffg(}%ﬁgfg}?@ 3%%6 %21@3 @i@%ﬂl 4?597

2481 3369 @emngsode{pedzsRE)andwhen theaumipg)of zowe 4gdefimer( B0) /2 thed@isitr, : 10)

=1548, R, 80hom-zRB8&n1rRs=inl 48R0, erﬂr@ arlt Q@ck me{tﬁQ) havifg Sthe aﬁix(e9@}:%'ee248l
R 10) 3369 = 2622. value of R1Y' for

. Q) .= 3451

K :1,2,...?ﬁé§%E€TIS ﬁ%&}dﬁﬁ i EB%%%“@O PI 548 = PI548 8 tOPI 286 =
PI 286 €0, P3196 = P3196 (r)10 )P4297 - P4297 $10, P3369 -= P33698 i,
P345| a i0) 2ANTIFN+ALN 525

N-N/2 N

In Equation (1), as N increases, the density of I’s in the parity-check matrix
decreases. Generally, as for the LDPC code, because the code length N is inversely
proportional to the density of non-zero entries, the LDPC code with a large N has a
very low density of non-zero entries. The term “low-density” in the name of the
LDPC code originates from the above-mentioned relationship.

FIG. 3 schematically illustrates an LDPC code adopted as the standard
technology in Digital Video Broadcasting-Satellite transmission 2™ generation
(DVB-S82), which is one of the European digital broadcasting standards.

In FIG. 3, N; denotes a length of an LDPC codeword, & provides a length of
an information word, and (¥,-K,) provides a parity length. Further, integers M; and ¢
are determined to satisfy ¢g=(N,-K)/M. Preferably, K;/M, should also be an integer.
For convenience, the parity-check matrix of FIG. 3 is called a first parity-check
matrix H;.

th column

Referring again to FIG. 3, a structure of a parity part, i.e., K|
through (N;-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°.

In the parity-check matrix, a structure of an information part, 1.e., 0" column



6 P1613 - PI613i0 11460 = P1460 P2481 = P24818 to, P4620 = P4620 $i, (3)
P2622 - P2622 a i0 In Equation (3), p = p io can also be expressed as p,p,
8 io, and (1) represents binary addition. Step 3: The LDPC encoder

first finds out a value of Equation (4) for the next 359 information bits
i", (where n¥1, 2, ..., 359) after 10. {x + (in nmod M) x g}nmod(N, -= 360,
in=1,2,...,359 (4) In Equation (4), x is a value of RIT fork
=1,2,...,13. It should be noted that Equation (4) has the sane concept as
Equation (2). Next, the LDPC encodér perforns an operation simlar to
Equation (3) using the value found in Equation (4). That is, the LDPC
encoder updates nod Ail )xqglolod(NI -KA ) for i",. For exanple for nmel,

i.e., forttheoughRE, anl odemRfixwade vspddbefolvaring yulsst sn( x+q) m)d( N-K i)as
defined in Equation (5). Af Ps = Pis 8P2099 = P20998 il PI 628 = PI 628 a

P1563 = P1563 $JRl P! Sﬁlgeﬁeﬁl%g’sog toallaliail (%7}? WM coiumn groups by grouping K, columns

corresponding 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.

‘e . . th
Rule 2: It first determines positions of ‘1’s in each 0" column in i column
groups (where i=1,...,K,/M,). When a degree of a 0™ column in each /" column group
is denoted by D, if positions of rows with 1 are assumed to be R{), Ry, LSRG,

positions R™*(k=1,2,.., D) of rows with 1 are defined as shown in Equation (2), in a

™ column (where j=1,2,...,M;-1) in an ™ column group.

R¥ =R | +gmod(N, ~ K)),

k=12,..0, i=l.,K /M, j=l..,M -1

According to the above rules, it can be appreciated that degrees of columns

A

belonging to an i column group are all equal to D;.

As a detailed example, for Ny=30, K\=15, M;=5, and ¢=3, three sequences
for the information on the positions of rows with 1 for 0™ columns in 3 column
groups can be expressed as follows. Herein, these sequences are called “weight-1
position sequences”.

Ry =0, RIY =1 R =2,
RN =0, RSy =11, Ry =13,
R =0, RE =10, RY) =14

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:

012
01113



P3211 = P3211 a it,P4312 = P43] 211, P2496 = P2496 P3384 - P3384 $ 1i, P3466 -

P3466 a il )P4635 = P46358 P2637 - P26378 (5) It should be noted
that g=15 in Equation (5). The LDPC encoder perforns the above process for
m=l, 2, ..., 359, in the sane manner as shown above. - 7 - position
sequence | e2A (k =1, 2,..., 3) particular p.n.wherexis 1-2(x+(tn nod Ali
)xq }nod( NI -K1),= 361,362,.... next 359 information bits 661, i -362,

for a 361" information bit i 360, and updates a . The LDPC encoder updates
, 719 by simlarly applying Equation (430 the ., 619 after i3601.

Step 5: The LDPC encoder repeats Steps 2, 3, and 4 for all groups each
havi ng 360 information bits. Step 6: The LDPC encoder finally determ nes
parity bits usirdyl®4tation (6). p, = p, (1) p,-K-1 (6)

In other words, the /™ weight-1 position sequence in the ™ line sequentially

represents the information on the positions of rows with 1 for the /* column group.

It is possible to generate an LDPC code having the same concept as that of a
DVB-52 LDPC code of FIG. 4, by forming a parity-check matrix using the
information corresponding to the detailed example, and Rules I and 2.

It is known that the DVB-S2 L.DPC code designed in accordance with Rule 1
and Rule 2 can be efficiently encoded using the structural shape. Respective steps in
a process of performing LDPC encoding using the DVB-S2 based parity-check
matrix will be described below by way of example.

In the following description, as a detailed example, a DVB-82 LDPC code

with N1=16200, K,;=10800, M=360, and ¢=15 undergoes an encoding process. For
convenience, information bits having a length K, are represented as (iy,7,.,dx, 1)

and parity bits having a length (¥-K) are expressed as (py, Pseves Pu,-x,-1) -

Step 1: An LDPC encoder initializes parity bits as follows:
Po=P == Py g =0

Step 2: The LDPC encoder reads information on a row where 1 is located in
a column group from a 0™ weight-1 position sequence out of the stored sequences
indicating the parity-check matrix.

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

RY =0, R =2048, R =1613, RY =1548, R® =1286,
R =1460, R =3196, R =4297, Ry = 2481, R} =3369,
ROV =3451, R = 4620, R'Y =2622.

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



The parity bits p, of Equation (6) are parity bits that underwent LDPC
encodi ng. As descri bed above, DVB-S2 perforns encodi ng through the
process of Step 1 through Step 6. In order to apply the LDPC code to
t he actual comrunication system the LDPC code shoul d be designed to be
suitable for the data rate required in the comunication system
Particularly, not only in an adaptive comruni cati on system enpl oyi ng Hybrid
Aut omati ¢ Retransm ssi on Request (HARQ and Adaptive Mdul ati on and Codi ng
(AMC), but also in a comruni cation systém supporting vari ous broadcast

servi ces, LDPC codes having various codeword | engths are needed to support
various data rates according to the systemrequirenents. However, as
descri bed weve! Rfidon/oP2eslde used in the DVB-52 system has only two types
of codeword | engths due to its limted use, and each type of the LDPC code
needs an i ndependent (Barity-che_gk rix. For these reasons, there is a
long-felt need i THeTart fdresia fieehide For SApporti ng vari ous codeword

| engt hs to increasge=extengi i+ y.a00.f lpexi-bild ®y,.of the system
Particularly, in the DVBy52 syst ransm ssj ony pf data havi nggysever al
hundreds to thou@éfﬁasdaééf%gi té“”i’s?)(hr‘}é’e%éa 8t ?f“ﬁnr%ﬁi ssion of si g;r%al i ng

i nformati on. I-bvxlé;%eF,Pszbé@ausiémoﬁWsaﬁ?i’RO%mﬁPﬁa@@ are avail able for a

| engt h of the DVﬁlaszz,J,;J;)?R@Gcode, there is a still a need for - 8 - support
of various codeword [ éngths. I n addi tion, because storing an

i ndependent parity-check matrix separately for each codeword | ength of the
LDPC code reducds EdmtiondBhl I, mendry efif dlsd decsxpressed @si g, & tehandnidsP a
schenme capabl e of .efficiently supporting various codeword | engths fromthe
gi ven exi sfFP’f?écfgﬁPfWY 8ﬂ‘§g@’rrat rix, wthout designing a new parity-check
matri x. SUMVARY OF THE | NVENTI ON Accordingly, the present invention
has been desi gnegef 9: PRALEFT ahcddepsitst fings PupRvele dEljuationi($pfy aind agas and
to provi dmt. %eastt. tl?)et adxapt aggé gscg@zd S rel ow. An aspect of the
present i mrEnRTBMALON{EIs dp SYPHE ™S bitanm Al&%ong/ decodi ng met hod
apparatus for generating LDPC codes having different codeword | engths from
a given LDPC %@dgnm@simgxghﬁba(aqug),oM]pwmtLmizng,.i.,5%1 comuni .cat{(#pbn system
enpl oyi ng LDPC codes. Anot her aspect of the present invention is to

provi de a channel encodi \?03/ decodi ngj met hcg_ and azpar atus for guaranteeing
the optimal per fodimuatenii.ir regaelictdf BBIEX akéhilbedt shald degnoted that
conmuni catg on .S m.usin S I n accordance with an aspect
of the pr&Mloﬁ%&ﬁsﬁgﬁ,S%hgggceﬁ)gqgrﬁg\%%%%(a' nmet hod for a channel encoding
in a conmunication systemusing a LowDensity Parity-Check (LDPC) code. The

(rjret hod i ncl udes Iﬁ%&,&h@}lmm_eﬁcmffo%s @ﬂrdpbmti@)intsﬁmﬂ@f topBaqedtion (3Y _J.lsingb_

et er m ni a_nunber of parid | s ed. o mghgb p its
for punct 38? né’,angacé?uBfl tlﬁe‘bp%ﬂa 19@! Eﬁ seg gf@ ﬁééf%me %lc%gagfd%(g‘s at
a predet er Ai-neduinbetval), [dnth- FOREAMAY érm"flp $1 oA BF SV ThEMRUSer of
parity bi typdates parid, gitg)rﬁ{gg)tms(r}vrﬁxpeg iRd iefEqpatibh yshit sets to be

punct ur ed. i accord&nce' With another aspect of the present
invention, there is provided an apparatus for a channel encoding in a
comuni cati on sygtemuBing @kowle @S|t pLarpl.yPGheck (LDPC) code. The
apparatus includes a pu urjng. pat ggrn,appljergfor determ ning a nunmber of
parity bits for ‘pifthc thzi%;]F’, [Jd“é't e?‘r’ﬁ'ni lﬁgp'élJ?n Her I'bf parity bit, sets based
on the nunber of2paFifty Bit PudioT PpurfBturhag” Peadiof the parit{bit sets
being fornmed by parkty bbts apredet 51 Aed i@t erval, and puncturing
parity bits base@%gﬂi&dé,}- %shé‘é r’?%ﬁc’be? of@pari twy bit sets and a

pr edet er m ned orider dkepafity bit sets to be punctured. In accordance with
anot her aspect of the present invention, there is provided a nethod for a

channel decodi ng, éﬁb@%?j’%m%@%@'ﬁﬂéﬁ%ﬁﬁ% tlt}b%i . RhkQUHPENSkbderi FdMrsCheck

(LDPC) code. Thé Tret inc ) ng signal transmtted froma
transni t t éhe abpsieararessilr pedi 2i on 3P RiBhasIBR IHNNEHES PIAVER 8RVE- parity bits
by estimating information about a predeterm ned order of parity bit sets to

b d the [ ' \ odi d £ h
postti on | nf or nttro 3F 0 RepuARe PR Bhgodff e o, RERb IR RBLTS, o

of punctured parity bits conprises determ ning a nunber of parity bits to
be punctured, and determ ning a nunber of parity bit sets to be punctured
based on the determ ned nunber of parity bits to be punctured, and
acquiring a predeterm ned order of parity bit sets. I n accordance

w th anot her aspect of the present invention, there is provided an
apparatus for a channel decoding in a comunication systemusing a

Low Density Parity-Check (LDPC) code. The apparatus includes a denodul ator
for denodul ating a signal transmtted froma transmtter, a puncturing



The above and ot her aspects, features, and advantages of the present
invention will becone nore apparent fromthe follow ng detail ed description
when taken in conjunction with the acconpanying drawings in which: FIG 1
is a diagramillustrating an exanple of a parity-check matrix of a length-8
LDPC code; FIG 2 is a diagramillustrating a Tanner graph for an
exanpl e of the parity-check matrix of the length-8 LDPC code; - 10 - FIG
3 is a diagram schematically illustrating a structure of a DVB-S2 LDPC
code; FIG 4 is a diagramillustrdting an exanple of a parity-check
matrix of a DVB-S2 LDPC code; FIG 5 is a block diagramillustrating
a structure of a transce(ik)ver i n a conmuni cag‘i.o‘n system, usi ng IaDP odes;
FIG 6 is Ros#icngpeavensd Rst(atli hg 81 fHsd 38xarPIosmRHER L1 &nad ot pk‘f%é‘g(?fr?ng is
appl i ed tgpeh-h&fl&xD\f’ﬁogod%vr@f-e FIG & g  Fhe 71DP@ diepssdin i hipystesat ing
a second exanple ere non-random puncturing.is appli.ed to the IZL&EC ode of
FIG 4,  Phsmmdih GimoBv s & P &goam-i11PubY rsaflilﬁéy #PPh{1Pg HBN dAhig rtae
non-rando urd ng. ied to the C code of FIG 4; FIG 9
is a fIo\/\/(:ni}ﬁ'?flrtl?glé WBQ ?té(?rll ﬁg@a’i“ﬁé?ﬁéd ?’%?ﬁgg??gr ating an LDPC code with a
different codeword length froma parity-check matrix of a stored LDPC code
accordi ng to an SgbadiTmnLDPC theder esgiats Sreperlt,i hingnd 4 for alFp@upi®ack a
flowchart ;) L i C decodi ng nethod in a reception apparatus
when a punﬂcvhr#gs%%@%lg ?%E?[rbnll_tg%éppl i ed, according to an enbodi nent of the
present invention; FIG 11 is a block diagramillustrating a
structure of a tSigneNTESLDPaRdat isalhhddtewsiass pIRG Wodeng Bowdticnh(6).he
puncturing and shorteni ng proposed by the present invention is applied; and
FIG 12 is a block diagrami] us&raki ng a structuri of a reception

appar at us that w&s”[3DRa: cigtles 8 Wwhi ch t he punctu ‘if))ng and shortening

proposed by the present invention is applied. Thr oughout t he

drawi ngs, the s dr aw ref erence. nuperal s _w.l | d fer
to the same ele tg‘f‘r?tp’eﬁg%?éso aﬁﬂluagltoflu@u?lgs?arﬂﬁﬂaﬁ%é@Dﬁ%ﬁ%}h Ej@ﬁ
PREFERRED ¢EVBUDENVENTS Enbodi ments of the present invention will now

be described in detail with reference to the annexed draw ngs. In the

cont i gur at i ons. PRREHPEH 88 e PEr A SFESH R BeliinbaRilel PEMERS: fStong

conci senesisthmtiezh $tapidc i ncl usi on m ght obscure appreciation of the

i nvention by a person of ordinary skill in the art.

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 (AMC), but also in a communication system supporting
various broadcast services, LDPC codes having various codeword lengths are needed
to support various data rates according to the system requirements.

However, as described above, the LDPC code used in the DVB-S82 system
has only two types of codeword lengths due to its limited use, and each type of the
LDPC code needs an independent parity-check matrix. For these reasons, there is a
Jong-felt need in the art for a method for supporting various codeword lengths to
increase extendibility and flexibility of the system. Particularly, in the DVB-S2
system, transmission of data having several hundreds to thousands of bits is needed
for transmission of signaling information. However, because only 16200 and 64800
are available for a length of the DVB-S2 LDPC code, there is a still a need for



The enbodi nents of the present invention provide a nmethod and apparatus for
supporting LDPC codes having various codeword | engths using a parity-check
matrix of a structured LDPC code of a particular type. In addition, the
enbodi nents of the present invention provide an apparatus for supporting
vari ous codeword | engths in a conmunication system using LDPC codes of a
particul ar type, and a nethod for controlling the sane. Particularly, the
enbodi ments of the present invention provide a nethod and apparatus for
generating an LDPC code using a parity-dheck matrix of a given LDPC code,
the generated LDPC code being shorter in length than the given LDPC code.
FIG 5 is a block diagramillustrating a structure of a transceiver in a
comuni cat Suposhftvarous Fod DR rgtivs Referring to FIG 5, a message
uis input to an LDPC encoder 511 in a transmtter 510 before being

transmtted to ver, 530. The LDPC enc n
reasage  and ditBHTLSE heRaike HBEng Ay mAORRER PAdn MERE ARat G sty
nodul at or BrIaghdodewed lehgtheridbelédd gﬂ@ﬂ reducemthetovenalnemariefiodueat ed
si gnal st otheheist £aemygd f&BQ sElY&he @alym@bﬁéisﬁcﬁamwahpp%zﬁn Aaﬂsa@dwea:&&ﬂ 531

in the rec r t he. received sign and out S

dermodul at SPERGEI A1 B et tspe qagbuap it S Mhoub ugd Bl B4 3l va s
an esti mat¢lwekwaditis. u of the nmessage based on the data received t hrough the
wi rel ess channel 520. The LDPC encoder 511 generates a parity-check
matri x according to a code mruni cati on system
using a preset schene. Par%l\ggﬁ&bﬁ%%gﬁ§ﬁgmoh an enbodi nent of
the present invention, the LDPC encoder 511 can support various codeword

| engt hs using tb@ccleRPQggp@}?e wegélﬁqhvémnmafs&h%@ @dft@radaﬁt@s; bt RA the

st orage |nfo accor di nent. of t.he I ﬁsent

i nvention,P {’G;g}sha‘&d/ i dﬁ%}ﬁfﬁ?ﬂag% ag rﬁoowvb‘i?déaé?ad d’tdﬁén'lﬁ%ss dgser
short eni ngbetl@&hﬁnqlapecarm(ﬂ/lm pespuinoventiongistte phowidea. chfﬁheelteencndrhgldwcodm'gng
techni que’ m@t%oHs EQ @'f@r rﬁﬁrtl SL@P@E&JEQQ Hal%ﬁ{ @ﬁ?@reﬂpkom%laﬁh%@ﬂsl y

transmt a, speci.f C codeword after, generating.the LDPC
codewor d f aagiﬁ?lil/ P? f‘e&ﬁ%g FIERAE O PURCRBING; IR 3fpryapRis H‘i"h@yﬁ_%ﬁc
encodi ng. dheplogingd . [DBCaiodes. determi nes that the non-transmtted - 12 -
part was erased. For a better understandi ng of the puncturing
techni que, a parjty-check matrjx of the DVB-S2 LDPC code il |l ustra

FIGs. 3 and 4 wANoHE d8Best ki he REFSeNtgpyetiaRe| w0 provide Rég&ﬁ“ﬁil??d t he
pari ty- chemkodinpfdexodihg tthethBWBn82ppbFafis frdepuiakdrisding e optimel GerfGmartcs
total |en r f t| on
bits (to, %l@hie} N%to b@;ﬁr lsgaag %8??%2“%%85 to ngtﬁlskﬁgw)glﬁpgrr)(?tcga

(po, p,,, PN - KH) General ly, the puncturing techni que can be appl i ed
to both the inf O ratodandd hathamd akpeet pArthe prédehs inAlntioap giert e pparidédiai ng

tech h o]

tﬁg Bhﬂgfu@%}ﬁag %1 % a{a%%i QH?&ﬁlggqﬁoaUS% n(lgyrtl% t%’gﬁé}ﬁqu go%cr |l%&g Eer ein
above, doé°§1%€11|eplﬁilp§ Pgaicode. Bie @aﬂmddm:lad%ii FLUMINKE %)E}H@tbG? pheatits bitsi que
i's a met hqgdr p@ctsiing detdratiningangibé: cbeaa@ﬂybitmtsajase@bﬁrtﬂahumhebbfparay a

parti cul agm[gafol% @Incg*err}\er Bt gg @%EHCFS%&IE{)} Bit ssq?s %}g ?(%rrn%%eb éarﬁgnbl i the

correspon ansm s 1n Np
predef i necPi%g%‘ﬂmlb@l% intarval, q&ﬁ@mcéldlﬂ&ﬁ@ﬂtﬁ N!LS &@P@: \Ab‘tn@i?el ﬂfé’aﬁﬁhbtturl ng
t echni que segRn@bt@edetthginedRd& Jfarkit@bitlsbBtio ®BtpanoRGedy transnmitting a

I ength-(Ni -N) LDPC codeword. Because colums corresponding to the bits
punctured in the parity-check matrix are all used intact in a decodi ng
process, the puhtgeaordgncestithiagoder espiics of thetpreswvhinrrationofheenisgrovide

tefchm q;le an ap paratfi¥iribher chmréﬂ[c@@m 11{:3 Qec%rﬁ)»fﬁﬁﬁéd@l%n b}@e@ﬁs&m@sﬂ Loon

I NnTornmat | ur S a e snhar

nformati ¢ o L he, RinclUfedupi T ganhe RPERER, RelgRs' 3wty SR0FDe, ™
may mer el yp@rader dﬂexmomg@spmnmlncg’ puite bils éot hincsiringeflgemidegodiyrgber of
I'n the puRghyHinG:d BRANLAYR n@ﬁ%%?aﬁt |t§@%hpmct@1n%0%mffdhé fty bR&ets

transmtt actual lly transmts | ti,on word
5 Const afring Teetied DTS e B R AR Sk DU Pt 0A B PBat e
than the first given code rate KL/NL. - 13 - 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, conpared with the normal LDPC
code, the DVB-S2 LDPC code is able to undergo nore efficient shortening and

punct uri ng. For convenience of this exanple, it is assuned that a
codeword |l ength and an information length of an LDPC code are N2 and K2,
respectively. . If a definition of N -N2=NA and KI-K2=KA is given, it is

possi _bI e to‘_gener_atlg t he LDPC_ cople whose. codevv_ord !gn_g_th and _i nf or rrati on



K- K Ais generally different fromthe code rate KI/Ni of the DVB-S2 LDPC
code, NI- NA its algebraic characteristic changes. For NA= KA the LDPC
code is generated by not perform ng shortening and puncturing or by
perform ng only shortening. Wth reference to FIG 4, a detailed
description will be made of characteristics of a DVB-S2 LDPC code to which
parity puncturing is applied. It is to be noted that for the DVB-S2 LDPC
code of FIG 4, N1=30, Ki1=15, ML=5, and g=3, and a weight-1 position
sequence for 001 colums in three columg.groups are as follows: 012 0 11
13 0 10 14 An 1t hwei ght-1 position sequence in an ith colum
sequentially represents the informati on on the positions of rows with 1 in
an i1 col WRB GHBYRS parity bit sEls@nd B piede@rntihagorm oflfatist ringcistg ba piigtged.exanpl e
where random puncturing is applied to the LDPC code of FIG 4. Because the
parity bits punctured in FIG 6 are subjected tq erasure %_roces,si n daé a
decoder, theaguondanceedithagnatherppgpsct @5&%%%@% AAVEH, e 50RO e

3i Ls, are fehodr fale Ehdrhed deesdiag mane _601inl’mf|r@cmi_lmﬁ_n‘lyse‘:fnﬁ esing A Ianzmn@igy

ecodi ng oce a de _ . : rhismittae

ot her bt o adtse) LHRO.RE” ThETREnAT Mdd Hleniddtle s SRASTHOm IS, |
in reliabifromys transmiter, detenisives Ié‘?SltWibkﬂfa“H@éor”e‘é’;s@ei E?Prtcﬂlée?)é’ﬁf‘ﬁ’r R@%E@

| pr Ovem%‘nésti%iai‘ftﬁ%tin]fd%niah@n@@_@@ﬁ@ @defepméssl oribeotigaitgasiesdnta ibzpwtﬂrfﬂ mance
i mprovement effect i s re. si.gnifi Ny : ohlof
connect ed ?r@e@’ﬁélumbteéo B?fékyﬁt?lgﬁet%r?%? hrgé"@ﬁ 2\@ o _épé{}}eggosgggﬁ%}‘ Ma@ . In
FIG 6, fothcepanglied @atth bits oF hat dasernsninge MOFkOPoRdi A qgeq e fitim i s
directly g qgegcae%é}g{ihﬁgwﬂghw@g@fwip pithitd bevpoeturad Samd ﬁﬁbnnng’; en bit
correspondi ng, to rd.co s direct Qi t qearity
bit once, BHIPHM gﬂﬁ{it?’,?flbﬁ‘ﬁiig?? h?‘l pBme{:%ir%/ae‘o’ggo%ﬁ |%§%%éoﬁl$%é§?ﬁlﬁggll gfrrg iltg
directly coitnedteaumcbirthensarguinngd prdeteymbiod arfeled RAHBESIUSER: t hi s case,

the 31, Oh, and 801 information bits are superior in the performance
i nprovenent effect in order.in the decodi I : Ot . idaghen
the degrees of tAGCHHARRET Fithe %ﬁép%cgﬁ’ii%‘f I%gg_@ﬁ%%rﬁleoglf Hﬁ\%\{%é%@?girermnce
i npr overrenin ebpaatusi forl overanael th@dnmbera ePmkEnIeHHie SYEHpBHES éd’g;ﬂ ts
i ncreases. i - PR Ghat edhbr aipadiGs ifcluldad o kemodulator 6ér
punct ur ed I|o)grrlsll ypg#hs%\%llpg# ar e)egctfect |y ééj(?r?ntgcrt %%ﬁgtlﬁﬁxﬁiﬁ'ﬂﬁi@@i@i&n
word by t heerRadiHaiing adgnal ity pulted em p 3R SRV el 0P there is a
hi gh pr obabit iféyddtaninired paditibn tiyfoonater bf ithe prkiuredrPasity basby ejteRAtng

random I'n, ~ i d SYieF BRbLATY BittsetsTRYbg@hnctured and the
hi gher - t halrﬁl?éllgl%gle()\gp@%?gc#ﬁgeldgte e y ;

Si i1 cantupber 6 MERKE  HbdeRadiivon, SFRIEE o SSHORCTI By paps arn

|l ead to congbaheitan! ef ithe quumlcantd yaoity thie. diei diferminngfposhioni af @P%@F%ﬁ

bits in thSarﬂ?CBﬁ’é WGP REESRtermining a number of parity bits to be punctured, and
determining a number of parity bit sets to be punctured based on the determined
number of parity bits to be punctured, and acquiring a predetermined order of parity

bit sets.

BRIEF DESCRIPTION OF THE DRAWINGS

The above and other aspects, features, and advantages of the present
invention will become more apparent from the following detailed description when
taken in conjunction with the accompanying drawings in which:

FIG 1 is a diagram illustrating an example of a parity-check matrix of a
length-8 LDPC code;

FIG. 2 is a diagram illustrating a Tanner graph for an example of the parity-
check matrix of the length-8 LDPC code;



FIG 7 is a diagramillustrating a second exanpl e where non-random
puncturing is applied to the LDPC code of FIG 4. Mre specifically, a
relatively non-random puncturing pattern of a particular type is applied in
the exanple illustrated in FIG 7. Referring to FIG 7, even though
the relatively non-random puncturing pattern is applied, the connections
with the information bits may be irregular according to the correspondi ng
puncturing pattern. The non-random puncturing pattern of FIG 7 nay be nore
irregular conpared with the random punetwring pattern of FIG 6. In case of
the LDPC code wth a parity-check matrix having a particular - 15 -
structure like the DvVB-S2 LDPC code, the connections between the

i nformation bit$16nd it hdiggaamisghtshaticaPyilesirasineacorginggiddVReS pERRGr i ng
pattern cagmpdee si gnr ficantly changed. The enbodi nents of the present

i nvention sugge puncturr n ttern that vi des_st abl.e e

per f or mance by el I%/dé%%‘ﬁe‘g@ls%ﬂiqghén eg(plglé)gq ?rat gy 58 Iﬁqggbﬁgfl fity of
the infor nﬁNiHaS%er%C cade;:he decodi ng process using the structural
characteristics gf; tSh‘if‘s QVBroeR &1@§Qn‘2q{1§s‘aatmg a sthldmre8of & &afldcRBlcdNn a

illustrating a thir random puncturing is applied to the
LDPC code Qﬁnrpp@catjfon Wﬁ%ﬁéﬁg}}%ﬁﬁ%ﬁ@ B (1 G 8, a puncturing pattern that
mai nt ai ns a condl&né is ntdagam dhusBatieg wdent pxmnpldr\ehtelpaandqm iunstupagadase a

value q is, g%hem%}l@p@%d@fof@p@ @onstr tuent variables, is appli ed to the
parity-che I een,in FILG each

X Jl.lustrated i
of all infornat }deh tj % § LIEHaR I‘@u%@ﬂﬂgc?e%?CPBgzeW@F uP B HPY; raitdor
The irr eguimciuringbetppled tothe pURE vodeobFKs 4and i nformation bits is

remarkably T educ;q@ V@‘e@ Ehﬁtd RERT MdlsuRghyesniiie RURpldNQHeRahbh Y¥amidrs 1S
set according to th H@%ﬂg tg %&d(? qtl structure of the DvB-S2 LDPC
code. Thi PUEUBEEEAP Gthed FOFef & to FIG 3. Referring
to Rules |and 2Fa6d9 H Gflo8.chae glwstiangge @anethod Ifonpergrating apbBIPG ok with1l ' s
in the fi réhhf?&éﬁ”@odé%&rﬂeleﬁg{hr %Hf'&dlé C&Jreemgrr Br del@fdl NHIOoHEONS

of "1's in the.remal nin (g r ows erelrslocatedrnthe

r emai ni ng 3EPIGHREIOAT $raPodgaE P thsyp IQS%FQ‘T%FIQHN q froman index of a row
where 1 is | ocafd@. 10id helowahatt 1d:1uhtmrtng amLD?g}’;tddcddmgrmhjﬂhmﬂ (M\Br&Eptiomher e
NI denote n

i nformati gaﬁﬁalaﬂ'%%ﬁgr% @%é’k‘gr g ‘?MV% lflt”cehé I% \ﬁga}mﬁé eﬁ}goa?gé&odgfattl gd in
two consedWeSCPRIVEPUMNS in a parti cul ar col um group differ fromeach other
exactly by q, f®IGNDdisl0blodlt didkram illustratiipot dtencteiearfactarsngtsion appdrhies

DVB- S2 LDRC,C i L n J i e
pari ty- ohdil 8 LDPE D BPe, ?ASW&‘ ARG M ApbReing PRpbid b HOF
of a Iommlﬁﬁenhﬁ’dﬁnﬁ@ﬂ HeaDilie V\m(i:h 1 exists in all of diagonal parts, and

in this structuFeG apid khvlpek idiaprmtillesa@gpandactoe 'of'a feeeptli@d apparasus 1t | |

row. Due ttﬁatt Hs%tsls F‘EI UL dls fd]%lﬁgﬁ §he Zaﬁl'ngtu?{n tgrgd Q}{ rté%n %)888%613 apsum ng

- 16 - th pari uncturngrs
repeat ed @X%@m VlVaﬂfi(i)fhtSe&RPélleé of q, the nunber of edges of information bits
connected to the parity bits punctured in a particular colunmm group is
regular to the nos ssum.n h t

punctured for lﬁ‘fo thgﬁg(%{i?t ‘{rfl ﬁﬁ%gﬁnte 8’@5’\{ %é l%?eer&g%te?gg{ne}%gn\% fur%(%d for
05 k<M Uadellshlfodrtmefemo Biet s m@n’ﬁnﬁ?@ﬂé‘ds ard sthectutgsparity bit indicates
that '1' exists in an ith row for a colum corresponding to the

oxi sta in the MERATEEE BENGRIPSION HrCpR R R OIS on b
which is separated by k fromthe above information bit anong the colums in

a col utm group BeHYdHkhBEstET tﬁulp@esﬂenamczﬁubﬁ will ﬁtswaoereésuhbed t:heetanf@rtﬂatl on
bit is con%gct ed t he Bunctur ed gkltg? é‘-tg d he DVB- ﬁt% LDPC
code, becAUSENEEglEE® ofINGFa s & O8N Mg ‘tSS“B 11)11,' A SeEPfon
wor ds ar e despuigitionoo® &ohwat ﬁmrcuoms and @@lﬁgmrmtgmwpcamraine henein| wey leve 1°

|t or et | B e e B s T e
nunber of aBWﬁEF’gPBd’f@P‘T B‘Veﬁ*ﬂ%g@'drf?rs%%tl gnH}?g%P#&fEtﬁ%F en the punctured
bits and the information bits becone regular, so that stabilized decodi ng
can be expected in the decodi ng process. A general process for the
application of the above-described puncturing scheme can be summari zed as
follows. In the followng sunmary, it is assuned that N1 indicates a |l ength
of an LDPC codeword, each columm group has ML colums, and Np parity bits
are subjected to puncturing. The follow ng puncturing process is
illustrated in FIG 9. More specifically, FIG 9 is a flowhart
illustrating a method for generating an LDPC code with a different codeword



Puncturing Step 1: A transm ssion apparatus generates, in step 901, an
exi sting DVB-S2 LDPC codeword that has or has not undergone shortening. -

17 - which it will perform puncturing, in step 903, and calculates A =
where Lx] is the maxi muminteger which is less than or equal to x. N A
in step 905, Puncturing Step 3: The transm ssi on apparatus

determ nes parity bits p,o ,p,to be subjected to puncturing for 05x<A and
05 ix<q in step 907. It is assumed that for 0..x<ci, values of I were
previ ously determ ned considering the pgrformance (herein, a relationship
of /1.54 is given). Puncturing Step 4: The transm ssi on apparat us
applies puncturing to all parity bits p,,,pp" for 015 7(41 and Ck<M in
step 907. Here, the constant B is a preset non-zero integer.

Puncturing Step . Jhfodih %ﬂ&%ﬁ%%e@eﬂp%@wgn@gvmwaﬂe{%dm&waeaughe
parity bit , /co? i'n ste reafter % | gsion

appar at us FéHEiPﬁlf@gﬁrl?g e@é@@bmai"’@lg Y%@”ﬁlﬁ%‘?%’ gt Pﬂngtae?)al&éf
It can be mager stoodudtinad iDPChedpwiatpariiadaptypeebsaddiidn,ghe |etr;b0dlltl%ﬂtar e

punct ured dfﬂC}r pﬁ%gﬁf ﬂ%eﬁESH éflo@ﬂ%t gﬁ'p rb%b%&ra'tﬁbg foal gﬁpﬁortlﬁé‘dva(rm'spt':\@d)emﬂ' ty

bits are pun unct ur a tot
parity bi ti§ngibs iy %WBW@@UOM)@@“{ HENg \}ésgé iqﬁgg: chnoademﬂa%ﬁ rtaﬂ%nﬁftdt &d
after und&h@(hbdgfd: heomtmnﬁglruhegsauae r eoeptiacly, dixpanahadimenst of dbe gpresardi ved

signal toits off E%We r%@ﬁ’xl gt ﬁ{fgﬂhrﬁ’tug%P% %&aﬂ§g%§ﬁﬂﬁ@ko&é |dsn%ea

described i'n nDre ["owl n
det ai : ed é;aaﬁwc Beek mat%oﬁéﬁéwrbh@mb?f’ ek genergls érlg]t)gﬁ‘@ﬂﬁ}eﬂ?g fqu’ O

punct ur i ngnpéRge sisancthe Biveet UDPAodeep 3 through Puncturing Step 5. The
DvBS2 LDPC co e used herein is a code with N1=16200, K1=3240, ML=360, and

g=36. ngle of Puncturjng Step 1:. A transm ssi n apﬁarat us.
generates the e>F ihds BvBlEH é@B@%dHéWﬁtﬂl& ﬁa%tr‘llfé‘éleoP YO ShdEr one

shor t eni ngonfNaMRhEorPiysRA ekingi INMYPStcede?: The transm ssion apparatus
determ nes a
Referring to FIG. 5, a message # is input to an LDPC encoder 511 in a
transmitter 510 before being transmitted to a receiver 530. The LDPC encoder 511
encodes the input message u, and outputs the encoded signal ¢ to a modulator 513.
The modulator 513 modulates the encoded signal ¢, and transmits the modulated
signal s_to the receiver 530 over a wireless channel 520. A demodulator 531 in the
receiver 530 demodulates the received signal r, and outputs the demodulated signal x
to an LDPC decoder 533. The LDPC decoder 533 estimates an estimation value u

of the message based on the data received through the wireless channel 520.

The LDPC encoder 511 generates a parity-check matrix according to a
codeword length required by a communication system, using a preset scheme.
Particularly, in accordance with an embodiment of the present invention, the LDPC
encoder 511 can support various codeword lengths using the LDPC code without the
separate need for additional storage information.

In accordance with an embodiment of the present invention, a method of
supporting various codeword lengths uses a shortening technique and/or a puncturing
technique. The term “puncturing technique™ as used herein indicates a method that
does not substantially transmit a specified part of an LDPC codeword after
generating the LDPC codeword from a given particular parity-check matrix by
performing LDPC encoding. Hence, a receiver determines that the non-transmitted



N length Np by which it will perform puncturing, and cal cul ates A =, where
LH - 18 - is the nmaxi muminteger which is less than or equal to x.
Exanpl e of Puncturing Step 3. The transm ssion apparatus determ nes parity
bits p,,,,p, , to be subjected to puncturing for Ox<.Al and 051, <36. For
05. x<36, values of ix. are selected as foll ows using the connections

bet ween the punctured parity bits and the parity bits and the density

evol ution anal ysis nethod considering the case where the asynptotic

performance i s excellent. 27, 13229, 32, 5, 0, 11, 21, 33, 20, 25,
28, 18, 35, 8, 3, 9, 31, 22, 24, 7, 14, 17, 4, 2, 26, 16, 34, 19, 10, 12,
23, 1, 6, 30, 15 In the above sequence, an xth weight-1 position
sequence gorrespondsl.to a value of ix for 0x<36. Exanpl e of

Puncturing Step 4. The transm ssi on apparatus applies puncturing to all
parity bitsfor and, 0 k<360.. Here, a.va

Exanpl e of Punc&%h ﬁ)@ttg;( uidasstandine Of thsRtlelyiing &fﬁﬁ%‘ﬂg?iﬁp@f}ﬁpﬁhgégm]% 'y
punct ur es (fathetYVBi$3 I)PC €36¢ iflustraddck il F13603 and 4 will bet desanbesk iupwe st ood
from Examl£g1 géiofuncturing Step 1 through Puncturing Step 5 that the
puncturing pattern can be defined accurately when the nunber NT, of bits to
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K1=3240, Mx360., /4=36)G ouping of parity Defl ne a set satisfying the
fol l owi ng characteristics for

Generally, the puncturing technique can be applied to both the information
bits and the parity bits. Although the puncturing technique and the shortening
technique commonly reduce codeword lengths, the puncturing technique, unlike the
shortening technique, described herein above, does not limits values of particular bits.
The puncturing technique is a method for simply not transmitting particular
information bits or a particular part of generated parity bits, so that a receiver can
crase the corresponding bits. In other words, by simply not transmitting bits in N,
predefined positions in a generated length-N; LDPC codeword, the puncturing
technique can obtain the same effect as that obtained by transmitting a length-(¥,-N,)
LDPC codeword. Because columns corresponding to the bits punctured in the parity-
check matrix are all used intact in a decoding process, the puncturing technique is
distinct from the shortening technique.

Further, according to the invention, because position information for 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.

In the puncturing technique, because a length of a codeword that the
transmitier actually transmits is Ny-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,.

A description will now be made of a shortening technique and a puncturing



- 19 - bits 0j<q=36: Pj-{pktij nod The set P, is 36,05 1(<12960}. a set
havi ng 360 parity bits as its entries. Puncturing Method Range of Np
0 -  Np<12960 For an integer in = Np , puncture all of parity bits 360
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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 shortening and puncturing.

For convenience of this example, it is assumed that a codeword Iength and
an information length of an LDPC code are N and K, respectively. . If a definition
of Nj-Np=N,, and K|-K,=K,, is given, it is possible to generate the LDPC code whose
codeword length and information length are N, and K, respectively, by shortening
K4 bits and puncturing N, (=N K 4) bits from the parity-check matrix of the DVB-S2
LDPC code. For the generated LDPC code with N4>0 or K >0, because its code rate
—]]\{]‘ *ff‘“ is generally different from the code rate K;/N, of the DVB-S2 LDPC code,

174V
its algebraic characteristic changes. For N, = K, the LDPC code is generated by not

performing shortening and puncturing or by performing only shortening.

With reference to FIG. 4, a detailed description will be made of
characteristics of a DVB-S2 LDPC code to which parity puncturing is applied. It is
to be noted that for the DVB-S2 LDPC code of FIG. 4, N,=30, K|=15, M;=5, and
=3, and a weight-1 position sequence for 0™ columns in three column groups are as
follows:

012
01113
01014

An ™ weight-1 position sequence in an " column sequentially represents the
information on the positions of rows with 1 in an ™ column group.

FIG. 6 is a diagram illustrating a first example where random puncturing is
applied to the LDPC code of FIG. 4. Because the parity bits punctured in FIG. 6 are
subjected to erasure processing at a decoder, the punctured parity bits, compared
with the other non-erased bits, are not greater in a performance improvement effect
in an LDPC decoding process, causing a decrease in reliability. Consequently, the
other bits directly connected to the punctured parity bits, which are low in reliability,



corresponding to in parity bit sets P,.,(0), P"(1), ..., P7,(;"

addi tional ly puncture (Np-360nm) parity bi(t)s am)gg) t he ,parii§/7bi_tl)s, and
corresponding to P700. Here, it indicates a permutation function that is a
puncturing pattern, and parity bits corresponding to parity bit sets are
shown at the bottomof the table. 7(0) 7(1) 7c(2) 7(3)

_14-

also suffer from a decrease in the performance improvement effect in the decoding
process. The decrease in the performance improvement effect 1s more significant as
the number of edges directly connected to the bits punctured on the Tanner graph is
greater.

In FIG. 6, for example, a 0" information bit corresponding to a 0" column is
directly connected to the punctured parity bit twice, a 3" information bit
corresponding to a 3™ column is directly connected to the punctured parity bit once,
and an 8" information bit corresponding to an 8" column is directly connected to the
punctured parity bit three times. In this case, the 3 0" and 8" information bits are
superior in the performance improvement 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 is lower as the number of the connected punctured
bits increases.

It can be appreciated from FIG. 6 that the number of punctured parity bits,
which are directly connected to each information word by the random puncturing
pattern, is random. Therefore, there is a high probability that reliability of each
information bit will also be random. In other words, while some information bits
may gain higher-than-needed decoding performance, other information bits may
suffer significant performance degradation. This random puncturing pattern may lead
to considerable irregularity of the reliability of the information bits in the decoding
process.

FIG. 7 is a diagram illustrating a second example where non-random
puncturing is applied to the LDPC code of FIG. 4. More specifically, a relatively
non-random puncturing pattern of a particular type is applied in the example
illustrated in FIG. 7.

Referring to FIG. 7, even though the relatively non-random puncturing
pattern is applied, the connections with the information bits may be irregular
according to the corresponding puncturing pattern. The non-random puncturing
pattern of FIG. 7 may be more irregular compared with the random puncturing
pattern of FIG. 6.

In case of the LDPC code with a parity-check matrix having a particular



7(4) 7(5) 7(6) 7(7) 7c¢(8) 27 13 29 32 5 0 11 21 33 7(9) 7(10) 7(11) 7c(12)
7(13) 7c(14)

- 15 -

structure like the DVB-S2 LDPC code, the connections between the information bits
and the parity bits punctured according to the puncturing pattern can be significantly
changed.

The embodiments of the present invention suggest a puncturing pattern that
provides stable decoding performance by maximally suppressing the irregularity of
the reliability of the information bits in the decoding process using the structural
characteristics of the DVB-S2 LDPC code.

FIG, 8 is a diagram illustrating a third example where non-random
puncturing is applied to the LDPC code of FIG. 4. In the example of FIG. 8, a
puncturing pattern that maintains a constant interval of 3 between punctured parity
bits because a value q is 3, which is one of the constituent variables, is applied to the
parity-check matrix illustrated in FIG. 4. As can be seen in FIG. 8, each of all
information bits is equally connected to 2 punctured bits.

The irregularity between the punctured bits and information bits is
remarkably reduced when the interval between the punctured parity bits is set
according to the value of ¢ due to the structure of the DVB-S2 LDPC code. This is
better described with reference to F1G. 3.

Referring to Rules land 2 and FIG. 3, regarding each column group,
positions of ‘1’s in the first column in the corresponding column group determine
positions of *1’s in the remaining columns. Indexes of rows where 1 is located in the
remaining columns differ exactly by a multiple of ¢ from an index of a row where 1
is located in the first column, in regard to modulo (N,-K), where N, denotes a length
of an LDPC codeword and K indicates a length of an information word. More
specifically, indexes of rows where 1 is located in two consecutive columns in a
particular column group differ from each other exactly by g, for modulo (N-K).

Another characteristic of the DVB-S82 LDPC code lies in a submatrix
corresponding to the parity in the parity-check matrix. Referring to FIG. 3, the parity
part has a structure of a lower triangular matrix which 1 exists in all of diagonal parts,
and in this structure, an " parity bit corresponds to ‘1° located in an /" row.

Due to the structural characteristic of the DVB-S2 LDPC code, assuming
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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 regular to the utmost. For example,
assuming that an /™ parity bit is punctured for 0si<g and an (i+kg)" parity bit is
repeatedly punctured for 0<k<M;, an information bit being connected to the " parity
bit indicates that ‘1’ exists in an /" row for a column corresponding to the
corresponding information bit. Therefore, it can be understood that *1° exists in the
(i+kg)" row in a column corresponding to an information bit which is separated by &
from the above information bit among the columns in a column group according to
Rule 1 and Rule 2. As a result, the information bit is connected to the punctured

(i+kg)™ bit.

For the DVB-$2 LDPC code, because degrees of variable nodes
corresponding to all information words are equal to each other in one column group
and one and less of ¢17 is distributed in one row, when the puncturing pattern is
applied, the information bits corresponding to one column group are connected o a
same number of punctured bits. Therefore, the connections between the punctured
bits and the information bits become regular, so that stabilized decoding can be
expected in the decoding process.

A general process for the application of the above-described puncturing
scheme can be summarized as follows. In the following summary, it is assumed that
N, indicates a length of an LDPC codeword, each column group has M; columns,
and N, parity bits are subjected to puncturing. The following puncturing process is
illustrated in FIG. 9.

More specifically, FIG. 9 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.

Puncturing Step 1: A transmission apparatus generates, in step 901, an
existing DVB-S2 LDPC codeword that has or has not undergone shortening.

Puncturing Step 2: The transmission apparatus determines a length N, by
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P

e o N, | .
which it will perform puncturing, in step 903, and calculates 4 = [I/I_J in step 905,

1

where | x| is the maximum integer which is less than or equal to x.

Puncturing Step 3: The transmission apparatus determines parity bits
Py Dy by, 1o be subjected to puncturing for 0<x<A4 and 0<i,<g in step 907. It is
assumed that for 0<x<g, values of i, were previously determined considering the
performance (herein, a relationship of 4<q is given).

Puncturing Step 4: The transmission apparatus applies puncturing to all
parity bits p, ,, for 0sx<4 and 0sk<M, in step 907. Here, the constant B is a

preset non-zero integer.

Puncturing Step 5: The transmission apparatus additionally punctures the
parity bits p, ., for 0Sk<N,-AM, in step 907. Thereafter, the transmission

apparatus transmits bits except for the punctured bits in step 909.

It can be understood that in the puncturing process, AM; parity bits are
punctured in Puncturing Step 3 and Puncturing Step 4, and (N,~AM)) parity bits are
punctured in Puncturing Step 5, resulting in a total of N, parity bits being punctured.
As to the DVB-S2 LDPC codeword transmitted after undergoing the puncturing, a
reception apparatus restores a received signal to its original signal through a
decoding process that will be described in more detail below referring to FIG. 10.

The following detailed example will be described for a better understanding
of the puncturing process of Puncturing Step 3 through Puncturing Step 5. The DVB-
$2 LDPC code used herein is a code with N;=16200, K,=3240, M,=360, and g=36.

Example of Puncturing Step 1: A transmission apparatus generates the
existing DVB-S2 LDPC codeword that has or has not undergone shortening.

Example of Puncturing Step 2: The transmission apparatus determines a

N
length N, by which it will perform puncturing, and calculates A= {—A}iﬁj , where |x |

1



19 10 12 23 1 6 30 15 As anot her enbodi nent of the puncturing steps,
the puncturing pattern shown in Table 2 can be determ ned for a DVB-S2 LDPC
code with N1=16200, K1=7200, ML=360 and g=25. Major variabl es of DVB-S2
LDPC code N1=16200, K1=7200, M =360, =25 G ouping of parity bits Define a
set Pi satisfying the follow ng characteristics for 0"<j<q=25: PTIPki lc.]
nod 25, 01c<90001. The set P1 is a set having 360 parity bits as its
entries. Range of |V
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is the maximum integer which is less than or equal to x.

Example of Puncturing Step 3: The transmission apparatus determines parity
bits p,,p,...p, 1o be subjected to puncturing for 0<x<4 and 0<i<36. For
0<x<36, values of i, are selected as follows using the connections between the
punctured parity bits and the parity bits and the density evolution analysis method
considering the case where the asymptotic performance is excellent.

27, 13,29, 32,5,0, 11, 21, 33, 20, 25, 28, 18, 35,8, 3,9, 31, 22, 24, 7, 14,
17,4, 2,206, 16, 34,19, 10, 12, 23, 1, 6, 30, 15

In the above sequence, an x" weight-1 position sequence corresponds to a
value of i, for 0<x<36,

Example of Puncturing Step 4: The transmission apparatus applies
puncturing to all parity bits p, .5, for 0<x<4 and 0<k<360. Here, a value of B is sct

ol

Example of Puncturing Step 5: The transmission apparatus supplementally
punctures parity bits p, ., for 0<k<N,-360-4.

It can be understood from Examples of Puncturing Step 1 through
Puncturing Step 5 that the puncturing pattern can be defined accurately when the
number N, of bits to be punctured, sequence information defining values of i,, and a
value of ¢ are known.

When all parity bits of the DVB-S2 LDPC code applied to Examples of
Puncturing Step 1 through Puncturing Step 5 are represented as (Po, P1, P2s -+ » P12959)
the examples of the puncturing steps can be summarized as shown in Table 1.

Table 1

Major variables of
DVB-S2 LDPC code
Grouping of parity | Define a set P, satisfying the following characteristics for

N1=16200, K,=3240, M=360, g=36




Punct uring Met hod
parity bits 360

20 - 0 N, <9000 For an integer In = N" puncture all

corresponding to mparity bit sets Pit(0),

Po) ,

Picon-0, and additionally puncture (N)-360m parity bits among the
parity bits corresponding to Piroo. Here, IT indicates a pernutation

function that is a

219 -
bits 0<j<g=36:
P={p; | k=j mod 36, 0<k<12960}.
The set P is a set having 360 parity bits as its entries.
Range of N, Puncturing Method
0< N,<12960

N .
For an integer m = E?’E)—J , puncture all of parity bits

corresponding to m parity bit sets Pray, Prilys wvos Prim-13s
and additionally puncture (N,-360m) parity bits among
the parity bits corresponding to P

Here, 7 indicates a permutation function that is a
puncturing pattern, and parity bits corresponding to patity
bit sets are shown at the bottom of the table.

(0) (1) 1(2) 7(3) m(4) 7(5) T(6) 7(7) 7(8)

27 13 29 32 5 0 11 21 33

%) | n(10) | n(11) | ®(12) | n(13) | =(14) | =(15) | 7(16) | =(17)

20 25 28

18 35 8 3 9 31

r(18) | =(19) | m20) | =21) | n(22) | n(23) | =(24) | m(25) | m(26)

22 24

14 17 4 2 26 16

27 | n(28) | =(29) | =(30) | n(31) | m(32) n(33) | =(34) | m(35)

34 19 10 12 23 1 6 30 15

As another embodiment of the puncturing steps, the puncturing pattern
shown in Table 2 can be determined for a DVB-S2 LDPC code with N;=16200,

K=7200, M,=360 and g=25.

Table 2

Major variables of
DVB-82 LDPC code

N=16200, K,=7200, M,=360, g=25

Grouping of parity
bits

Define a set P; satisfying the following characteristics for
0gj<¢g=25:

P={pi| k=j mod 25, 0<k<9000}.

The set P; is a set having 360 parity bits as its entries.

Range of N,

Puncturing Method

of



puncturing pattern, and parity bits corresponding to parity bit sets are
shown at the bottomof the table. 740) 7(1) 742) 743) 744) 745) 71(6) 747)
7c(8) 6 4 18 9 13 8 15 20

=20 -

0 N,<9000 For an integer m = [—%SJ , puncture all of parity bits
corresponding to m parity bit sets Py, Pr1y -o» P13
and additionally puncture (V,-360m) parity bits among
the parity bits corresponding to Py,

Here, n indicates a permutation function that is a
puncturing pattern, and parity bits corresponding to parity
bit sets are shown at the bottom of the table.

20 | D) | 2@ | 7@ | a@ | m5) | w6) | (D) | w(8)
6 4 18 9 13 8 15 20 5
2(9) | =(10) | n(11) | n12) | 7n(13) | =(14) | #(15) | n(16) | w(17)
17 2 24 10 22 12 3 16 23
7(18) | m(19) | =(20) | =(21) | ®(22) | ~(23) | w(24) - -

1 14 0 21 19 7 11 - -

As described above, the embodiments of the present invention can apply the
efficient puncturing technique capable of stabilizing performance of the DVB-S2
LDPC code using the structural characteristics of the DVB-S2 LDPC code, instead
of applying an arbitrary puncturing technique or a simple regular puncturing
technique that is commonly used for puncturing of the DVB-S2 LDPC code.

Referring again to a method for determining order of the bits punctured in
Puncturing Step 3 for the DVB-S2 LDPC code, the method determines order of the
punctured bits by using the density evolution analysis method and a cycle analysis
method on the Tanner graph.

The puncturing technique contributes to an increased code rate because it
changes a length of the LDPC codeword and also decreases the codeword length
without changing a length of the information word. Therefore, the puncturing
technique and also the shortening technique can be applied together to obtain the
code rate and codeword length needed in the system.

As described above, when the codeword length and the information length of
the LDPC code that the embodiments of the present invention intend to finally get
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from a given LDPC code with a codeword length N and an information length K,
using the shortening technique and the puncturing technique are denoted by N, and
K>, respectively, if a definition of Nj-N,=N, and K|-K,=K, is given, the LDPC code
with the codeword length N, and the information length X, can be generated by
shortening K, bits and puncturing N,(=N,-K,) bits from a parity-check matrix of the
LDPC code. For the generated LDPC code, puncturing and shortening lengths can be

set considering N, and KK, , because its code rate is KoKy for Ny>0 or Kx>0.

1 A 1 A

FIG. 10 is a flowchart illustrating a reception method in a reception
apparatus according to an embodiment of the present invention.

Referring to FIG. 10, the reception apparatus determines (or estimates)
puncturing/shortening patterns from received signals in step 1001. Thereafter, the
reception apparatus determines in step 1003 if there are any punctured or shortened
bits.

If there are no punctured or shortened bits, the reception apparatus performs
decoding in step 1009. However, if there are shortened or punctured bits, the
reception apparatus delivers the puncturing/shortening patterns to an LDPC encoder
1160 in step 1005.

In step 1007, the LDPC encoder 1160 determines that punctured bits are
erased bits and determines that probability that values of shortened bits will be zero
(0) is 1. Thereafier, the LDPC encoder 1160 performs decoding.

A detailed example of a transmission apparatus for implementing the
puncturing process of the DVB-S2 LDPC code is illustrated in FIG. 11. More
specifically, FIG. 11 illustrates a block diagram of a structure of a transmission
apparatus that uses punctured/shortened LDPC codes according to an embodiment of
the present invention.

Referring to FIG. 11, a transmission apparatus includes a controller 1110, a
shortening pattern applier 1120, an LDPC code parity-check matrix extractor 1140,
an LDPC encoder 1160, and a puncturing pattern applier 1180.



7419) 7420) 7421) 7422) 7423) 7424) - - 1 14 0 21 19 7 11 - - As
descri bed above, the enbodi nents of the present invention can apply the
ef ficient puncturing technique capable of stabilizing perfornmance of the
DVB- S2 LDPC code using the structural characteristics of the DVB-S2 LDPC
code, instead of applying an arbitrary puncturing technique or a sinple
regul ar puncturing technique that is conmonly used for puncturing of the
DVB- S2 LDPC code. Referring again to a nmethod for determ ning order
of the bits punctured in Puncturing Stepp 3 for the DVB-S2 LDPC code, the
met hod determ nes order of the punctured bits by using the density
evol ution analysis nmethod and a cycle analysis nethod on the Tanner graph.
The LDPC code parity-check matrix extractor 1140 extracts an LDPC code

parity-check matrix that underwent shortening. The LDPC code parity-check matrix
can be extracted using a memory, can be given in the fransmission apparatus, ot can
be generated in the transmission apparatus.

The controller 1110 controls the shortening pattern applier 1120 to
determine a shortening pattern according to an information length, and the
shortening pattern applier 1120 inserts bits having a value of 0 in positions
corresponding to the shortened bits, or removes columns corresponding to the
shortened bits from a parity-check matrix of a given LDPC code. The shortening
pattern can be a shortening pattern stored in a memory, generated using a sequence
generator (not shown), or acquired using a density evolution analysis algorithm for a
parity-check matrix and a given information length.

The LDPC encoder 1160 performs encoding based on the LDPC code that
underwent shortening by the controller 1110 and the shortening pattern applier 1120.

The controller 1110 controls the puncturing pattern applier 1180. The
puncturing pattern applier 1180 determines a number of parity bits to be subjected to
puncturing, divides the parity bits at predetermined intervals to determine a number
of puncturing bits, which are subjected to puncturing within the predetermined
interval, determines positions of puncturing parity bits corresponding to the
determined number of puncturing bits within the predetermined interval, and
repeatedly performs puncturing on the puncturing parity bits corresponding to the
determined positions at the predetermined intervals.

FIG. 12 is a block diagram illustrating a structure of a reception apparatus
according to an embodiment of the present invention. More specifically, the
reception apparatus illustrated in FIG. 12 receives signals transmitted from a
communication system that uses DVB-S2 LDPC codes that underwent puncturing or
shortening, and recovers the data the user wants, from the received signals.

Referring to FIG. 12, the reception apparatus includes a controller 1210, a
shortening/puncturing pattern decision/estimation unit 1220, a demodulator 1230,
and an LDPC decoder 1240.
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The LDPC code parity-check matri x extractor 1140 extracts an LDPC code
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reception appaiatus may carry ouf pattern determination or estunatxon on the
shortening first, perform pattern determination or estimation on the puncturing first,
or make pattern determination or estimation on both the shortening and puncturing.

The LDPC decoder 1240 performs decoding on the assumption that both the
probability that the punctured bits would be zero (0) and the probability that the
punctured bits would be 1 are equal to 1/2. Because the probability that values of the
shortened bits will be zero is 1 (i.e. 100%), the LDPC decoder 1240 determines
whether or not it will allow the shortened bits to take part in its decoding operation
depending on the value 1 of the probability that the shortened bits would be zero,

When the LDPC decoder 1240 gets information on a length of the DVB-S2
LDPC code shortened by the shortening/puncturing pattern decision/estimation unit
1220, it restores the user desired data from the received signals.



The controller 1110 controls the shortening pattern applier 1120 to
determ ne a shortening pattern according to an information |ength, and the
shortening pattern applier 1120 inserts bits having a value of 0 in
positions corresponding to the shortened bits, or renoves col unms
corresponding to the shortened bits froma parity-check matrix of a given
LDPC code. The shortening pattern can be a shortening pattern stored in a
menory, generated using a sequence generator (not shown), or acquired using
a density evolution analysis algorithmfor a parity-check matrix and a

gi ven information | ength. The LDPC encoder 1160 perforns encodi ng
based on the LDPC code that underwent shortening by the controller 1110 and
t he shorteni ng gabtetha texppmissionld@@ratus illustrFted inddEr ALl Brean PERPSAIREHES t he
puncturi “%hB@&E%Bn@xﬂpgﬁﬁer%& d iEife RIPAE SEE BOIRALDPCTLrROAN FIG0LH3Ahe

determ nes a nupber of “parity bits to. | to puncturi I v des
the pari t yPUicfwing isgeaioemed # HEPTRTGaEh € mfér%cﬂ@@l Qciﬁ”ﬁngé’%%gfi i
punct ur i ngthbiréseptivhiapparans iButijaeat md-iG 12y tet LDPaglospddr IR40mbopldagetize ni ned

nrerval . GRLGLMCASH MRS k}%éﬁ@fa@-lﬁnr%&gf{hwhaﬂemgité YndRelie G8EdRSPAOLHIY. t O

t he det ermned nunber u ts withinthe predeterm ned interval,
and repeatedly perfornms puncturing on the puncturing parity bits
correspondi ng t AA¢ he apetentrifived thosforégrisg atestiipgtiqr, ethet enhddowninoérinal s.
FIG 121 SpI@Sé:Ht gjﬁgerﬂlo%%ﬁ{ngﬁ%érgt%t5%%1)5&%&3%?515@%5% Qvith @JIRGERT EQUword
apparatus according to an, odi nment”, of t glgresent |nye@£|on. Nbr e..

speci fi calleyetht peng datsmpEan H5n dica PHaly-¢hegk A By 2vsn FPENe) SPIPRVDIGREen
signal s tr@nem tHaedsdsrapm.APCwoduni cat i on system that uses DVB-S2 LDPC codes
t hat underwent puncturing or shortening, and recovers the data the user
wants, fromthe received signals. | eferring to,FIG, 12, the reception
appar at us i ncl ud8s agdigions rth¢ | enbedimenty afhdhe ePleRgt p IIMERHPT n§AhQREFIFC

deci si on/ gsdriorBiahefofitictD Y R292 L DR owdiubatenlch2gdpurandrian LDPC decoder

1240. -23 - The denodul ator 1230 receives and denodul ates an LDPC
code that underwent shortening, and delivers the de dulgﬁed sjgnal to the
shor t eni ng/ punctWhilg gheppresart invagios; ks/hespisharnmduss e Byt Fa T HEC PP
decoder 124fbodiments thER@fShorilieb nadenaidusy migoseadkiléedirddri sit dhdtestriovat i on

unit 1220, ,under.centrol,qf th ontr e . I Lt es)
infornatidﬂmﬁgﬁhy}(ﬁgl%ﬁ%@gﬁp?%5%b$ég%%%ﬁ%ﬁ%ﬁég%ﬁ?@é?%ﬁ%?ﬁggﬁﬁggg§%ggg from
t he denpdungtsedpe el presond inveniioe as dplired by the appsndes ¢18M%f t he punct ur ed
and shortened bits to the LDPC decoder 1240Determ ning or estimating the
puncturing/shortening patterns in the shorteni ng/ puncturing pattern

deci sion/estimation unit 1220 can use puncturing/shortening patterns stored
in a nmenory, can generate puncturing/shortening patterns using a previously
i npl enent ed generation nmethod, or can obtain puncturing/shortening patterns
using a density evolution analysis algorithmfor a parity-check matrix and
a given information | ength. The LDPC decoder 1240 performs erasure
processi ng on the punctured bits and perforns decodi ng thereon.

Further, when the transm ssion apparatus applies both shorteni ng and
puncturing, the shortening/puncturing pattern decision/estimation unit 1220
in the reception apparatus may carry out pattern determ nation or
estimation on the shortening first, performpattern determ nation or
estimation on the puncturing first, or make pattern determ nation or
estimation on both the shortening and puncturi ng. The LDPC decoder
1240 perforns decodi ng on the assunption that both the probability that the
punctured bits would be zero (0) and the probability that the punctured
bits would be 1 are equal to 1/2. Because the probability that val ues of
the shortened bits will be zero is 1 (i.e. 100%, the LDPC decoder 1240
determ nes whether or not it will allow the shortened bits to take part in
its decodi ng operation depending on the value 1 of the probability that the
shortened bits would be zero. When the LDPC decoder 1240 gets
information on a length of the DVB-S2 LDPC code shortened by the
shorteni ng/ puncturing pattern decision/estimation unit 1220, it restores
the user desired data fromthe received signals. -24 - From t he
transm ssion apparatus illustrated in FIG 11, it can be appreciated that
the shortening is performed in the input stage of the LDPC encoder 1160 and
the puncturing is perfornmed at the output stage of the LDPC encoder 1160.

However, in the reception apparatus illustrated in FIG 12, the LDPC
decoder 1240 should receive information on both the puncturing and the
shortening to nake the decodi ng possi bl e. As is apparent fromthe

f oregoi ng description, the enmbodiments of the present invention can



- 25 - CLAIMS . A nethod for channel encoding using a Low Density
Parity-Check (LDPC) code, the nethod conprising: determ ning a nunber of
parity bits for puncturing; determ ning a nunber of parity bit sets
based on the number of parity bits for puncturing, each of the parity bit
sets being forned by parity bits at a predeterm ned interval; and
puncturing parity bits based on the nunber of parity bit sets and a
predeterm ned order of parity bit sets to be punctured. 2. The net hod of
claim1l1, wherein the predeterm ned orde?>of parity bit sets is determ ned
as 6, 4, 18, 9, 13, 8, 15, 20, 5, 17, 2, 24, 10, 22, 12, 3, 16, 23, 1, 14,
0, 21, 19, 7, 11, when a codeword length is 16200. 3. The net hod of
claiml, wherein the predeterm ned orde f §rity bit sets is determ ned
as 27, 13, 29, 32, 5, 0, I I, 21, 33, ingQ@E-ZB, 18, 35, 8, 3, 9, 31, 22,
24, 7, 14, 17, 4, 2, 26, 16, 34, 19, 10, 12, 23, 1, 6, 30, 15, when a
codeword length is 16200. 4. The nmethod of claim1l, further conprising:
addi tional |y puhch orethng fpaghabnel bidosingmsing a lvev-DendierPaoity-CheckgdiRG) cpda s f or
puncturinq iseggh a nyhttple of the length of the one parity bit sets.

5. The netﬁ%gl 3???&??% further conprising: transmtting remaining bits,
eXﬁgpt f?r tmgmﬁugﬁgumeﬂb&kﬁ$ﬁﬂgdﬁmgmthauﬁﬁghgd oflclain1l, wherein the
nunber of parity bit sets is being detern ne y bel ow equation N A= -

TS her e Adcterfipas e o s ke ot e asss o) egéwgerf@rpaw Py Mg eRpe
de”Otes_tQﬁd?&ﬂﬁ@?mﬂ§bR%&k%&nEm&ﬁmﬁQ?;ﬁHﬂﬂﬁﬁ%tBﬁmd&é%ﬁﬂgﬂﬁkﬁﬁﬂiﬁﬁ | engt h of
one parity bit sets.” 7. The nethod of claim6, wherein the parity bit sets
are formed byunsélriow pedivdtiisdrsd@pen the plmbe=wf pasidy it ses andk amredetoraineg geder ' h

parity biHﬁ%g&nwﬁ%wgqggég&mﬁwggngth of an LDPC codeword,

2. The method of claim 1, wherein the predetermined order of parity bit sets is
determined as 6, 4, 18,9, 13, 8, 15, 20,5, 17,2,24, 10,22, 12,3, 16,23, 1, 14,0, 21, 19, 7,
11, when a codeword length is 16200.

3.  The method of claim 1, wherein the predetermined order of parity bit sets is
determined as 27, 13, 29, 32, 5, 0, 11, 21, 33, 20, 25,28, 18, 35, 8,3, 9,31,22,24,7, 14, 17,
4,2,26,16, 34,19, 10, 12, 23, 1, 6, 30, 15, when a codeword length is 16200.

4.  The method of claim 1, further comprising:
additionally puncturing parity bits, when the number of the parity bits for puncturing is

not a multiple of the length of the one parity bit sets.

5. The method of claim 1, further comprising:

transmitting remaining bits, except for the punctured bits.

6. The method of claim 1, wherein the number of parity bit sets is being determined by

below equation

a=| X
-4




K1 denotes a length of an information word, M denotes the | ength of one
parity bit sets, qis a value satisfying q = (N1 - K1)1 M, where KIIM is
an integer, and 0 j < g. 8 The nethod of claim7, wherein: all of parity
bits corresponding to A parity bit sets P7(0), PxopPx(A.r) are punctured,;
and additionally (Np- 360 A) parity bits anong the parity bits
corresponding to Pito) are punctured. 9. An apparatus for channel
encodi ng using a Low Density Parity-Check (LDPC) code, the apparatus
conpri si ng: a puncturing pattern.zpplier for determ ning a nunber of
parity bits for puncturing, determ ning a nunber of parity bit sets based
on the nunber of parity bits for puncturinqd each of thg parity bit Sﬁts
bei ng f or medwhsre paddanpies Hietingher af prrdy Sfteei eﬂﬂﬁh¥@gv%ifﬂﬁﬁﬁt%%ﬁ%?%¥P g
parity bits . 0 u Ak i ; ~a predeterm ned
order of a%@f@ﬁﬂP%ﬂg%?@n?b bg&ggﬁggﬁ%g%yop&%;%gbﬂ¥ﬁ§g%pparatus of claim9
wherein the predeterm ned order of parity bit sets is determned as 6, 4,
18, 9, 13, 8, .15, 20 Lo 17, 2, 24 .10, . , e , 0, 21,
19 7. 11 whe A EBHlsIT R 4 Ry g S mporrich i Bbiont sqilionD, 51
29, 32, 5, 0, 11, sz 33, 23"%@’ 8, 18, 35, 8, 3, 9, 31, 22, 24, 7, 14,
17, 4, 2, 26, V6 irgu=kiwd¢8k10-Kn3 1, 6, 30, 15, when a codcword | ength
is 16200. 12. The apparatus of claim9, wherein the puncturing pattern
appl i er additiQRat PYiRBRS tH!e Pambitakt, Bl enowihelondthof aubbeC oliewdd, parity
bits for puncturing is not a nultiple of the Iength of the one parity bit
sets. 1%, demntes agpratiaefian difounaion voords #r dariescBapies) ﬂ@?ﬂf’apﬁt*ﬁgﬁ&m tter
for transm f.ti r.enmal_ni it e Wt ; Hios<i < ¢ 14. The
appar at us S 4 RERR IR B "X BRRL: B SR e RE B S g
determ ned by bel ow equation N, A= _ -- 1-- Mi

8. The method of claim 7, wherein:

all of parity bits corresponding to 4 parity bit sets Pry, Pr(1)s ---s Prts-1) are punctured;
and

additionally (N, - 360 4) parity bits among the parity bits corresponding to Pr(4) are
punctured.

9. An apparatus for channel encoding using a Low-Density Parity-Check (LDPC) code,
the apparatus comprising:
a puncturing pattern applier for determining a number of parity bits for puncturing,
determining a number of parity bit sets based on the number of parity bits for puncturing,
each of the parity bit sets being formed by parity bits at a predetermined interval, and

puncturing parity bits based on the number of parity bit sets and a predetermined order of

parity bit sets to be punctured.
10. The apparatus of claim 9, wherein the predetermined order of parity bit sets is
determined as 6, 4, 18,9, 13, 8, 15, 20, 5, 17, 2,24, 10,22, 12, 3, 16,23, 1, 14,0, 21, 19, 7,

11, when a codeword length is 16200,

I1. The apparatus of claim 9, wherein the predetermined order of parity bit sets is



, where A denotes the nunber of parity bit sets for puncturing, Np
denotes the nunber of parity bits for puncturing, A, denotes the | ength of
one parity bit sets. 15. The apparatus of claim 14, wherein the parity bit
sets are forned by bel ow equation {pklj alc nod q, where /3denotes the
jth parity bit set, NI denotes a |length of an LDPC codeword, K1 denotes a

| ength of an information word, M denotes the |ength of one parity bit sets,
gis avalue satisfying g = (N - K1) I M, where KM is an integer, and O
Sf < g. 16. The apparatus of claim 15, _wherein: all of parity bits
corresponding to A parity bit sets Pa(0), Pam ., PR(A./) are punctured,
and - 28 - punctured. 17. A nethod for channel decodi ng using a

Low- Densi tdeteRairiet ys Thddk2q, BRFL)). bde, 31,76, Hethod: édrpFi gzi%g.z’%nﬁgfh Ybing a
signal tra i fr a, i ransm Ie; 2F ML N phphhon i nformati on
of the puﬁgéﬂ?%ﬁgg%#ﬂngbF%§§b§%%§@ﬁna?Pﬁbggﬁ %?%Q%ﬂ%%ﬂﬁﬁgg? a

predeterm ned order of parity bit sets to be punctured and the nunber of

ity bit sets_; and decoding data using the position informeti th
punct ur ed parhy b, PSS euRGHeh Rt GRS Al AORETbn PG bRBL T S Radly "

bi t's conmpri3eSyes %gxtif?rﬂﬁsmvﬂ&q e RUMBEI ofhe Pﬁ'ﬁgtbi/ts Rirtpainttaring isaunatoulgplp oéind
determ ning a nunber of parity bit sets to be punctured based on the

det er m nedhalenpbrof gfe apktiyy Wi . t o be punctured; and acquiring a
predeterm ned order of parity bit sets. 18. The nmethod of claim 17,
wherein the predeterm ned order of parity bit sets is 6, 4, 18, 9, 13, 8§,
15, 20, 5, 173. TRe aphratdOof 22m A ZurtiRy cdiBprid®: 1, 14, 0, 21, 19, 7, 11, when

a codeword length is 16200. . . e od hi
a trgnsmitter for transinitting remaining bits, except for the punctured bits.

14. The apparatus of claim 9, wherein the number of parity bit sets is being determined

by below equation

4 all
=3

where 4 denotes the number of parity bit sets for puncturing, N, denotes the number of

parity bits for puncturing, M, denotes the length of one parity bit sets.

15. The apparatus of claim 14, wherein the parity bit sets are formed by below equation

Pr={px | j=k mod ¢, 0<k<N-K;},

where P; denotes the ™" parity bit set, Ny denotes a length of an LDPC codeword,
K, denotes a length of an information word, M; denotes the length of one parity bit

sets, ¢ is a value satisfying ¢ = (N, — K,) / M;, where K;/M is an integer, and 0 </ < gq.

16. The apparatus of claim 15, wherein:
all of parity bits corresponding to A parity bit sets Pxo), Pa(1)s > Luid-ry are punctured;
and

additionally (N, 360 A4) parity bits among the parity bits corresponding to Py are



19. The method of claim 17, wherein the predeterm ned order of parity bit
sets is 27, 13, 29, 32, 5, 0, 11, 21, 33, 20, 25, 28, 18, 35, 8, 3, 9, 31,
22, 24, 7, 14, 17, 4, 2, 26, 16, 34, 19, 10, 12, 23, 1, 6, 30, 15, when a
codeword length is 16200. 20. The nethod of claim 17, further

conpri si ng: determ ning that puncturing parity bits additionally is
punctured, when the nunber of the parity bits for puncturing is not a
multiple of the length of the one parity bit sets. 21. The method of claim
17, further conprising: receiving remaipd ng bits, except for the punctured

bits. - 29 - 22. The nethod of claim 17, wherein the nunber of parity
bit sets is being determ ned by bel ow equati on
punctured.

17. A method for channel decoding using a Low-Density Parity-Check (LDPC) code,
the method comprising:
demodulating a signal transmitted from a transmitter;
determining position information of the punctured parity bits by estimating information
about a predetermined order of parity bit sets to be punctured and the number of parity bit
sets ; and
decoding data using the position information of the punctured parity bits,
wherein determining position of punctured parity bits comprises,
determining a number of parity bits to be punctured; and
determining a number of parity bit sets to be punctured based on the determined
number of parity bits to be punctured; and

acquiring a predetermined order of parity bit sets.

18. The method of claim 17, wherein the predetermined order of parity bit sets is 6, 4,
18, 9, 13, 8, 15, 20, 5, 17, 2, 24, 10, 22, 12, 3, 16, 23, 1, 14, 0, 21, 19, 7, 11, when a
codeword length is 16200.

19. The method of claim 17, wherein the predetermined order of parity bit sets is 27,
13,29,32,5,0, 11,21, 33,20, 25, 28, 18, 35, 8, 3, 9,31, 22,24, 7, 14, 17, 4, 2, 26, 16, 34,
19, 10, 12, 23, 1, 6, 30, 15, when a codeword length is 16200.

20. The method of claim 17, further comprising:
determining that puncturing parity bits additionally is punctured, when the number of the

parity bits for puncturing is not a multiple of the length of the one parity bit sets.

21. The method of claim 17, further comprising:

receiving remaining bits, except for the punctured bits.



A= N' - , where A denotes the nunber of parity bit sets to be punctured,
NI, denotes the nunber of parity bits to be punctured, M denotes the

| ength of one parity bit sets. 23. The method of claim22, wherein the
parity bit sets are formed by bel ow equation Pr-{PkljEk mod q, 0.<l1lc<N
where Pi denotes the jth parity bit set, NI denotes a length of a LDPC
codeword, IC, denotes a length of an information word, M denotes the

| ength of one parity bit sets, qis a value satisfying g = (Nl- Ki) I M,
where K,/M is an integer, and 0 <j < ¢ 24. The nethod of claim 23,
wherein: determning that all of parity bits corresponding to A parity bit

sets Pr(0), Paw, ., P70- .0 are punctured; and determning that .

addi ti onal | y21 Nihe-m@6& &) clpiar i T,ywhsidis thenomeper RE P ay ibitsclsi iF o8 deEEBBRdi ng
to Pa(A) are punctur.ed. 25. An apparatus for channel decoding using a
Low Densittiytﬁg‘?‘w‘iﬂa%ck (LDPC) code, the apparatus conprising: a

puncturing patterfi|decision unit for determ ning position informtion of
the punctured pa# y bits by estimating information about a predeternined
order of parity bit sets to be punctured and the nu of it it .sets
. and a decouwberefdodendse difi T kEaPBPAULY Y STHE %EITT%%%@B‘P%&%%HX%&T%
punct ur ed ;Faai“ his tB'b%@xmc‘%{ﬂ%ﬁeMPdéi‘l%iegla{Q1@,@1909&%&1-1%i9£emunct ured parity
bits conpri®Es’™s : ’

denodul at or forLge dulating a signal transmtted froma transmtter; a

23. The method of claim 22, wherein the parity bit sets are formed by below equation

P={ps j=k mod g, 0k<N)-K}} ,

where P; denotes thej‘h parity bit set, N| denotes a fength of a LDPC codeword,
K, denotes a length of an information word, M, denotes the Jength of one parity bit

sets, ¢ is a value satisfying g = (N; ~ K;)} / M, where K;/M; is an integer, and 00 <7 < g.

24. The method of claim 23, wherein:
determining that all of parity bits corresponding to 4 parity bit sets Proy Pa(1)s oo Pria-
5 are punctured; and

determining that additionally (¥, - 360 A) parity bits among the parity bits

corresponding t0 Px4) are punctured.

25. An apparatus for channel decoding using a Low-Density Parity-Check (LDPC)
code, the apparatus comprising:

a demodulator for demodulating a signal transmitted from a transmitter;

a puncturing pattern decision unit for determining position information of the punctured
parity bits by estimating information about a predetermined order of parity bit sets to be
punctured and the number of parity bit sets ; and

a decoder for decoding data using the position information of the punctured parity bits,

wherein determining position of punctured parity bits comprises,



determ ning a nunber of parity bits to be punctured; and determ ni ng
a nunber of parity bit sets to be punctured based on the determ ned nunber
of parity bits to be punctured; and acquiring a predeterm ned order of
parity bit sets. 26. The apparatus of claim25, wherein the predeterm ned
order of parity bit sets is 6, 4, 18, 9, 13, 8, 15, 20, 5. 17, 2, 24, 10,
22, 12, 3, 16, 23, 1, 14, 0, 21, 19, 7, 11, when a codeword length is
16200. 27. The apparatus of claim25, wherein the predeterm ned order of
parity bit sets is 27, 13, 29, 32, 5, 03011, 21, 33, 20, 25, 28, 18, 35, 8,
3, 9, 31, 22, 24, 7, 14, 17, 4, 2, 26, 16, 34, 19, 10, 12, 23, 1, 6, 30,
15, when a codeword |l ength is 16200,

determining & number of parity bits to be punctured; and

determining a number of parity bit sets to be punctured based on the determined

number of parity bits to be punctured; and

acquiring a predetermined order of parity bit sets.

26. The apparatus of claim 25, wherein the predetermined order of parity bit sets is 6, 4,
18,9, 13, 8, 15, 20, 5, 17, 2, 24, 10, 22, 12, 3, 16, 23, 1, 14, 0, 21, 19, 7, 11, when a
codeword length is 16200.

27. The apparatus of claim 25, wherein the predetermined order of parity bit sets is 27,
13,29, 32, 5,0, 11, 21, 33, 20, 25, 28, 18, 35, 8,3, 9, 31,22, 24, 7, 14, 17, 4, 2, 26, 16, 34,
19,10, 12, 23, 1, 6, 30, 15, when a codeword length is 16200.

28. The apparatus of claim 25, wherein the puncturing pattern decision unit determines
that puncturing parity bits additionally is punctured, when the number of the parity bits for

puncturing is not a multiple of the length of the one parity bit sets.

29. The apparatus of claim 25, further comprising:

a receiver for receiving remaining bits, except for the punctured bits.

30. The apparatus of claim 25, wherein the number of parity bit sets is being determined

by below equation

where 4 denotes the number of parity bit sets to be punctured, N, denotes the number of

parity bits to be punctured, M, denotes the length of one parity bif sets.

31. The apparatus of claim 30, wherein the parity bit sets are formed by below equation

P={p | j=k mod ¢, 0<k<N;-K;} ,



28. The apparatus of claim25, wherein the puncturing pattern decision unit
determ nes that puncturing parity bits additionally is punctured, when the
nunber of the parity bits for puncturing is not a multiple of the | ength of
the one parity bit sets. 29. The apparatus of claim 25, further

conprising: a receiver for receiving remaining bits, except for the
punctured bits. 30. The apparatus of claim25, wherein the nunber of
parity bit sets is being determ ned by bel ow equation A =N P LM where A
denotes the nunber of parity bit sets itg be punctured, N, denotes the
nunber of parity bits to be punctured, M denotes the | ength of one parity

bit sets. - 31 - wherethl denotes the jul parity bit set, denot es
a length of a wWBRC chuewsths,i” Karieriorbd slenepiy kngh o4a HW%FW" word, ML

denotes the | enath of ty S8t ' N
et T O IRl B0, e ok g < -

clai m 31, strey & dwvdliResapspiek yr+ 09 pﬁx)t/M,nwdeelKﬂMms alm:rttegstetaefl fifyesqt hat al |
of parity bits corresponding to A parity bit sets P,0), Px00, Pn(A-i) are
punctured, and determnes that additionally (Np- 360 A) parity bits anong
the parity bits corresponding to P(A) are punctured.

32. The apparatus of claim 31, wherein the puncturing pattern decision unit determines
that all of parity bits corresponding to 4 parity bit sets Py, Pr(1y, > Pr(a-s) @re punctured,
and determines that additionally (N, - 360 4) parity bits among the parity bits corresponding

10 Py are punctured.



