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technology at that time. However, as the turbo code, which was discovered by

Berrou, Glavieux, and Thitimajshima in 1993, shows the performance
approximating Shannon’s channel limit, research has been conducted on
iterative decoding and channel encoding based on a graph along with analyses on
performance and characteristic of the turbo code. Due to this research, the LDPC
code was restudied in the late 1990s, and proved that LDPC code has
performance approximating the Shannon’s channel limit if it undergoes decoding
by applying iterative decoding based on a sum-product algorithm on a Tanner
graph (a special case of a factor graph) corresponding to the LDPC code.

The LDPC code is typically 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



on graph theory, algebra, and probability theory.
Ceneral ly, a graph nodel of WD 2009/072854
WORgH)/KR8308/ 007249 -2 channel codes is usef ulPGIGER2008/007249
description of codes, and by mapping information on
encoded bits to vertexes in the graph and mappi ng
rel ations between the bits-to- edges in the graph, it
is possible to consider a communi cation network in
whi ch the vertexes exchange predeterm ned nessages
chapheb oedhest llselseﬂge‘ier desariptiomkofigodds, apddsi blagping @esinvtion on

engBaiel, SBOUTR PLIRIA Mt 0 A s PR s o

edges ggrthg @raph,dt ki possifle go apnsidean comniumkmtﬁohenetwork in which

the %ﬁexgig Cft\éﬁﬁjﬁ?&t%ﬁiitrﬁ?g&%g% ﬂ’r‘ﬁB glh S H&E» making it

posgibertal [derigef a neatues deqating yalgoeitkmmel o kxaﬂip@b candbé&ding
algéﬁﬂfn?%?i%zggnfg@hn@tr@}%ﬁ' %ﬂ{&htc%ngl?e Fe%aréh cL an@gggff blaph, can

inchudetthg égelbdmgwmt Uttﬁlrhg; aﬂgxml@mrahd&r Batll, \E@k&{é Jalinek wod Raviv

B@JIH{ ypes, and the LDPC code is represent ed with
( e)%gglg{rt@te raph conposed of vertexes, sone of

\Nhl chhaEPPéaEd l&mewil}edﬁﬂm@tasaamarﬂnﬁhcheddemdamﬂix and can be
|
repf'@gbﬁﬂ%daﬁs?ng:% ﬁlggﬁﬁ%‘ g‘f%}hl{] qgﬁﬁ grrgf%r?{d ghl.e & £h ?rﬁvfseéfgrgﬁelé The

one-t 0- 0N~ ma
bipaite|gzaph megng that seressasr Wnortl(blﬂtmg [the kgeap‘hadfe delded 1nt0 two
h p a ogl f. c
dlffgféh‘? Rty n§e%§ﬁpe(iﬂg %P?t pw;@rdl%tss £ e&@ﬁe{i?&%hl_l ofbl}? te graph
conmsed cdeertexsppisedl obwhich e called §adeblenmelesRefdethiei otper of

whith ek @alléd cﬁ'eEl@ fol&e mgﬁaﬁg nq‘i%é%qubéa S[Ph ne Hl%pped to the

parity-check matrix ans an
encgderbPHs.es a | ength-8 codeword, and the col umms are

”Hpmhtl%fé}eﬁ&?%j?%@ i%n Ga d%sé%%@odgmﬁr% e.of a graph

|IIustrat|ng annem?rap corres
reprepentagon megthed forghe &M Geode. t he Tanner graph of the

LDP
@Igﬁqes%(oév§§fgg§§ﬁg1@§ 2% §3a¥1%{r< gﬁ?«gﬁ qggg{ %E%OE;)?C code
Conrpﬁﬁg %dows quzhy )COIWﬁﬁSARéf@”UIngn@dE zissi@zahember of
col@fifls 724, ﬂfénﬁélﬁ‘@' -Gk Tapd h%%g 519‘ﬂ hPCtDfle that t generates a

ty check matrix Hi of Ccoearerra
lenﬁﬁ\;iaeq)dégyyg d, ardjthe,colgmas grq mpﬁh@@k Srendeded bits.

respact ivel y. d1é%raﬁfjﬁldsh‘a ng ahHEr gﬁa brr@spon 11%01?‘? fir of

FIG zro val ue, he poi nt ere an | urm an
win the parity-check matrix Hl of the LDPC code

Cr ORBAR QUAE 2, gﬂﬁlﬂé}gga@ BFfhd EDFL E98CIs QRAYERA of 8
varle-gﬁnléq({eér)gpéog} @043 x3 (206), x4 (208), x5 (210), X6 (212), x4 (214)
and xg (216), and 4 check nodes 218, 220, 222 and 224. An i column and a _]
row in the parity-check matrix H; of the LDPC code are mapped to a variable
node x; and a j™ check node, respectively. In addition, a value of 1, i.e., a non-
zero value, at the point where an i™ column and a j row in the parity-check
matrix H; of the LDPC code cross each other, means that there is an edge
between the variable node x; and the j™ check node on the Tanner graph of FIG. 2.

In the Tanner graph of the LDPC code, a degree of the variable node and
a check node means 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
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invecsude padiomtiedal to the density of non-zero entries, the LDPC code with a
large N has a very low density. The wording ‘low-density’ in the name of the
LDPC code originates from the above-mentioned relationship.

Next, with reference to FIG. 3, a description will be made of
characteristics of a parity-check matrix of a structured LDPC code to be applied
in the present invention. FIG. 3 schematically illustrates an LDPC code adopted
as the standard technology in DVB-S2, which is one of the European digital
broadcasting standards.



as the standard technol ogy in DVB-S2, which is one of
t he European digital broadcasting standards. WO
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According to the above rules, it is can be appreciated that degrees of
columns belonging to an ™ column group are all equal to D; For a better
understanding of a structure of a DVB-S2 LDPC code that stores information on
the parity-check matrix according to the above rules, the following detailed
example will be described.

As a detailed example, for N1=30, K1=15, M;=5 and ¢=3, three sequences
for the information on the position of rows with 1 (hereafter, these sequences are
called “Weight-1 Position Sequences” for convenience’ sake) for 0™ columns in 3



call ed "Weight-1 Position Sequences"” for conveni ence
sake) for Oth colums in 3 WO 2009/ 072854
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as; R,0=0,R 0=1,R13=2 Rz'o = 0, R2,0 =11, Rz30 =13,
R310 -0 R3 =10, R330 =14. Regarding the weight-1
position sequence for O h c®lums in each col um
group, only the correspondi ng position sequences can
be expressed as follows for each colum group, for
colunumgemipsraa'besadpeessedasexanpl e: 012 0 11 13 01014,
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corresponding to the detail ed exanple, and Rule 1 and
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ase Y-check matrix w scri bed bel ow by

way of exarrpl e. In the foll owi ng exenpl ary

desgri ption, as a detailed exanpl e, a DvB-S2 LDPC

code W|th N1=16200, K1=10800, =360 and =15

und@rldoks an encoding process. For conveni ence,

i nfgrygpi4 on bits having a length KL are represented as
(io,il, i K _1) ,, and parity bits having a | ength
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Step 2: e enc rea
for ﬁhﬁﬂoﬁﬁ&%grw a row where 1 is |ocated vvlthl n V\D

2009 Q723sth1Ptel %&@%@QW@ codf hta'i}ﬁg %fesstan’i:é) l:ﬁﬁ'&ft as that
of an infornation word, fromt
of aggy;fsg DPC code of FIG. 4, by forming a parity-check matrlx using the
information corresponding to the detailed example, and Rule 1 and Rule 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. 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 exemplary description, as a detailed example, a DVB-S2
LDPC code with N,=16200, K;=10800, M=360 and ¢=15 undergoes an encoding

process. For convenience, information bits having a length K, are represented as
(fgsfyseif ) , and parity bits having a length (V-K)) are expressed as

(Dos Dyseos le—K,——l) .

Step 1: An encoder initializes parity bits as follows:
Po =P = = Dy =0

Step 2: The encoder reads information on a row where 1 is located within



sequence of the stored sequences indicating the
parity-check matrix. 0 2084 1613 1548 1286 1460 3196
WOL29989072881 3369 3451 4620 2622 Rl o = 0, R11'PET/IR2008/007249
2048, R 01=1613, R o' =1548, R o0, =1286, R6) =1460,
R, 0)=3196 R o = 4297, R(91=2481 ; o, R '0o" = 3369,
R1')=3451, R; 0)=4620, R 0)=@622. The encoder updates
particular parity bits px in accordance with Equati on
(3) using the read information and the first
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) : I - 1 m .
© gat tg:g P oie g‘é‘ﬁﬁ%&? AT B PASHAMAT DR 1Bfeif. 3y means a
valug s (0% béncbtter updates for i,,,. For exanple,
for n2=1, i.e., for il, the encoder updates parity
bits. (-~~)s~~—~d(~#- h) as fined in Equation (5). WO
Po ‘260@0075%[&@ R2 B8/ D8P4 -7 P --1jVvjP |-M =P P,
PisaE=DisRABA Bk 5)P1sd D igShowh & Mg, ®ag.ed that g=15 in

Equatign (5). _The coder perf the above ocess
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In Equation (3), p,=p, @i, can also be expressed as p, <« p, ®i,, and

@ means binary addition.

Step 3: The encoder first finds out a value of Equation (4) for the next
359 information bits i,, (where =1, 2, ..., 359) after .

{r+ (o mod 3)xd mod (N =K. M=30. a=1,2....90

In Equation (4), x means a value of R fork=12,..13. It should be

noted that Equation (4) has the same concept as Equation (2).

Next, the encoder performs an operation similar to Equation (3) using the
value found in Equation (4). That is, the encoder updates
Pt (mmod My yegy mod(Mi~53) o in. For example, for m=1, i.e., for i, the encoder
updates patity bits P+amed(¥-2) as defined in Equation (5).



KO the 1st weight-1 position sequence, for a 361St
information bit 66Q and updates particular px, where

WORNEYAES4R2 0 . The encoder updates Ft PCT/KR2008/007249
X61,362.".'."719 by simlarly applying Equation (4) to
the next 359 information bits 66J, 1362, ..., 1719

after 1360. Step 5. The enc@der repeats Steps 2, 3 and
4 for all groups each having 360 information bits.
Step 6: The encoder finally determnes parity bits

pE9l:0g . EQUabi0as (L, (6) @E@eﬁﬂg@}.y bits p; of
Equation (6) are parity bits that underwent LDPC
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The parity bits p; of Equation (6) are parity bits that underwent LDPC
encoding.

As described above, DVB-S2 performs encoding through the process of
Step 1 through Step 6.

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 a Hybrid Automatic Retransmission Request (HARQ) scheme
and an Adaptive Modulation and Coding (AMC) scheme, but also in a
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generating a plurality of column groups by grouping
colums corresponding to an information word in a
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Another exemplary aspect of the present invention is to provide a channet
encoding/decoding method and apparatus for guaranteeing the optimal
performance with regard to DVB-S2 architecture in a communication system
using LDPC codes.

According to an exemplary aspect of the present invention, there is
provided a method for encoding a channel in a communication system using a
Low-Density Parity-Check (LDPC) code. The method may include, for example,
generating a plurality of column groups by grouping columns corresponding to an
information word in a parity-check matrix of the LDPC code, and ordering the
column groups; determining a range of an information word desired to be

obtained by performing shortening; based on the determined range of the
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encoding the shortened information word.

According to yet another exemplary aspect of the present invention, there
is provided an apparatus for encoding a channel in a communication system using
a Low-Density Parity-Check (LDPC) code. The apparatus includes a parity-check
matrix extractor for generating a plurality of column groups by grouping columns
corresponding to an information word in a parity-check matrix of the LDPC code,
and ordering the column groups; a shortening pattern applier for determining a
range of an information word desired to be obtained by performing shortening,



Low Density Parity-Check (LDPC) code. The net hod
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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 exemplary parity-check matrix of a
length-8 LDPC code;

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

FIG. 3 is a diagram illustrating a schematic structure of a DVB-S2 LDPC

code;



present invention; FIG 8 is a bl ock diagram
illustrating a structure of a transm ssion apparatus
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exenpl ary enbodi nent of the present invention; FIG 9
Is a block diagramillustrating a structure of a
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illustrating a structure of a transceiver in a

conmuni cati on system usi ng LDPC codes. Referring to
FI GI'hsoughaws dBeglawings, thepsame slrawingdrdeemeedarmshis imll be

undéstood to refer to the same elements, features and structures.
DETAILED DESCRIPTION

Preferred exemplary embodiments of the present invention will now be
described in detail with reference to the annexed drawings. In the following
description, a detailed description of known functions and exemplary
configurations incorporated herein may have been omitted for clarity and
conciseness when their inclusion might obscure appreciation of the invention by a
person of ordinary skill in the art.

The present invention provides a method for supporting LDPC codes



transmtter 510 before being transmtted to a receiver
530. Then the LDPC encoder 511 encodes the input
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nodul at or 513. The nodul ator 513 nodul ates the encoded
signal, and transmts the nodul ated signal to the
recei ver 530 over a wrel ed8-channel 520. Then a
denodul ator 531 in the receiver 530 denodul ates the
signal transmtted by the transmtter 510, and
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" FIG. 57is @ fidwaRart illustrating an encoding operation of an LDPC
encoder according to an exemplary embodiment of the present invention. To be
specific, FIG. 6 illustrates a method for generating LDPC codes having different
codeword lengths from a parity-check matrix of a previously stored LDPC code.

Herein, the method of supporting various codeword lengths uses a
shortening technique and a puncturing technique.

The term ‘shortening technique’ as used herein means a method that does
not substantially use a specified part of a given particular parity-check matrix. For
a better understanding of the shortening technique, a parity-check matrix of the
DVB-S2 LDPC code shown in FIG. 3 will be described in detail.
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substantially not using NS |eading colums in the

parity-check matrix of the DVB-S2 LDPC code shown in

FIG 3. The term " shorteni-A@ 4+ echni que' origi nates

fromthe above-stated Ilinmtation operation.

Therefore, applying the shortening herein nmeans

conReferringy nowatw dlse phrityhrehsdio lnhaﬂ:n&dof e DVBLOD IDPE, code

Rt M T 4 ATy
mfo@ﬁml@habﬂs &fﬂ' gerferht @nlihg,S aR 5&%' éd §1§ rtHerh gNl-K,)

for @, terjed information |ts ore,
parify, pits r ansm f t'er hé%)mmonly,rthnsmommaonl’mtssfhcﬁly élaed a value of

0 oPifSand hﬁerﬁgﬁle‘ﬁﬁ{%%ﬁ{rﬁgo& ?ﬁﬁ?dveﬁges KOOy 1 bifs of a

i nf’or mat i on I'ons’ correspon

partiqian Eﬁ#’éﬂ\’}bph 88 tealvesubjpelieddo sbprteninign Fioh @xam@m es&nmgmng N,
1nfotr1?1%ﬂﬂhq?tﬁs is f(ﬁlgﬁl ; engtcgm% Y, gﬂ%}a@ I\@ of MaEihe=iy =0

transmtter  ac yVst'r anam %and a Iength
othesfwardsi by dimiingovalues €ori & alfsunat(an K&s i tieromghieiy gt ¢o 0, the
ShoIgec rresévvhlch i s always |ess than the, first given

BYae, leehnigie \pan Rptein the samim etiget Ay Substentiglis et using N,

1eadi>1¢g d@ﬁﬁﬁmsbﬁﬁtherpagﬁy%hbck Genakalfl the HUB-SPUNSPErING shown in
lied tqQ both the information bit

FIG ue can, sg
"o ofihy tshorlChinendeiaNe Sutestales njorechal gheve-stated
11m18dtibnt bllﬁeréﬁ@ﬂi tﬁﬁﬁreﬂ)r& oy I!yi‘ithhé rsﬁoft@m‘ﬁ%rﬁ'@é‘in thBans considering
lreda%rcﬁél gléo g}lentgﬁo ﬁo es e puncturing
Valyes o it 1R IPREONHEY 88Hi ng t echni que, descri bed

her avnhaksyst tdabe shoitehanetdchBiERNGERIn tHeabystéhMst &t up, a
The cturing technlque I.S

¢ es of articular, bits.
rangFlnst 2 Brobichipy Shis O SaMEMBIRS AGMSdrasi et Hformation for

the Isﬁo@teﬁaﬂl ﬂifoﬂhhﬁomrbl@s paMickerotar tiRigh ahe 08ABSANESY has not
recei ver ¢ erfo erasure

| {
tranfted e shitefeh b5y Bebhtivey RsFrunk fncodher Roraas that
infobiyationblitg 1ﬁ<1he posinidns thine (Kﬁdlﬁ it® ihe Phart@rerl bikeHave a value
Ofoposn tions in a generated engt -N1 LDPC codeword, the

puncturing techni que can obtain the WO 2009/ 072854
PCTIKRAGOSH N4 teekid aa,rrelr@faf @Cl'engﬁl tdfaaSUMéW@@ @hat the

tran%gﬂ?egsaﬁgq%]y’qggqsglﬁqlécl@i aaa ﬁicll%bn ]do 0| u Fmation word is also
K -Marthe yodbeaate batomes afe~ am (Ysed:) nwnwh isi Aivaaydelesdliitth the

the cturing technique is different from
firs SR G 1Y Ay

techni que. Since, according to the
i nvention position information for the punctured

Next, the puncturing technique will be described in detail. Generally, the
puncturing technique can be applied to both the information bits and parity bits.
Although the puncturing technique and the shortening technique are in common
in reducing codeword lengths of codes, the puncturing technique, unlike the
shortening technique, described herein above, does not have the concept that
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 perform erasure processing on the corresponding bits.
In other words, by simply not transmitting bits in N, predefined positions in a
generated length-V; LDPC codeword, the puncturing technique can obtain the
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code rate K;/N; of the DVB-S2 LDPC code, its algebraic characteristic changes.

N
For ~'“

puncturing or performing only shortening.

nfi,a’, the LDPC code is generated by applying none of shortening and

However, regarding the DVB-S2 LDPC code, as described in Rule 1 and



DVB-S2 LDPC code to be subjected to shorteni ng. That
is, the LDPC encoder 511 reads the stored
WORPYEN8¥heck matri x informati on. Thereafter, RGI/ISR9P8/007249
603, the LDPC encoder 511 determ nes a codeword
 ength N2 and an information length K2 for a
shortened LDPC codeword tolfr-ansmt actually after
shortening. Thereafter, the LDPC encoder 511 perforns
a shorteni nn‘%bgt;ocess of steps 605 to 611, in which
C erftidek2 5181 iper fitne=tshaftieni_ng correspondi
Rule% t(;ée’a%Prpert?ui red i nformation | ength of é’ﬁ%%%eégg? 3 M,
colupased total i ek ¥ ¥adolumio pratgsceachfhave leestsnatned shape. Therefore,
| - trix. din ni Step 1. The C ‘
the BYLRE IT0RE SR el TR R0 nah e ol s bpiciwmns,
if itidoss mekugePenegevaligi dheitellpwing shertening ayosgsstis proposed
Shorteni ng,Step 2:..The LDPC encoder 511 selects a
CONY QYL ‘g}ar?‘%gﬁt“@ol umm groups among in step 607,

and the sel ected sequence is defined as The LDPC

d i t hat i nce for.
ot et ST BET ab ol 1550 Bl &S ifosmgion of a
DVRBRCLETRO dede 5 1bg sulgjeated stoastsintani e EDhddMs; t1&2 LIDIRC encoder

o1 5545 ol P L S 60 B, e
LDR( entoddres Notletrinhmds 4 kodshord kmeth NoR@E andénfdramtian length

o G913 TSI T9ED, ool i

ThetddRer,d¢he ddePChditoddd 51 1 prafolms shxdrorensng process of steps 605 to

14-14..0! -K5,-C r,0 e shortened LDPC co
611,015, it 3G RGeS o100 B el SBblEhEs, Sl iifhe 1o o
requa@dIihnags b rPETigKRDE 08/ DDPL480de, Hasédonathdasad iipfaromtion of

' X .S, a detailed description wll now
the %ére%ﬁ%a@@%ﬁegkgfgﬁgfgg% of generating a new LDPC code

whose codeword length is jv' _Mand whose infornmation

length is "f'- 11"0 , by shortening 12150 bitsﬂazqt?ng

t heshaaifBlS@p i The YN ANE: 571 \RGuppde THal hagsep
605 wfHAT BT STL S G Ol 6000 h IR 2% M 389020,

29 LY e B, Jrigg eV ichpR dess 8hes ’

511 determ nes Exanple of Shortening Step 2: The LDPC

encoder 511 selects a sequence for 4 colum groups

anonBoEeniggartepl: stherb BP Gy snepder 314 seledds gasaguensafor (A+l)
colu‘f'lﬁ?g{%@s anggﬁ L@?@enc@@@r iR klep 802 CASd HRE sEiRbleAedbence is

seq enbé’g,.z__w1 ﬁ»s~1?5_' ,Y?
defined as ™ 7. The LDPC encoder 511 considers that there is no

Ky —A-1

R{EZ‘ ..
sequence “ ** for the remaining column groups.

Shortening Step 3: The LDPC encoder 511 generates a shortened DVB-

(k)
S2 LDPC code from the 411 S0 values selected in Shortening Step 2, using

Rule 1 and Rule 2 in step 609. It should be noted that the shortened LDPC code

LA+,

has an information length of , which is always greater than or equal to K.

Shortening Step 4: The LDPC encoder 511 additionally shortens

(A5 solumns from the shortened LDPC code generated in Shortening

Step 3 in step 611.



S;;= SLI =,"11=45, . '" . ~yd4nfi ..... y} S Exanpl e
of Shortening Step 3: The LDPC encoder 511 generates a
WOHBYe@%dd DVB-S2 LDPC code fromthe 4 val ues PSVIER208%007249

in Exanpl e of Shortening Step 2, using Rule 1 and

Rul e 2. For the shortened LDPC code, a length of its
information word is 4x360=1440. Exanpl e of Shortening
Step 4. The LDPC encoder 511 additionally shortens

1440- 1170=270 colums from the shortened LDPC code

genEgﬁa elgslélripticﬁ}(@ff@ét@ileﬂ eg_h\mm@p hrt%tailsapde%cri“p'ﬁenhﬂméow be
enc, er rrorns encodi e on the short e .
madEREC8 Gt llcbrbiged o e ERERDFalg MsecrHERIond loneth i
Ne=En o s QEUBBCRIFbRAAI SRIERSIT & K210 =11 shorteding 12150 bits
13320/, 360- 4=33 _¢ol umm gr O{J[%Z armnE val ues are not ..
amoggdhe ifermatipg balguisiag ad?VEoS3ddPPerfads that basp characteristic

of m%&@%m,tﬂlﬂ:%d hed qu.arrpI e of Shortening Step
. I'n addition, since the LDPC encoder 511 has WD
2009/ 072854 PCT/ KR2008/ 007249 -17 additionally

shoEkemptt F0Shof@iwat Sesp it $hé L OPE dib8d&XFM! @eRimines
,_1Sharjening Step 3 and the Exanple of Shortening Step

= A [“"Fﬂs finally equivalent to shortening 12150
information bits. Therefore, the result of the
enbodi nent provides a shortened LDPC code with a

codewor d, | engt h, N2=4Q50 and, an_informati on | ength
o EisDIeEl Shdiciine & gy ahe el SadRier T S8 S 4 seanence
for 4 gplumm grasfosiasnens a tetabiof 8 Ry, t eelvas.duethisparticular example,
red wi a bit-by-bit shortening technique which
the ﬁ@g@?ﬂmﬂmg E% sleets rtﬁé ﬁ@:‘%mgﬁ‘qk}ﬁn%e DVB- S2 LDPC
code, enploys a nethod of not using information on

» Ol uam,, gr oyps _of t.he DVB;,S2. LDPC code depending on
Sithe %’*f“i"%‘ct F?ﬁfggf g‘ai‘f’ﬁ"%e‘s“‘*c‘ift%’f he DVB-S2 LDPC code.

«Sel ection criteriagof a nce for a colunmm group
3“5%"1 Béimébh%a‘ﬁlgﬁ‘d% (¢ 0%%%%% in Step 2 in the
ashorteni ng progcess of the DVB-S2 LDPC code. Criterion
Sifé‘fﬁ’fg‘g‘h‘ QJ@%% SHWCod&r 511 sel ects a shortened LDPC code
sWth, a codeword | ength N2 and an information |ength
Si’-%ﬁ.?, gﬁﬁ?ié*ln%fa% performing shortening on a DVB-S2
_ﬁ{i}LDP%{,ic_nge w.th a codeword length NI and an
SThf opimati ofesTengt h K1, degree distribution of the
wSelected shortened LDPC code being alnost simlar to
Sathe optrmati«GEfree distribution of the normal LDPC

code wth a codeword length N2 and an information

| ength K2.

Example of Shortening Step 3: The LDPC encoder 511 generates a

shortened DVB-S2 LDPC code from the 4 5@ values selected in Example of
Shortening Step 2, using Rule 1 and Rule 2. For the shortened LDPC code, a
length of its information word is 4x360=1440.

Example of Shortening Step 4: The LDPC encoder 511 additionally
shortens 1440-1170=270 columns from the shortened LDPC code generated in
Example of Shortening Step 3. The LDPC encoder 511 performs encoding based
on the shortened LDPC code.

According to the exemplary embodiment, since sequence information for
K [M-A-1 = 13320/360-4=33 column groups among R, o )
not used, which is equivalent to shortening a total of 33x360=11880 bits in the
Example of Shortening Step 2. In addition, since the LDPC encoder 511 has

values are



Criterion 2: The LDPC encoder 511 selects a code
havi ng the good cycle characteristic on the Tanner
WO 284ong t he shortened codes sel ected in PEIKRIPHYT249
1. In the present invention, regarding a criterion for
a cycle characteristic, the LDPC encoder 511 sel ects
a case where the mninmumlghgth cycles in the Tanner
graph is as |arge as possible and the nunber of the
m ni mum | ength cycles is as small possible. Al though
add1lt1bﬁalt3p Ehménsdlem@ énfdirstatioh st throtigh e ample LéPShortening

sepSCRR BRI b bk i Pad ShlBeRaf Ehbening
121ﬂﬂﬂgmie@ﬁlaw§hl bite Th@:ﬂﬁf@fé SthBC1tEesl_JIt 0B the reﬁhlb?@;tmermpﬁdvednb es a
n . .
shorlifed LTR GoHE Bih a cilpBREE Ehett Nerins Caid ah duSFmRtpR deneth
Kz—lclcyIOurm group is not great, the LDPC encoder 511 may
A e M T S S
shor?hinl_%o tel&hnftﬂ&tetlﬁatf egiﬁfpdiraisevlmf a B[tl-b}ebltwhoﬁeﬁlnfg techhgpueomhich
is coBipPRBaed GhofeRRning o Bs B VEFSeloRbe S, diudSHatetod
of ncﬁa{smg'f mfbﬁﬁstﬁ%ﬂ gﬁ cﬁru‘mm; |gecmi 1 daﬁ/theé])ggtg-?% %2%]28 chBé:depehedmg
ﬂﬁ%ﬁ}t}gﬁ%@@s g?%@?ﬁﬂg%hq@mﬁﬁ%er of selections
of Sdﬂecmm glhtei‘ﬂl qfcssa’;dqlmgcsémmnolemﬁm grdupecarobel ﬂmmmaéized as
To descr

ronloflsoHEe 20t ShATiayigaborhs TEDBERERLPET sfider

of @rﬁrmfl(ghl Th@dﬁ)ﬁ(ﬂ ﬁnceégu@hb&elﬁmsf ﬁmrm_niegrin[)ﬁgouide with
2 cofle R d2BgRon ol B RESAE Rt Ry RS BRepdicihning
shorfemliﬂgvmmga IBVHRE2 1ILPPE téaale sdthuenomdeword! lemgth N; and an

9

info BB 1endty 30, 96ed s umion e gt S sC R p0ingd SBC code
being GBhdstc€ 6112806 $ha apimbl degreeldizFibudmh3obthearniil .7BE 6 ode
with e 16328 0GRl o dggalin {888 K466 11120 7844

3079 10773 3385 10854 5747 1360 12010 12202 6189

424 it oh 2 2PAO T BPR8nddde: 511 selects a code having the good cycle

characteristic on the Tanner graph among the shortened codes selected in
Criterion 1. In the present invention, regarding a criterion for a cycle
characteristic, the LDPC encoder 511 selects a case where the minimum-length
cycles in the Tanner graph is as large as possible and the number of the
minimum-length cycles is as small possible.

Although the optimal degree distribution of the normal LDPC code can
be found out in Criterion 1 using a density evolution analysis method, a detailed
description thereof will be omitted since it is irrelevant to the understanding of
the present invention.

If the number of selections of a weight-1 position sequence for the
column group is not great, the LDPC encoder 511 may select a weight-1 position
sequence for the column group having the best performance by fully searching all
the cases regardless of Criterion 1 and Criterion 2. However, the selection criteria
for column groups, applied in Shortening Step 2 of the DVB-S2 LDPC code, can
increase its efficiency by selecting an LDPC code satisfying the both conditions



The ith weight-1 position sequence in the ith line
sequentially represents the information on the
WOZ989428 of rows with 1 for the ith col um grP6JFKR2008/007249
Therefore, it can be appreciated that the DvB-S2 LDPC
code is conposed of 9 colum groups and its
information length is 9 x-38Q = 3240. If a codeword
l ength and an information |length desired to be
obt ai ned by perform ng shortening are N2 and K2,
whendhp enmibe] of saléctions pdshe Weighs 1 fpositicuteduracogidi thez&slumn
rou%xngrtteﬂ ng pattern using Shortening Step 1 through
g PN "Step 4. However, when values of N, and K2
r eqilior descbipet dre exysipésofire gbod i’deylﬁeﬂ@af lobtdired ﬁo:yeapplymg the
tim.ze rten attern nm no correl ation
sele @Ry} Fifditp PE8 Y FRhGRBRllH Relehse Tk s paiit sfimmg DVE-
S2 ¢duzt wﬁﬂe]\bmmm KEet32d0i ad =300 andaps36 mdtielss abysitiered. The

DVIRSL s Gl i TR R R Bl i BRieR, 3o A cotumn

grosh col unn groups, since selecting and shortening
1St, 5th and 6th colum groups can al so be opti mal
when selecting 3 colum groups, they have no
cor 62920020 30t 1696383 9atH3ér L66Thbt el 263 SHER634 210687

var SEFLA0KE RSO HRE S0 o TR AT Rl kel n0g 1000
shol 0&m ﬁglfbéﬂﬂ&ﬂﬂﬂﬂ%ﬁﬁﬂﬁﬁﬁéﬂ &doaraf3n23I%]1 22652 Gikt 4292
K2, ioh} 1

per) KEbAET8098h 6T 8 G0 RT eSO R S Ry 1120
requiB444d069 10A@3system are highly vari abl e,

subg@é@ %g5§?95§enl ng patterns can be found using the
for systemefficiency. First,

assliae0 18a10382e2t i on of 1 col um group is needed for
Shofﬂ?@h? 73k this case, since the nunber of

abl'e coI um groups is only 1 in an optimal
sen8&40il27264pd%si bl e to sel ect the
hi ghest - perf ormance col umm group. Next, when there is
a need for selection of 2 colum groups for
shotheri’ ngcighhd POE®RRe@oace iBlthe 91Ihm sequardialiyrrepresents

e BRI IE MR IR IR Oy fr
it cqmb@r@pggcngteﬁa‘maéﬁhe SZ HapBG goée neaednimsed of 9 column

groupglaet 1'ts°ﬁ1f8f‘mht1§r? léﬁ?l}) #pfqg Qr3 By f E%rd@woh’ﬂf @ Gnd an

ncoder est-performance coO

infoypafipn kanedy desiecd torkg @btﬁgledgmmfogmlg;ﬁxorﬁenmgmmd@ and K»,
respééﬁ\;’e)ly,c?cl ib”Bo%lﬂl‘épﬁ) ﬁﬁ'ge&?te@lﬁ% :b ihGizRA & o%ﬁhr%t ?)Q‘Et&q{ using

shorte nlng eni ng,
ShorgeinstStep drthraugh Shosteapng ftep 4.sel ection, can have

fégg!;)laxreéfgg %Fﬁ Q/aﬂﬁé%c@f NF %ﬁ%dﬁg?vrg{i‘lﬂ%f?ﬂy@epﬁs{&ﬁ Mhre highly
variable, the optimized shortemng pattern may have no correlation according to
the value of N,. For example, assuming that the optimal selection for a case
necessary for shortening 2 column groups from the DVB-S2 LDPC code is not
using information on rows with 1 in 4™ and 8" column groups, since selecting and
shortening 1%, 5" and 6™ column groups can also be optimal when selecting 3
column groups, they have no correlation with each other. Therefore, when values
of N, and K, required by the system are highly variable, it is undesirably
necessary to store all shortening patterns optimized according to a value of K, for
the optimized performance.



For a detail ed exanpl e, when values of N2 and K2

requi red by the system are highly variable, it is
WOZ98%IB$E to find out suboptimal shortening pRGTEERA08/007249

according to N2 and K2, for 9 cases shown in Table 1.

Herein, N2=Nl-K2i since the puncturing technique is

not consi dered. Table 1 Ram®e of K2 Shortening Method

1) 2880<_ K2 < 3240 Shortens 3240-K2 bits from an

i nformati on word corresponding to the 8th sequence

61819h14624ﬂ vaBws dfqy, mtda[@txhquirhdl oy dreasysteanang higidy variable,

subol 8 oL 5 “HE Rt oG B e, fr
systenineﬁf:iqmemy gspo_ndnt ot he 8th squenggl ?Imgﬂg t he Corten
a :

25e05 BRSPS ne BROPRRD: o FRRn SPUP A RFedst RN Fiing.
In thivcdseesibts tisenuabeeofl 46 6&aBkOB1GARI1 IS 1549@]8' L2650 optimal
o AR B TR AR EPIRARTERRE, e, wen
there21k&0rfeedl<ﬂ>r Se%ﬂﬁn Sﬁﬁrdoémn@rbupm If(mnm)ruenuihg,l e LDPCG hncoder
511 GO SURR, e D FERTRTA s in L By g
columm?gmupsgahbmm@metsemtéﬂi2@>OKBnh| greup.rlarthasame manner when

or n

terd SEEBE LSRN 5 DRARSTALI, 1R SO FFOERS " grcoder
511 s&lests 2i@thighestienforadance sblums group adeug hhetrhmamihg reolumn
arou Bl ) SRR el 10k R bl shggine.

additionally shortens 2160-K2 bits from an

i nf’gﬁj_’%ag%iﬂ%&]\%]@ EOHESRBONALAG 1R Ldifhc?t usEHLENER optimal

338
selection, can have stabilized performance from one shortening pattern regardless

of a change in the value of K.

For a detailed example, when values of N, and K, required by the system
are highly variable, it is possible to find out suboptimal shortening patterns
according to N, and K, for 9 cases shown in Table 1. Herein, N,=N;-K;, since the
puncturing technique is not considered.

Table 1

Range of K, Shortening Method

1) 2880 < K, <3240 Shortens 3240-K, bits from an information word
corresponding to the 8™ sequence

6189 4241 2343

for the 8™ column group among the weight-1 position

sequences.
2) 2520 < K, <2880 Shortens all columns included in the column group,
which correspond to the 8™ sequence among the

weight-1 position sequences, and additionally shortens
2880-K, bits from an information word corresponding
to the 4™ sequence
11869 3708 5981 8718 4908 10650 6805 3334 2627
10461 9285 11120




for the 6th colum group . 5) 14405 K2 < 1800 Shortens

all colums included in the colum group, which
WOIPYE3PYnd to the 8t, 4t, 7th and 6t h sequen®éI/KRIPHY7249

the weight-1 position sequences, and additionally

shortens 1880-K2 bits froman information word

corresponding to the 3rd'§QqUence 10774 3613 5208

11177 7676 3549 8746 6583 7239 12265 2674 4292 for

—the 3rd cotumgroup. .;p) 1080<_ KZ < 1440 Shortens all
col umms i ncl udedOr 1§ he COMMMEWPoup  which

3) ZQQOr_@K?Q%ZOQ tiighdtdhs Al colimn$himciaged 3n dhe SRAUBACEDUD,
anong the wei ght % EOSI tion equencgf@ls, gﬁ;d
addi tional ly sIJd?" ihsCorresnond toithe & r @ 4n sequences among

i nformati on wor Ghe OteBSRONhAGid® $difichtds, Seadeaddtionally
7844 3079 10773 for the %ﬁd;[qcoburm grougr.ll Q 720< K2

< 1080 Shorteng SHOFCEY| & 2nOIt3 d EP1R naR hEifpypatign  word
group, which qQigrREPERAdNEo e78kbquedice 7t, 6t, 3rd
and 5th sequences apon wei ght-1 position
sequences, and ]agcﬁﬂ{?q}%) ql}g)zshortens 1080- K2 bits
froman WO 2009/ Q72854 R 007249 -21

imforpati on_wor|{d_correspondi ng to t,he Z2nd Sequence

4) 10BGIR A G0l 69h5q SHRTIETSOHL ColHny dneluded 15 B APl gHegrouD.
8296 11090 for |tRhicAndogedpemd & alp. 8%8) 4528w T2 ssqudes
Shortens all cadlums i nﬁl uded, i n .t he cx%l urm

roup,
whi ch cor r espor{cBReng hehg: hWeighty! 70esitigr, S%‘ﬁ‘b":m%?’h and
and 2nd sequencgiliasmy t hdowehght 216@ESi tibde  from an
sequences, and i:';lquitionall shorten .720-%2 Bits from
an i nfor mat i on RGP WELTRITTRYONGINEL BE R SsquehHee
9840 12726 4977 3385 108549 hicol urm group. However,

since 168 BCH pﬁ\)rrlﬂtlg6@lcié) are rlrlappped to a part of the

_colum group, ummn gro
5) 1440 < K, < 1800 Shortens all columns included in the column group,
which correspond to the 8th, 4th, 7% and 6 sequences
among the weight-1 position sequences, and
additionally shortens 1880-K, bits from an
information word corresponding to the 3™ sequence
10774 3613 5208 11177 7676 3549 8746 6583 7239
12265 2674 4292
for the 3" column group.

6) 1080 < K, <1440 Shortens all columns included in the column group,
which correspond to the 8%, 4% 7% 6 and 3™
sequences among the weight-1 position sequences,
and additionally shortens 1440-X, bits from an
information word corresponding to the 5™ sequence
7844 3079 10773

for the 5™ column group.

7) 720 < K5 < 1080 Shortens all columns included in the column group,
which correspond to the gl 4 7 g 31 and 5%
sequences among the weight-1 position sequences,
and additionally shortens 1080-K, bits from an




whi ch corresponds to the 9th sequence, by a DVB-S2
encodi ng schene, colums in the positions

WO E3$dndi ng to the BCH parity do not under F&T/KR2008/007249
shortening. 9) 168<_ K2 < 528 Shortens all colums
i ncluded in the columm group, which correspond to the
8", 4th, 7th, 6", 3rd, 5th212nd and 9th sequences

anong the weight-1 position sequences, and
additi-onall v shertens 528-K2 hits from

wor d cor r espond| hgfoimatiba W& @epspotding 689 9626 B&fche
7695 4839 4936 [ 1 4
180 col um or oup 0paf dbse Y LA M
only the col unn>8069|8@9601r‘1@l939 to the hBCH pa(rjlty )
remain in the DVB-S C £o In other words, there
ar-e—hRo—pure inf %QIQ&‘I ﬁ?ﬂmgwp This s not
8) 6215 Kiex 680 The Sh@ftbﬁmlalh]gcohmﬁ{s iﬂblﬁdﬁﬂm & lh? $olumn group,
det erm ned by, Xa e them NioL B4, on nd
word into 9 int; f?l% n%ﬁﬁp‘fr}de tg‘ﬁ&ggrﬂng CfI%tE |o$1 d2
and Criterion stq\mml leg arﬁeﬁl grﬂhengzeightl’lamcsltion Isteqﬁ@ﬁbes
be appreci at ed that a co Lllglns corres ft
thrd ndto the 8 %’cﬂﬁ{ p@?}ﬁkgmﬁmf& rom —an
sequences i ncl udﬂofornmanbn mﬁumnresg@mungseqlwaﬁ lsedence
under go shorten gL O the required
i nformati on WO 2986@8?22@1‘ g /KR2008/ 007249 -22
length for the LDRCilon®&. cdlbatn Tgsoupa I\Ia‘bveeelofsmbd $68 BCH
mapped to the ipfor. ion bits tvv|II 0
shortening in oragp{]}%%’lt? E° E’b"‘rpé’r‘?ﬁs C%P?Igs%[utﬁ g &roup,
the 8th, 4th 7} kiich rcdriespontls, to6@E29™ Qedluemmd b$ta DAMB-S2
according to the red_j,nf or mat i nlen
Al ternatively, Fﬁ‘g‘gﬁhgl 380}5 Tons? gl t%ﬁlat tli"‘?le positions
neani ngful i nfor nal:riespmtdilég to \lxllrl]n CBCiH epamy floxedt tumdergo
to t
correaponding+ b diEREE L o0 ora s ard: 6tk
9) Vo< Kpth5aBd 8t hSheanmcaélsca]ﬂ:lnmsdlnm@udani irhehe column group,
Grrormation -l englfion IBGedldfi 1o ﬁgxs‘“} b7 e 3f5;“’2§nd and

9, 1' of the co ums- can
6, 5 2, 4, 1, B9 (Bequmcetseml@sgtha nggh’uel p&titionlsequences,

a.S a Oth block. 1%@(1 %Blt (%na?]ﬂ/d g)toﬁ%ng) i?.% Eablb?ts 'from an

since the | ast ol um )
mformatmn word corresponding to the 1% sequence

6295 9626 304 7695 4839 4936 1660 144 11203 5567
6347 12557

for the 1% column group. Herein, K,=168 means the

case where only the columns corresponding to the
BCH parity remain in the DVB-S2 LDPC code. In
other words, there are no pure information word bits.
This is not considered.

The shortening order in Table 1 is determined by, for example, dividing
the information word into 9 intervals, and then applying Criterion 1 and Criterion
2 thereto.

Referring to Table 1, it can be appreciated that all columns corresponding
to the 8", 4™ 7%, 6™ 3™ 5% 27 9™ angd 1% sequences included in the column

group sequentially undergo shortening according to the required information



group, or the last columm group, in the part

corresponding to information bits of the DVB-S2 LDPC
WOHBEOR$Th N1=I 6200, K1=3240, ML=360 and q=3@CfiER2008/007249

mapped to Bose- Chaudhuri-Hocquenghem (BCH) parity

bits, they cannot undergo shortening. Actually, when

a DVB-S2 LDPC code with N1226200 is designed such

that 168 BCH parity bits are always included in LDPC

information bits having the lengths K1 and K2. The
lengﬂh forttheilIgPCradee. Thaoisiratvabme sH0vis mappedhbeahd itfdpmatisn bits

that §RYSERIEES Shori iing 39 pfaceiotiba doripns sesaong i Phtg,". 4",
7t &'DFKT’? dﬁﬁ@“%m@ﬂ“ IfBWSF‘Ewcbﬁhng go et baghifd d2&matkGh }’ength
Alteg?a%lvlq O,L]&?(frj]arpln Qﬁggﬁﬁ Sco&g}c].eégcéghﬁq ﬁ‘a: pbea?&g(ﬁr {’ormatlon bits,
Whlc'lfz(rb)rtdn ﬁxed to Oaark seruéntlal]&' nappeduonhe colupss c&ﬁﬁbspondmg to
e PG e e e 4 0, LI o
lengtie gﬁhﬂaﬂ:enfﬂ féu ﬂﬁﬁg 8ns, hi’r,&@,nl ngf memmmﬁm cag als;atlf;]eedsxpressed as
‘ [ t S _shownmat, the
7 5B 1 B SR Rl YD ol
7r (IH) SBpH8)canidubtep ) du T dtde 1sbince ellri]ethst 68 bétslafiths 9'rcolumn
d t 168 B
grouy By P sk SRR L ERE AN % b Porariiqding 16, g Bnion bits of
the BY®-SRdrDRCsode Iwmiﬁ MEGRO0,n(F3ELH0, M1-36@1add @FG)Stzhre mapped
72854 008/.007 roup

o e CRaf e Eoeioims TRl TE Py PAS (bY@l undereo
shortdmeng)oAlctuaﬁNs wdenr @ IpYVESAgLDE CL68dB@Hth paH16200i ik sdesigned

f { : dj tdonally..
suchy iR 1A BCT ) i) A AT B in G LRl BB, bis
haVlgg(ﬁhmlengm)KmI(d X2~(2) n(3) n(4) n(5) n(6) n(7) n(g)

The shortening order information shown in Table 1 can also be expressed

as Table 2, in brief.

Table 2

Major  variables of
DVB-S2 LDPC code
Range of K, Shortening Method
1) 528 < K, <3240

N;=16200, K,=3240, M=360, g=36

3240-K, , shortens all of m
360

column groups corresponding to TE(O)th, n(l)th, .., and

For an integer m :"

n(m-1)™ column groups, and additionally shortens
3240-K,-360m information bits from a 7t(m)th column
group. Herein, m denotes a permutation function
meaning a shortening pattern, and a relationship
therebetween is shown at the bottom of the table.
However, when a part of a 7r(7)=8th column group is
shortened, the columns in the positions corresponding
to the 168 BCH parity bits are not subjected to
| shortening.

2) 168 <K, <528 Shortens all of n(0)®, =()® .., and =(6)" column




736524180 For adescription ofhanotgggoo

exenpl ary enbodi nent, a DVB-S2 code with Nl= ,
WQ@&%@Wyl\/n:sﬁo and g=25 will be described. TH¢d/ERA0SI07249

LDPC code has the follow ng weight-1 position

sequenccs. 20 712 2386 6354 4061 1062 5045 5158 21

2543 5748 4822 2348 3089 6323-5876 22 926 5701 269

3693 2438 3190 3507 23 2802 4520 3577 5324 1091 4667

244924 514020031263 4742 649711856202 04046

6934 1 2855 6614§gﬁﬁ®4 zmﬁ.;goamﬁg4gn5§ogggﬁﬁggggﬁeabr the
5 5924 290 6

4633 7877 10 38B Olég‘é‘g I%E‘%ég% %‘56‘”&6‘5 %‘%‘Qgﬂ&lg%?CH
5988 1057 14 74111ar345131ts'|' Heornt these()e8l eccianme ptowl. IBurther,
represents the i i. O

2000/ 072854 PCT! K g@?%ggﬁﬁgﬂ&ﬂgfa$d$%lﬁﬁ¥ﬁmﬂo?dﬂm from a

ith col um groupl T(R¥edetolumn gtoupan be appr eci at ed

n(yhall Aty DY B2 LRPG codgiys commesed gk, 20 (GOl (s)

grogps, ang— et inroracoh O gt —£ 94350y

7 _\he 3the codewor d| Bengt h| 2nd t et i nf or|riat i on|Bengt h|

desired to be obtained by perform ng shortening are N2
and K2, respectively, it is possible to find out
subdiﬂn aredesstiptive nohangthtt exesipdaydefibodtnédt, FaDVB X2 code

Wltﬂ—aﬁlﬁlé%O%?U&Lﬁﬂb,' 9\9'%%0°£nd g=25 will be described. The DVB-S2
LDPC code has the following weight-1 position sequences.

20712 2386 6354 4061 1062 5045 5158
212543 5748 4822 2348 3089 6328 5876
22926 5701 269 3693 2438 3190 3507
23 2802 4520 3577 5324 1091 4667 4449
24 5140 2003 1263 4742 6497 1185 6202
04046 6934

1 2855 66

26694 212

33439 1158

4 3850 4422

55924 290

6 1467 4049

778202242

8 4606 3080

94633 7877

10 3884 6868

11 8935 4996

12 3028 764

13 5988 1057

14 7411 3450

The /™ sequence sequentially represents the information on the position of




N1=16200, K1=7200, ML=360, =25 DVB-S2 LDPC code
Range of K2 Shortening Method 1) 528S K2 < 7200 For an
WO IEYR$S4m = 720 60 K, J , shortens all of m PEITRR20085007249
groups corresponding to R(o)th, 7U(1)th, , and
7t(lya-1)th colum groups, and additionally shortens
7200- K2- 360m information-Bdt-s froma 7t(111)th col um
group. Herein, 71 denotes a pernutation function
nmeani ng a shortening pattern, and a relationship
rows hveitteHeforesm i scottimangatupt Hherdfotd, cim dah lbdﬂ appakigted that the

DVEREY 058 B Babella 2ed o 4u58! 4B AL AR Fion

lengtlo is 2he366GS7 B Pérent thebéddewarrd Iengths il ela¢ énfformation length

rten| Shorte ald of n(Ot, . .
desifig oy 54088 ined by BeFtoriohe MR 0LS NB Ko Rty it is
possilslke wnm‘mdemct@pbopnmaﬂ Bleorteingpatterng ak kiefinediih (Tabk 3.

corresponding to 168 BCH parity bits fromthe
Tc(18)=19th colum group. Further, additionally
Tabkhbrtens 528-K2 information bits froma 1(19)=0th

ol um 1t(0) 1t(1) 1t(2) Tc(3) ic(4) nc(H)
Maj{ie ¥3tiahlgsy o 47146 3 12 11 4 10
st (SIS

c(] 8 S 19 Ulnthe sﬁortenlng

1‘512 I ﬂQed
f?%rﬁéjtfe realr Ft()?%ﬂ%ﬁgg?s fl  t3ge col’um gro

the additionall shortening is_achieve After step 611

in FIG 6, whe@'PHiRfcCORPIRPTy dingde Je@)" »tﬁél)LDPG and geler-1)"
WO 2009/ 072854 CBFEEﬁ;lf@%Q&w %9&%1t101251135%ﬁo@a9§ 17“§3§o K,-360m

puncturing injan_ LDP encodl ng procegs in step 61
The punct uri ngnfesmalan\iiis gl acE@t) beluptl 8(PUm Herem

brief. If a codenetd 4 ;g@hhnmsh afunw&@rﬁeam%g hegrtening

of an LDPC code are
respectivel y, | PREAT, H’é‘dl fhxli%lﬁﬁlplaﬁllp ﬂg@iﬁﬂ@t‘{f%ﬂbﬁt shqn at the

eventual | y bottom of the table.

However, when a part of a n(18)=19" column group is

| st_j_s?fé u j' %hbyteﬁseaﬁ %ffq;%ommn

shortened, the columns in the positions corresponding to
the 168 BCH parity bits are not subjected to shortening.

2) 168 < K, <528 Shortens all of 7(0)*, =(1)®, ..., and ©(17)" column
‘ groups, and shortens all columns except for the columns

in the positions corresponding to 168 BCH parity bits
from the n(18)=19" column group. Further, additionally
shortens 528-K, information bits from a 71(19)=0" column

group.

70) [m() [®m2) [n@B) |[m@4) |=n(5) |w®6) |n(7) |[w@® |mw9)
18 17 16 15 14 13 12 11 4 10
n(10) | n(1l) | w(12) | w(13) | =(14) | =(15) | n(16) | n(17) | =(18) | m(19)
9 8 3 2 7 6 5 1 19 0

In the shortening process, the additional shortening can be more easily
implemented if the process is sequentially performed from the rear or the front of
the column group where the additional shortening is achieved.

After step 611 in FIG. 6, when puncturing is needed, the LDPC encoder



fromthe DVB-S2 LDPC code with a codeword | ength N
and a information |ength KI using the shortening
WO 288428 de and t he puncturing technique, and (RCT/R2008/007249
given that Nr-N2=No and Kl -K2=Ko, it is possible to
get the LDPC code with a codeword I ength N2 and an
information length K2 by skértening KA bits and
puncturing (NA-Ka) bits froma parity-check matri x of
the DVB-S2 LDPC code. Assum ng that for conveni ence'
511 spkles puhgtutihg ipani L PPEaetcoding piyjeest adstep 613. The puncturing
the y length is NI-K1, there is
metff&ﬁ]wl S%FC%%PE 1610[%[%# fromthe parity part at
evelﬁl a(dddeigiord (lhbgﬂm;md)lmsmfbmavm ,len@hi afusn diDBC code are

e N SR —

fronplihctIDViBﬁQZtIeDﬁ’l@ qode \Ivrthtchlcsydeward ilengthr N¢ s, ai inforsnation

ensh3) 5 90 LSBT €At SRS BRI, o
givemhéaDVg IS§?_=MD@mi a%ldKzﬂEh,n@ is tpmembtmtd gat e M)R@rdmde with a
codésp&véf‘ éﬂéolg%’ Gnd: a1§qgfgf‘nia?loﬁl I%h &x §¥ s‘ﬁt %ipepgr}%r{{q R&s and

& £ranSni ssion appars
punetusmgr(ti\éﬁKm)gbm dces st pmtyt—ctfmcb\tﬁaﬁﬁi bDEE Pode-SFLAPJ code.

di |
s A0 s SOMCAIRL S0 88 BT A gy it
pun¢tDrggc sitles the parigi }eggtfolsaNl-&mdmrma mﬁfthbth@fgnmﬂn‘tng 1 bit

fronh ntYl%thHﬁra pale al rf\’%‘f‘?" @%Om/é@%%ftﬂﬁ‘s | HBL\H—:Q/?? vhfbus other

contr teni ng pat

meﬂacpfgﬂ Gagralypbe appht@@ﬂhﬁoplm@um technidhveck natrix
ext FBP?\SJK@@ ’thﬁf’é1 1@5‘ L% & ?gﬂﬁ{) rg%ugﬂ rg&?ﬁx?que In this

code's rex ex
partighibit eersd, 1tus>ﬂa@ss:1bbetqogcﬁ a pigiretficiemty shortefied DHBES2 LDPC

codé ngapg?}ﬁhéﬁ s‘ﬂ?ﬁ g%ﬁ%fa't?&ncrﬁgﬁl%‘a fo?’”f e PRIBKT [ Ip@ code usmg

e gl ve nsm ssi on appar at u
the simrtﬁamgaeattajersb@‘amem Taple e t ransm ssi on appar at us.

Th e Fﬁg?’h;%lotgg ?]19 & Qi@farll%h %ﬂﬁ?plé r@fr 4 ?ﬁn@ﬂg&%ﬁ %ﬁSaratus for

]@&tﬁném %@W@u@@ pr@:eéﬁ fcmnuh@ HB-33 DD}B@MﬁDdCTEIﬂ,G is a block
dlag%l’ﬁr Hﬁﬁtrﬁﬂn adid %5(@ | §fuctald O?Se?rtztaﬁsﬂl%s?m{ O%Jpgfattés using

he BOSI |ons of 'shortened bits, or re
S 01@@1 Ecradss peeerding toan ﬁ@bgﬂnn@rérfédhbpr@eﬁt umvienten.

par fThy- tr&rﬁ%‘ﬁgsﬁﬁté r%s"’ﬁnglu\ﬂ%ﬁ‘ EPecsadt, £ TRiDA: 910, a
detennining the s w@ﬁoa tern can ude a

shorégrang eatteg nm teéﬁﬁus 8 deisersity;chgek anaitia extractor 740,

and S8R9 RNIcRBodRatgeer N usi ng a sequence generator (not
shown), or use a density evol ution WO 2009/ 072854

Pmﬁkeidé%?wﬂz@paﬂ%cm pgirsx exigastpt KA readragts a shortened
LDHRIddd¢- sdaGEcHBRK T hatr@0 A The I IBPYEBodTRERRIChesk BRI can be

extracted from a memory, or can be given in the transmission apparatus, or can be
generated by the transmission apparatus.

The controller 710 controls the shortening pattern applier 720 so that it
can determine a shortening pattern according to an information length. The
shortening pattern applier 720 inserts zero (0)-bits at the positions of shortened
bits, or removes columns corresponding to the shortened bits from the parity-
check matrix of a given LDPC code. A method of determining the shortening
pattern can use a shortening pattern stored in a memory, generate a shortening
pattern using a sequence generator (not shown), or use a density evolution



The controller 710 controls the shortening pattern

applier 720 so that it can shorten a part of the

WO U REH on bits of the LDPC code in the pat tPEIH§R2008/007249
shown in Table 1 through Table 3. The LDPC encoder
760 perforns encodi ng based on the LDPC code
shortened by the controll ep6710 and the shortening
pattern applier 720. FIGs. 8 and 9 are bl ock diagrans
illustrating structures of a transm ssion apparatus

analpsid abgorthepfor apatitpehatiumatax add Bi¥Riteh L1PBEnsideie 1dn@th.
whi ch shortening and puncturing are both appli ed,
respectively. FIG 8 is a block diagramillustrating

an @hemmherbylesﬂrlOcziomxe)ls)theashcmaﬁﬁgdpaabﬂﬂa & 22080 that it

' hor,t di t

can Y5u8h SaRK SREE HBOBPRURRDS ATk R C $haS iR tn Safl shown
in Tatplpdr throsgloTableG. 8 furt her conprises a punct uring

optFL O P A B S L g o
shor&mef dehyi the @dntr?ﬂtrh‘sm)am@ thanghartenday patesin?q;bphem 2he

t { C 60 t

per T e Soank Moty Heeats 2 rafiie sl risfthmitsion

appa?ﬁms The @Lmecepnrl]omgapmtettas fnfcﬁﬁal DarB-830 [dpgo e:?gg toThwhmh
t ut t he DPC encoder . e
shorfeyl gﬁ%ﬁ ggé)(épf}ig?%ggﬁﬁ%@fﬁ}eﬁgrﬁgg&%e }4 described in
e i istae ill@str iexem cktructure of a
det BIG. i&n ist ﬂ)]ﬁdlschﬁgﬁhﬁllﬁtﬂji@e@l pﬂ)drgr kt t f

e BRI MASA B  S FRBAAA AL DR U eforting o

embetim¢dnifiihe psesapipinivenitiomccording to an enbodi nent of

R S0 I P KR LR B
pattarnaappiet t&8 dddedh  thentramsme@sionnappesttemafsii(y 7 hBeferring to

FIG S@ OL"t tcglg %g aBﬁFécﬁ?ted %ghgﬂgﬁlrnggg %\e}'érges& 8L %] t%\%ﬁg&ﬂtsgage of the

LDHCe ng¢¢demf7 6Orandsprancteneg 1®vaf8ﬁnt®mﬂmdetpms steearfithaddPC
enchfe?%bhe received signal. The reception apparatus
cludes, for exanple, a controller 910, a shortening
pat The pudetsrisgqatiest appli¢ros8Lapplicd 30incairitegrtadiieasusput of the

P T

detaidripwieges! 3 peFerfodul at ed signal to the short enl ng

g?}ﬁ%&g (?83§ baglpg%?s&légﬁﬂ NN UL 628 lary structure of a
reception apparatus using LDPC codes to which shortening is applied, according .
to an embodiment of the present invention.

Shown in FIG. 9 is an example of a reception apparatus that receives a
signal transmitted from a communication system using the shortened DVB-S2
LDPC code, and restores the data desired by a user from the received signal when
a length of the shortened DVB-S2 LDPC code is determined from the received
signal.

The reception apparatus includes, for example, a controller 910, a
shortening pattern decision/estimation unit 920, a demodulator 930, and a LDPC
decoder 940.

The demodulator 930 receives and demodulates a shortened LDPC code,
and provides the demodulated signal to the shortening pattern decision/estimation



unit 920 and the LDPC decoder 940. The shortening

pattern decision/estimation unit 920, under the
WO9AYe88540f the controller 910, estinmates or PEIACRRILS/007249

i nformati on on a shortening pattern of an LDPC code

fromthe denodul ated signal, and provi des position

informati on of the shorte®d bits to the LDPC decoder

940. A nethod of deciding or estimating a shortening

pattern in the shortening pattern decision/estimtion
unitfQ areptheclabPlsdecodesPél.t eni ng pattern stored in a

nmenory, or generate a shortening pattern using

sequence generator (not shown), or use a density

evollie shortemag patteral deoisiomestimation ymdr 92,-wtdee khe control of

the EByEoMarOft | osfinfiheit: S GL RibRRa BOh A et pate of an
LDRQ)cade from theDR@nddulatkal sigael, i andl plaidd0pédition Haformation of

e SOARE 55, FIBSEPREET.UE O, Ml o505 Wi

a shortening pasédshlin tiye starteming patterfindecidPQesemation 1914@20dcan use
o SR8 R 0 R, Ry T e SR i

sequdpre gengeatoy (narshawngfortuse s Hendignevadupan taakysis algorithm for
RN -1 QN - uni . is a block

@ pAfECHEORRERARY IO LV Ingdetation gl 7 7o of *a

r ec%p@q?fbﬁ rrppabilityy shaisialges pPchadaes! bis whillche zero (0) in the

0 [ n tianb A0 [ I ing .
LD BB {5 18R 1€ SopBYite 3B e FRGERA"R wi
decodg dpei ghortgmedr hitsshyofmeans, ofOthea I$MYCt dedadgr a0, using the
protHiGE 108 oP3t t ern deci sion/estimation unit 1020

replaces the shortening pattern decision/estimtion

uni t'hg2d RRC Flegoder Yfle iestorsst datas desisidobyapparstusirom the
reccpR] h%ﬁap‘a&tﬂ%nzi@%ﬂd@rﬂ %r%ﬁpgf QH@%BH%&H& D\h?-eS?t LDPC code by

shorténi ng and puncturifig pattern deci sion/estimation
meagof theslgortening patteraciestsiomcstipation usitOR0. f i r st

per fgim Hﬁtiﬁei%lgﬁ@'ﬁég%ﬂﬁegﬁﬁﬁ%in aflle J}?#Sfagﬂ;"ﬁﬂmt&re of a

can first perform pattern decision/estinatiomr on _
receptinBt ARNaAEYUS dﬂl%h%ﬁ%pﬂ%é@u@lmyh sherteoing pad tpameturing are

botHlBep1R A BEE IR B erRBo Bk %@w@%%@%@ﬁk%@{&%e coder

decision/estimati on on puncturin ¢ i
940 It escgptign ppRaRRABSHG. dR), ershpgeninghurd pwigigring pattern

deciBléiésiinhAtor InRMDO0 replaRes Ry mmﬂ' t idibnl/Stinati
A \/\g&?ﬁ} il lustrating an exenplary %@%etﬁﬁ %}Clg‘ljon/éstﬁlanon

umt(%;@r In a recepti on apparatus according to an
enbodi ment of the present invention. A denodul ator 930

recej ves and denpdul ates a shortened LDPC code in WO
200 D s transmiggon appagtesapplies both shortening and puncturing,

the shortening and puncturing pattern decision/estimation unit 1020 in the

reception apparatus can first perform pattern decision/estimation on shortening, or
can first perform pattern decision/estimation on puncturing, or can simultaneously
perform pattern decision/estimation on shortening and pattern decision/estimation
on puncturing.

The LDPC decoder 940 preferably has information on both shortening
and puncturing in order to perform decoding.

FIG. 11 is a flowchart illustrating an exemplary reception operation in a
reception apparatus according to an embodiment of the present invention.

A demodulator 930 receives and demodulates a shortened LDPC code in



-28 step 1101. Thereafter, a shortening pattern

deci sion/estimation unit 920 decides or estimtes a
WO28Y7@#i4ng/ puncturi ng pattern(s) fromthe defSdUcRR08H007249

signal in step 1103. The shortening pattern

deci sion/estimation unit 920 determnes in step 1105

whet her there is any short@ged/ punctured bit. If there

is no shortened/ punctured bit, a LDPC decoder 940

perfornms decoding in step 1111. However, if there is
stepshldrlt dihedéafiencd siicrtenbig pafternadeiimion/esiimgtiandnit 920 decides or

estiff 4 O eni LR RE el T ae Rpttularcd Sgnal in step
1103hor t ened/ punct ured bits to the LDPC decoder 940 in
7. 9.. b th i i . .
"ot SPattcstsihe bRl st RRE sthion fol 33 Slrminespinestep
11051ecwheuheﬁ4@hdet els M a1y’s sHltatertdaléptlmomlhx&Ul | bity Iff héfere is no
f short
sl PRp b B PSR O e B cen 11
Howiher eaf tthere ishehdrBirEddmoutiarcd98R()r ac slediserting salﬁb pili:&fhrmg
patefaC P onRREN TR ] G 370ds: dBe mosIRE HERRAto of the
shonpered/plexctetedrititsrip tige bARE desoddriHd® inmském gl(ﬁ possi bl e
t t I ddi.t
"L 10 S P2 bleoe o cl gL s, o
shoﬂh@nﬂCM]gllrtmlﬁIfeérlatﬁ, tho &M dldcedgt B40 wetermines trarahé pnolmblhty
that E{la%e\ée%g%rs'hgﬁeﬁgf ﬁ.ﬁ “’Tﬁf}%é ée g & r%p% %g[@“rl } 189st %1%? e/ }%ncrpured
bits asre cﬁrd$adg bite. Therepftesahe LIV dcondaradi® @roa:@ails imestepnl111
whe?«?‘ft‘rj;%gf SR BECSRLLUR é ge or computer code that can be

I'n a Trecor medi um such as a CD ROM an
RAMAsa i lappsent]ifskn thehfontgdingk deseriptiomatree presopt iredntion

proxﬂﬂ%sﬁ{)ﬂ%@]}ﬁ%bmﬁg QY ﬁla"‘fulgghvi@dégglé ot ﬁaéub%{h%ﬁgﬁ&%giome

escri el n can
colugiisn dnaadgbitien.atheppriepogeinventipat e, gmeratesmrab LDPC codes

havﬁgogﬁﬁggﬁtagaw%w P&@gﬁ@ I %fogglqt}gﬁb cglge'; Vgegfg[ﬁmy-check
matiiy én groommpricadpmsyséem using LPPsceedest or the
pr O%émg%egﬁrﬁﬁé’@ﬁ%tﬁ(ﬂfst e rﬂ?s?iléof t}féoﬁ%g&ﬁnﬁ%nﬁorg can be

etc ore or-rece
real@éfltmah@fd@\far%m goftwaige of mnpwthlenc)é@ dh@fse@h Mdstored in a

reco%%%%@&ilu%/ {11 a$ Y IEOM pe{rPE(%glglo rﬁﬁggﬁ’aﬁ%ard disk, or a

n‘{) ement e processi ng ‘met
magpgio-apkiead Fiﬁ»kem? i dewnlead Q@eﬂV@hMeaﬁdrlﬁeSQ rthet dhei miethods

desdre@ REEH [@nabe %Eﬁﬂequ’ ﬁ%&;cglr ggil:tfv:lg@ sﬂfgﬂa %foérﬁp purpose

it will be understood
COMPHER, Ylap SBedalchragessr on 1 @t@graﬁun@lelpaxncbdmye%bame such

as ahhBRSECNoMFPOUL  As would be understood in the art, the computer, the
processor or the programmable hardware include memory components, e.g.,
RAM, ROM, Flash, etc. that may store or receive software or computer code that
when accessed and executed by the computer, processor or hardware implement
the processing methods described herein.

While the invention has been shown and described with reference to a
certain preferred embodiment thereof, it will be understood by those skilled in the
art that various changes in form and details may be made therein without
departing from the spirit and range of the invention as defined by the appended
claims.



departing fromthe spirit and range of the invention

as defined by the appended clainms. WO 2009/ 072854
WORSH)/KR8308/ 007249 -29- WHAT IS CLAINMED | S: 1 PCA/IRRA0AHYP7249

for encoding a channel in a comunication system using

a Low Density Parity-Che 5 (LDPC) code, the nethod

conprising: (a) generating”a plurality of columm

groups by categorizing colunmms corresponding to an

information word in a parity-check matrix of the LDPC
WHA%’BJ@,CLAJMEWQ% ng the col utm groups; (b) deternining

a range of the information word desired to be obtained

by . perform short eni ng; ). based on_the determn ned

gl Bretho I FRAEE B TBRE, b P BHATHIG I GO LR Weing 2
Low-DeddRy Prrie@lChEak ¢ DT )sivde! #ieirmethotd dongprisdhgtrm gr oups

in o)‘rsder a.ccordlln Ioe%,cgélledeterm ne sho%tenl n% columns

paBeEfnerains &) PIERMS DR (SREURT GP; SRgOrZIn
correbpUIiAB Lo an iMithatidn Wdtd iffel prrtty adheck anatrik, ofthe TERC code,

pgrf,or ng col umm gr'oup- by-col umm group shortening in
and ordsring, ralgmn g8¥PEhortening all colum groups in

or gy deegaidhpd rangd betheriafebhenionnedrd désirddetoi begobtained by

pattern, and when a part of a particular colum group
perforging, hq 2> shortening no colums in positions

co r(&)?ﬁmb _ddt on gl?l’é Ql_lq?]diﬁliﬁ?‘ﬁ mx@eaibtﬁf ;chfr infii-mald{me vgirdmpéEGHning
ari s. . 3. e method of clai , e .
colua, e cobimme g shayethe it Do solEhoptups i opder
accordéng GPAPrddReSin itﬁe@lsly@n\;\iﬁliﬂgpmmgamg ﬁattern defi ned

in Wi ng,.t abl e n_ap i n shortening to an

L DEO) iﬁg)(ﬁ§ F"B?‘g%gg?ﬁ ﬁlqr%naﬁﬁﬁ%ﬁ’&ﬁ%mdme i's 16200

and a length of an information word is 3240; Major

varj ahl es of DVB-S2 LDPC code N1=16.200 =3
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3. The method of claim 1, wherein performing column group-by-column
group shortening in (c) comprises:

applying a shortening pattern defined in a following table when applying
shortening to an LDPC code for which a length of an LDPC code is 16200 and a
length of an information word is 3240;
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where N, denotes a length of an LDPC code, K| denotes a length of an
information word, M, denotes the number of columns constituting one column

group, and q is an integer satisfying the following equation:

q=N—-K)/M;

where K /M, comprises an integer.

4. The method of claim 1, wherein performing column group-by-column

group shortening comprises:

applying a shortening pattern defined in a following table when applying
shortening to an LDPC code for which a length of an LDPC code is 16200 and a
length of an information word is 7200;

Major variables of
DVB-S2 LDPC code

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

Scope of K;

Shortening Method

1) 528 < K, < 7200
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360

groups corresponding to m(0)™, Tc(l)th, .., and m(m-1)"
column groups, and additionally shortens 7200-K,-360m
information bits from a m(m)™ column group. Herein, ©

For an integer m —[




col um groups, and additionally shortens 7200-K2-360m

information bits froma 7t(nmt" columm group. Herein,
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where N; denotes a length of an LDPC code, K; denotes a length of an

information word, M, denotes a number of columns constituting one column
group, and ¢ is an integer satisfying the following equation:

q=N—-K;)/M;
where K /M, comprises an integer.

5. A method for encoding a channel in a communication system using a
Low-Density Parity-Check (LDPC) code, the method comprising:

(a) generating a plurality of column groups by categorizing columns
corresponding to an information word in a parity-check matrix of the LDPC code,
and ordering the column groups;

(b) determining a range of the information word desired to be obtained by
performing shortening;

(c) based on the determined range of the information word, performing
column group-by-column group shortening on the column groups in order
according to a predetermined shortening pattern; and

(d) LDPC encoding the shortened information word;




according to a predeterm ned shortening pattern; and

(d) LDPC encoding the shortened i nformation word; WO
WO BFRHS54 PCT/ KR2008/ 007249 - 32 wherei n pdGIGrRA0AE007249
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For an integer m= 360 , shortens all of m
column groups corresponding to ©(0)", ()™, ..., and
n(m—l)th column groups, and additionally shortens
3240-K,-360m information bits from a 7t(m)th column
group. Herein, m denotes a permutation function
meaning a shortening pattern, and a relationship
therebetween is shown at the bottom of the table.
However, when a part of a n(7)=8" column group is
shortened, the columns in the positions corresponding
to the 168 BCH parity bits are not subjected to
shortening.

2) 168 < K, <528 Shortens all of m(0)®, (1)® ... and 7(6)™ column
groups, and shortens all columns except for the
columns in the positions corresponding to 168 BCH
parity bits from the 7(7)=8" column group. Further,

additionally shortens 528-K, information bits from a

1t(8)=0th column group.
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additionally shortens 528-K2 information bits froma
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1) 5582 & oL B For an integer m =[7—2030?0£J , shortens all of m column
groups corresponding to m(0)", n(1)™, ..., and 7(m-1)"

column groups, and additionally shortens 7200-K,-360m

information bits from a 7(m)™

column group. Herein, =
denotes a permutation function meaning a shortening
pattern, and a relationship therebetween is shown at the
bottom of the table.

However, when a part of a ©(18)=19" column group is
shortened, the columns in the positions corresponding to

the 168 BCH parity bits are not subjected to shortening.

2) 168 < K, <528 Shortens all of m(0)", wm(1)", .., and 7(17)% column
groups, and shortens all columns except for the columns
in the positions corresponding to 168 BCH parity bits
from the 7r(18)=19th column group. Further, additionally
shortens 528-K, information bits from a 7(19)=0"
column group.

n0) ) |mM2) |nB3) |[m4) [n5) [n6) |m(T) |n(B) |mn(O)

18 17 16 15 14 13 12 11 4 10

n(10) {7(11) [n(12) |7(13) | n(14) |=(15) | n(16) | =(17) | =(18) |m(19)




in the positions corresponding to 168 BCH parity bits
fromthe Tc(18)=19th col um group. Further,
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7t (16) 7c(17) 7t(18) 7t(19) WO 2009/ 072854
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pattern applier applies a shortening pattern defined
in the follow ng table when applying shortening to an
LDPE Ebeepparatus of claim 8, wherein in performing column group-by-

column group shortening, the shortening pattern applier shortens all column
groups in order according to the predetermined shortening pattern, and when a
part of a column group is shortened, shortens no columns in positions
corresponding to 168 Bose-Chaudhuri-Hocquenghem (BCH) parity bits.

10. The apparatus of claim 8, wherein in performing column group-by-
column group shortening, the shortening pattern applier applies a shortening
pattern defined in the following table when applying shortening to an LDPC code
for which a length of an LDPC code is 16200 and a length of an information word
comprises 3240;
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- = = =36
DVB.S2 LDPC code | V1=16200, K1=3240, M,=360, ¢
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| ength of an information word
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where N; denotes a length of an LDPC code, K, denotes a length of an

information word, M; denotes a number of columns constituting one column

group, and ¢ is an integer satisfying the following equation:

q=(N—-

K)/M,

where K/M; is an integer.

11. The apparatus of claim 8, wherein in performing column group-by-

column group shortening, the shortening pattern applier applies a shortening
pattern defined in a following table when applying shortening to an LDPC code
for which a length of an LDPC code comprises 16200 and a length of an
information word comprises 7200;

Major variables of
DVB-S2 1.DPC code

N=16200, X;=7200, M,=360, g=25
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applier applies a shortening pattern defined in a
WSy t abl e when appl yi ng shortening to &¢THERIE08/007249
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16200 and a length of an information word conprises

7200; Major variables of NB616200, Kr-7200, ML=360,
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is an integer, satisfying the follow ng equation:
?Nl- K1) / ML g " shortens §/2 %2 information b%s rom a n(q9)—0th

column group.

n0) =) |m2) |[=B3) |[n@) |[=n(5) |=6) |n(7) |n8) |n(9)
18 17 16 15 14 13 12 11 4 10
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where N; denotes a length of an LDPC code, K; denotes a length of an
information word, M; denotes a number of columns constituting one column
group, and ¢ is an integer satisfying the following equation:

q=N;—K;)/M;

where K;/M; comprises an integer.

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

a parity-check matrix extractor for generating a plurality of column
groups by grouping columns corresponding to an information word in a parity-
check matrix of the LDPC code, and ordering the column groups;

a shortening pattern applier for determining a range of an information
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conprising: a parity-check matrix extractor for
generating a plurality of columm groups by grouping
col ums corresponding to a7i-nformation word in a
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360
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1) 528 < K5 <3240 J , shortens all of m

ﬂ;(m-l)th column groups, and additionally shortens
3240-K,-360m information bits from a 7(m)™ column
group. Herein, ® denotes a permutation function
meaning a shortening pattern, and a relationship
therebetween is shown at the bottom of the table.
However, when a part of a 11(7)=8th column group is
shortened, the columns in the positions corresponding
to the 168 BCH parity bits are not subjected to
shortening.

2) 168 < K, <528 Shortens all of w(0)®, n(1)®, ..., and m(6)" column
groups, and shortens all columns except for the

columns in the positions corresponding to 168 BCH




meani ng a shortening pattern, and a rel ationship

t herebetween is shown at the bottom of the table.
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DVB-S2 L.DPC code | ! . K1=7200, M;=360, ¢g=25
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However, when a part of a m(18)=19" column group is
shortened, the columns in the positions corresponding to
the 168 BCH parity bits are not subjected to shortening.

2) 168 < K, < 528 Shortens all of ©(0)%, =(1)™ .., and m(17)" column
groups, and shortens all columns except for the columns

in the positions corresponding to 168 BCH parity bits




denotes a pernutation function nmeaning a shortening
pattern, and a relationship therebetween is shown at
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16. The method of claim 15, wherein the information on a shortening
pattern comprises a shortening pattern defined in a following table;

Major variables of

N1=16200, K;=3240 =360. g=
DVB-S2 LDPC code | 1~ 16200, K1=3240, M,=360, g=36

Scope of K, Shortening Method
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360

column groups corresponding to 7(0)™", ()™, ..., and

For an integer m=[

n(m-1)" column groups, and additionally shortens
3240-K,-360m information bits from a n(m)™ column
group. Herein, m™ denotes a permutation function
meaning a shortening pattern, and a relationship
therebetween is shown at the bottom of the table.
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pattern conprises a short eni ng pattern defi ned in a
=3 8B el A AR SogSo R ksl diiat of an
1nf0mahoni Word M; denotes a number of columns constituting one column
group, and ¢ is an integer satisfying the following equation:
q=(N—K)/M;
where K /M, comprises an integer.

17. The method of claim 15, wherein the information on a shortening
pattern comprises a shortening pattern defined in a following table;

Major variables of

N=16200, K;=7200, M;=360, ¢=2
DVB-S2 LDPC code | ! > K1=7200, My 9725

Scope of K, Shortening Method

1) 528 < K, <7200 7200~ K,

”J , shortens all of m column
360

groups corresponding to w(0)", n(1)™, ..., and m(m-1)"
column groups, and additionally shortens 7200-K,-360m

For an integer m =[

information bits from a Tc(m)th column group. Herein, 1
denotes a permutation function meaning a shortening
pattern, and a relationship therebetween is shown at the
bottom of the table.

However, when a part of a n(18)=19™ column group is

shortened, the columns in the positions corresponding to
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permut ati on function neani'ng a shortening pattern,

and a rel ationship therebetween is shown at the

bottomof tThé ta \men rt a .
n(18)=19th rjxlﬂill%iég ﬁé&jﬁﬁ&dm SM@H}%-

2) 168hexpass on%smﬁreﬁg;pﬂmdcbmno 1@09/ O‘éa854c 1N column
) PCT/ KR2008/ 007249 - 41- (ﬁlvxqg ( )

he t
Cubj cct ed 1 o] SO APAGHOTERS FhercliBh: gpill, Fipghinns
all of n(0)t1in rthb) ositions cemdspuntig ’toCIﬁ&IB’CHr pamtgz bits

The posi ¢ 1 ons TEmrl aﬁg} T Eoles g ppddfonally
fromthe TC(J[&hGﬂtSﬁsh s8N igfeetmtiorurtiterfrom a 7w(19)=0"

additionally| shortens 528-K2 information bits froma
To(19) =0f ,|C Q0P 7c(0) 7 1) 7c(2) 7c(3) Te(H)

=} A S 1 P17

n(0) 796RY) Til9) Tei(3) Tok@) . |[7%(Y) )17 £61)15] £@)13] 429)

18 7dy7) addey 4doioy | ES NGRS mh%ﬁ)j.; 18
n(100gnqLes. ac(ngﬁc ﬁugj MPPGT.-(qcsg!e nm)dpﬁpms a(1®NgH19)

off ami[nf or mgrj on ﬁenor S a punber $
_coldumms |éanst iltdit | nT/\‘D cof um gr aup! - and IL? s an0
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using a Low-Density Parity-Check (LDPC) code, the apparatus comprising:

a demodulator for demodulating a signal transmitted from a transmitter;

a shortening pattern determiner for determining a position of a shortened
bit by estimating information on a shortening pattern of an LDPC code from the
demodulated signal; and

a decoder for decoding data using the determined position of the
shortened bit.

19. The apparatus of claim 18, wherein the information on a shortening
pattern comprises a shortening pattern defined in a following table;

Major variables of

=16200, K;=3240, M;=360, =36
DVB-S21DPC code | ! ! ! 1

Scope of X, 4 Shortening Method
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where N; denotes a length of an LDPC code, K; denotes a length of an

information word, M; denotes a number of columns constituting one column

group, and ¢ is an integer satisfying the following equation:

q=N—K)/M;

where K1/M; comprises an integer.

20. The apparatus of claim 18, wherein the information on a shortening

pattern comprises a shortening pattern defined in a following table;

Major variables of
DVB-S2 LDPC code

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

Scope of K, Shortening Method

1) 528 <K5 <7200 | For an integer m= [MJ , shortens all of m column

360
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where N; denotes a length of an LDPC code, K; denotes a length of an
information word, M; denotes a number of columns constituting one column
group, and ¢ is an integer satisfying the following equation:

q=N—-Kp)/M;
where K1/M; comprises an integer.




