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require high data throughput and reliability, such as the next-generation mobile com-
munication, digital broadcasting, and portable internet, it is important to develop tech-
nologies for overcoming the channel noises, fading, and ISI. Recently, an intensive
study of an error-correcting code has been conducted as a method for increasing com-
munication reliability by efficiently recovering distorted information.

The LDPC code, i.e., a type of error-correcting code, is generally defined as a parity-
check matrix, and can be represented using a bipartite graph, which is referred to as a
Tanner graph. The bipartite graph means that vertexes constituting the graph are
divided into two different types, and the LDPC code is represented with the bipartite
graph composed of vertexes, some of which are called variable nodes and the other of
which are called check nodes. The variable nodes are one-to-one mapped to the
encoded bits.

FIG. 1 illustrates an example of a parity-check matrix H; of the LDPC code having 4
rows and 8 columns.

Referring to FIG. 1, because the number of columns is 8, the parity-check matrix H;
is an LDPC code that generates a length-8 codeword, and the columns are mapped to 8
encoded bits.

FIG. 2 illustrates a Tanner graph corresponding to the parity-check matrix H; of FIG.
1.

Referring to FIG. 2, the Tanner graph of the LDPC code includes 8 variable nodes x,
(202), x, (204), x5 (206), x4 (208), x5 (210), X (212), x; (214), and x; (216), and 4
check nodes 218, 220, 222, and 224. An i column and a j* row in the parity-check

matrix H; of the LDPC code are mapped to a variable node x; and a j* check node, re-



is an LDPC code that generates a length- 8 codeword, and the columms are
mapped to 8 encoded bits. [6] FIG 2 illustrates a Tanner graph
corresporiDrgIY1®w79%e parity-check matrix H of FIG 1. [PZI/HRDEYMW0DIZY to

FIG 2, the Tanner graph of the LDPC gode includes 8 variable nodes X1
(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. An ith colum and a | 1row
in the parity-check matrix H of the LDPC code are napped to a vari abl e
node Xland a j l1lcheck node, respectively. In addition, a value of 1, i.e.,
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Wien a number of degree-i variable nodes to the total number of variable nodes is defined as f;,
and a ratio of the number of degree-j check nodes to the total number of check nodes is
defined as g;. For example, for the LDPC code corresponding to FIGs. 1 and 2, f,=4/8,
£3=3/8, f,=1/8, and =0 for i#2, 3, 4; and gs=3/4, g¢=1/4, and g;=0 for j#5, 6. When a
length of the LDPC code, i.e., the number of columns, is defined as N, and the number
of rows is defined as N/2, the density of non-zero entries in the entire parity-check
matrix having the above degree distribution is computed as shown Equation (1).

[10]
2f,N+3f,N+4f,N 525

N-N/2 N
.......... €))
[11] In Equation (1), as N increases, the density of 1's in the parity-check matrix

decreases. Generally, as for the LDPC code, because the codeword length N is
inversely proportional to the density of non-zero entries, the LDPC code with a large
Nhas 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.

[12] FIG. 3 schematically illustrates an LDPC code adopted as the standard technology in
Digital Video Broadcasting-Satellite transmission 2™ generation(DVB-S2), which is
one of the European digital broadcasting standards.

[13] In FIG. 3, N, and K, denote a codeword length and an information length (or length
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| ength of the LDPC code, i.e., the nunber of columms, is defined as N, and
the nunber of rows is defined as N2, the density of non-zero entries in
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conput ed as shown Equation (1). [10] 2/ 2N +3/ 3N +4/ 4N 5,25 N-N2 N (1)
[11] In Equation (1), as N ncreases, the density of I's in the parity-check
matri x decreases. Generally, as for the LDPC code, because the codeword

|l ength Nis inversely proportional to the density of non-zero entries, the
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[171 Rule 2: First, positions of 1's in each 0% column in i"column groups (where i=1,....K, /

M,) are determined. When a degree of a 0* column in each i** column group is denoted
by D,, if positions of rows with 1 are assumed to be

1) pi2) )
R4 s RyG seees Rig
, positions

Rif’;.)(k =1,2,....D))
of rows with I are defined as shown in Equation (2), in a j* colomn (where

j=1,2,...,M-1) in an i* column group.
18] k) _ plk
[ R =R, +qmod(N, - K)),
k= 1,2,...,DI., i= 1,...,K1/Ml y J= 1,,,_,M] -1

[19] According to the above rules, it can be appreciated that degrees of columns
belonging to an i 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 more detailed example will be given.

[20] As a detailed example, for N,=30, K,=15, M;=5, and q=3, three sequences for the in-
formation on the positions of rows with 1 for 0" columns in 3 column groups can be
expressed as follows. Herein, these sequences are referred to as "weight-1 position
sequences."”
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follows Rule 2 below [17] Rule 2: First, positions of 1's in each Oth

colum in il hcolum groups (where i=l ,...,Kl/ M) are determ ned. Wen a
degree ofwa 200édnocwbum in each ith columm group i s denotred/KR208i000920

positions of rows with 1 are assuned #o be &(1) n(2) n, ) L (,O0" i.0L
,, O, positions * ( =1,2,...,2),) of rows with 1 are defined as shown in
Equation (2), in a jth colum (where j=I ,2,...,M- 1 ) in an ith colum
group. C18] * - + od -Jf 1), IA... =, /Al =A1- 1 (2) [19] According

to the above rules, it can be appreciated that degrees of columms bel ongi ng
to an ilh colum group are all equal to D. For a better understanding of a

structure[21f a SX 3 S2 Lliﬁovgfi dat stores information on the parity-check
matri x accordin “tge ar@l he foll owi ng nore detail ed exanple

will be given. zcha le, for K15 M=5  and gq=3, three
sequences for t 2on“ Q?Rﬁa [ 2pole tgesitions of rows with 1 for Olh
colums in 3 col ca sed as follows. Herein, these
sequences are r Lgaé) {]Qoe%;(lnt— ﬁsaosi tion sequences."[21] Li?l(,10)

OLI(,20) 11 L I( 30 ) 2 [22] Regarding the weight- 1 position sequence
for Oth cE2inns Regardiag theoightrh popiton pequenrse YortOh eolemny is sprbredivmg gos.i t i on
sequences can Qﬁlmeoﬁ‘gszsﬁhlﬁgspofsﬁbﬂ Q4BentRcaPBCd pfeficll B folbvAUB: cabtPr  exanpl e:

[23] 0 12 [24] cglupimﬁ%tu Ol_e)fam% 14. [26] That |s the i[h weight- 1
posi tion ?2%?uence € sequentially represents the in

[24] 01113

251 010 14.

[26] That is, the i weight-1 position sequence in the i line sequentially represents the in-

formation on the positions of rows with 1 for the i* column group.

[27] It is possible to generate an LDPC code having the same concept as that of a DVB-
52 LDPC code illustrated FIG. 4, by forming a parity-check matrix using the in-
formation corresponding to the detailed example, and Rules 1 and 2.

[28] It is known that the DVB-S2 LDPC code designed in accordance with Rules 1 and 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.

[29] In the following description, as a detailed example, a DVB-52 LDPC code with N,
=16200, K,=10800, M,=360, and q=15 undergoes an encoding process. For con-
venience, information bits having a length K, are represented as

(s fjens i 1)

, and parity bits having a length (N,-K;) are expressed as

(Pos Prseves Prgyt)

[30] Step 1: An LDPC encoder nitializes parity bits as follows:
31 — — = —
B py=p =..= Pk = 0

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

[33]

[34] 02084 1613 1548 1286 1460 3196 4297 2481 3369 3451 4620 2622
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formation on the positions of rows wwth 1 for the i"1colum group. [27] It
is possible to generate an LDPC code havi ng the sanme concept as that of a
DVBS2 LDR€ocodeiorddbustrated FIG 4, by form ng a parityPchameooseiond2e usi ng
the in formation corresponding to thesdetail ed exanple, and Rules 1 and 2.
[28] It is known that the DVB-S2 LDPC code designed in accordance with
Rules 1 and 2 can be efficiently encoded using the structural shape.
Respective steps in a process of perform ng LDPC encodi ng using the DVB-S2
based parity-check matrix will be described bel ow by way of exanple. [29]
In the follow ng description, as a detailed exanple, a DVB-S2 LDPC code
with N, ggkp undergoes an encodi ng process. For con venience, information
bits having a | Rﬁi=%ﬂ4&z‘?{§bp16ése?ﬁ¥etﬁ4&9?{ﬁ9128ﬁ. "-""AT,-1/ , and parity

)|
bits having a | cyLE“.ﬁW‘”K %98»? ‘a\fgé&; @3’]85%?@2*{%99#8& ep 1: An LDPC encoder

initializes pari 'SthS & LDPC encoder reads

i nformation on rafs sedierE -24620,i 8562 ed in a col um group froma O*
wei ght-1 position sequence out of the stored sequences in dicating the
parity-chBék natlibekDPL38jod¢r3pflates pRoRWaiBtiey 6 p8n de8@antd §0h Bqesom397 2481

3369 3451 4620 u2fiRakbdad MidrfHafon ad TedkQ nformati@Pifit ip. 2eiedn, xiis FvahR69, - SUL =
3451, = 4620. =,2622. [36] The LDPC encoder updates particular parity bits

p in accordance™ th Equation (3), using the read information and the first
information bit gg. Herein, x is a value of for = U...,13 [37] popoi o
, P2(m=P2064 i o> Pi6i3 =Pi6 i3 (c)'o" Pl - Pl46Q = PI460 (c) O
P31% P3196 O P42952.=,1B4297 (r) P2481 = P2481 0 P3369 = P3369 O> P34S1 =
P3451 0> P4620 ~ P 4620 0O

37 — . _ . R

137] Py =Py Dy, Paoss = Paes Digs Pz = Pigis @iy,
Pists = Pisis Plys Progs = Progs @los Prago = Prago Di,,
P19 = P31os Doy Pazgr = Pazor ®lgs  Pasgy = Possy Dy

Disso = Pyzgs Plyy  Dagsy = Paasi Ploy Puszo = Pagao @y
Paszr = Do @By

[38] In Equation (3),
p x = p x @ i0
can also be expressed as
p x « p X @ iO
, and
D
represents binary addition.
[39] Step 3: The LDPC encoder determines a value of Equation (4) for the next 359 in-
formation bits 1,, (where m=1, 2, ..., 359) after i,.

[40]
{x+(mmodM,)x g}mod(N, = K,), M, =360, m=12,...359

[41] In Equation (4), X is a value of
R¥ (k =1.2,...,13)

. It should be noted that Equation (4) has the same concept as Equation (2).
[42] Next, the LDPC encoder performs an operation similar to Equation (3) using the
values found in Equation (4). That is, the LDPC encoder updates parity bits
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0 (3) [38] In Equation (3), can also be expressed as Plr- Px i0, and Q
represents binary addition. [39] Step 3: The LDPC encoder determ nes a

val ue of wguassiwmep4) for the next 359 in formation bit ecrmEeévane20=l , 2
.,, 359) after i0. t4 3 1A ..,359 (4) [41] In Equation (4), x is a value
of . It should be noted that Equation (4) has the sane concept as Equation
(2). [42] Next, the LDPC encoder performs an operation simlar to Equation
(3) using the values found in Equation (4). That is, the LDPC encoder
updates parity bitsP{x+(mmdM, )x<jr}nmod( Nl- K) for im For exanple,
for nel, i.e., for 1, the LDPC encoder updates parity bits as defined in

Equatlon (5. [43] p5- pis f 2099 2099 (r) #628 P 1628 (c) 2P 563 = 71S
t PI301 = P i

47 | >Pml =i321 1 | " A312 = P4312
(c) | ' 2496 =(Qp%§€mﬁé§§%m ‘gh(c)— ?34621I> Pksss = é%é35 (r) * (c) (5)
44] 1n Equat f
Ll !5 Eaet gl bt e LR RS BB IR L 005"

in Step 2 “the y@gﬂlggﬁgggo reads information of the 1st weight- 1 position
sequence

as defined in Equation (5).

[431 Pis=Pis@hs  Dass = Paoss @iy Piozs = Proas D1
Disss = Pisss Dls Do = Pisor @ his Puazs = Pras D
Piony = Paon Qs Pasiz = Pisiz @5 Dasgs = Paass P,
Dasss = Psga Phts Prags = Prags Dhs Passs = Passs @
Dasy1 = Paszr D

[44] In Equation (5), q=15. The LDPC encoder performs the above process for m=1, 2, ...,
359, in the same manner as described above.

[45] Step 4: As in Step 2, the LDPC encoder reads information of the 1 weight-1 position
sequence

R$) (k=1,2,..,13)
for a 361%information bit is¢, and updates a particular py, where x is
B,
. The LDPC encoder updates

p{x+(mmodM,)xq}mod(N,-—K,)5 m = 361,362,.-..,719

by similarly applying Equation (4) to the next 359 information bits iz, iz, ..., i71s
after i35[).

[46] Step 5: The LDPC encoder repeats Steps 2, 3, and 4 for all groups each having 360
information bits.

47 Step 6: The LDPC encoder finally determines parity bits using Equation (6).
[48] .
pf':pi@pi—l’ I=1:2:---;N1"Kl—1

[49] The parity bits p; of Equation (6) have undergone LDPC encoding,
[50] As described above, DVB-S2 performs encoding as described in Steps 1 to 6.
Disclosure of Invention

Technical Problem
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R(k 1,2,...,13) for a 361 stinformation bit i360, and updates a particul ar
px, where x is . The LDPC encoder updates by simlarly applying Equation
(4) to thworneow103®® i nformation bits 136 , 1362, ..., | PCUKK20ev000B80. [ 46]
Step 5: The LDPC encoder repeats Step% 2, 3, and 4 for all groups each
having 360 information bits. [47] Step 6: The LDPC encoder finally
ilet elr m‘([gf]s[ quh?yddakd spplip 'thg;uﬁvma@c%m tﬁ@qtuil%l}émﬁirl]ncaﬁah s%ker%,khé.L%gg.. Jv, -
- e rity. bi of atio ave under gone
encodi ng. 1 56peenoylie delianed b Ml &S Dot Sn e i 5 438 RuEEE P 1 1
Steps 1 to 6syiddemcPasurlalnfll.DR(Venics baviligchmisaod®ralllerdttsldre heededder to
apply the LDR iﬁ gpg(m ' ' .1 he )
shoul d be degl%él?g%%rfgg%gﬁga%fg%%?ér ' tﬁéﬁ%@fé@@ﬁ%ﬁ ir}le#aﬁr?\% Egﬂﬁm
conmmruni cat i omicgiign ayptenpamplayieddyrid Ampmagie Reyarranissien iedfiueti SHAGIDvimed

I engths are neRggek VRJISMAGPLLD ¥adihOUEMEDE and AlELH AGRRhEHiRdichQyilg system
requirenments in an ada t|S¥e commu nhj cati on system enpl oyi ng Hybrid

Aut onat i ¢ Ref'PRREMSE: BRELASSICIIEARQ) and Adapt i ve Mbdul ation and Codi ng
(AMC), [smd al SBoweves as dasuibed abdvenths Y IRt &i¢pped tn thg DAB-SQugstén das orlgt
services. [5 However . as scri hed. above he LDPC code ed ip~the DVB
"% syat em noko o OF e BpEERER B OB o o iaf B YR L Pk o
and each typesofantihdepeDRO! paily-disgsmatmixi Adepdmginthepaisiatlpng fedcieedan thex .
Accor di .”9' Y, ahhglr £mlethofl fl)losg‘@' J)I?ilng VRE&E do'ae\tv&?i léﬁéthg i &e&%_teQQQdifbgfty and
supporting various codewor Pen hs to I ncrease extenglbllgpy an
flexibility dRXHEYS)esHtepaPufieypey.ip thg RVBne2 pypnsiragyaissinn of fdfAsni ssi on
of data havi ngyisgVvefedd] hiHMHLGSthb®ahddrsAR dsn@tiedidr $rahSm@eO0EchAiAE in-

2 havi ngyiagvercli 1 . g
Lm0 R e S TRb o s B s e G 00 A 24222,
for support @fVB&2ilddBC codtewetrelislaesmidjtanseed for support of various codeword lengths.
However, because storing independent parity-check matrixes for respective codeword
lengths of the LDPC code may reduce memory efficiency, there is also a need for a
scheme capable of efficiently supporting various codeword lengths from the existing
parity-check matrix, without requiring a new parity-check matrix.
[53] It is noted that reliabilities of bits included in high-order modulation symbolsare
different when high-order modulation is used in the communication system requiring
an LDPC code with various codeword lengths, unlike when the high-order modulation
is applied in the communication system employing only Binary Phase Shift Keying
(BPSK) or Quadrature Phase Shift Keying (QPSK).
[54] In order to demonstrate the reliability difference in high-order modulation, a de-
scription will now be made below as to signal constellations for Quadrature Amplitude
Modulation (QAM), which is high-order modulation commonly used in commu-
nication systems. A QAM-modulated symbol includes a real part and an imaginary
part, and various modulation symbols can be generated by differentiating magnitudes
and signs of their real parts and imaginary parts. QAM will be described together with

QPSK modulation in order to more clearly provide the details of QAM characteristics.

[55] (a) of FIG. 5 schematically illustrates a signal constellation for a conventional QPSK
modulation.
[56] Referring to (a) of FIG. 5, y, determines a sign of a real part while y, determines a

sign of an imaginary part. That is, a sign of the real part is plus (+) for y,=0, and minus
(-) for yo=1. Also, a sign of the imaginary part is plus (+) for y,;=0, and minus (-) for y,
=1. Because y, and y; are equal in error occurrence probability, as they are sign in-

dication bits that respectively indicate signs of the real part and the imaginary part, re-



However, because storing independent parity-check matrixes for respective
codeword | engths of the LDPC code nay reduce nenory efficiency, there is

al so a new0 2evi0m98chene capabl e of efficiently support POT/KR20WEI200dewor d
| engths fromthe existing parity-check matri x, w thout requiring a new
parity-check matrix. [53] It is noted that reliabilities of bits included
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QM . sy ch IRerbiaROUsIon FIOUIAL |07, SOrTTRBl YU diid O GRITRINEAQRI
sys ens.
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and various ROYE Isaﬁqlﬁ%%é’y‘h%“df@n@é{hg%%mt}%%?]&flé‘ad BW@PW%%‘”AP ? ! fe-
magni t udes aRpecsivgilyswafle bllneylrand@zaﬂetpﬁnlhs aatp anfragniganﬁtud@aﬁ‘ms 1m@q\Merhft be

descri bed togeth duI tlon i.n or re clearl ovi de
the derar | s ofPrsihielhaPact o BpY afmals UPuShtRe o RAE RlERbrt ol §
illustrates ahesmgdidhtlmmlgnaélwlatq nmnﬂafde&ﬁrmmweagmmd@ of@lSteahmjmmju on [ 56]
Referring to i yi
dot o i nas a 'aranfy PR ar e m AR ARty S @tinglisfink SR mINEY) |
plus (+) for SigBas cawey thmmgtn(gu}s frtgra %gmtudNOE the raocgilﬁﬁl genalne dygirdar y
part is plus n{gher fnodrrrdfloc&m@@@l fﬁbﬂbiﬁt}(th)m (Pz[n dW. Hlelefoﬁeﬁmﬁﬁs ¥Onanélrot  are
equal in error occurre

pro 65 F are SI dlcqﬂlon bits
that respect VEIYF B ﬁlflg 18§ ﬁs “3 %i’ﬁlgs rd e ?'O_é’hﬁ AEST HE Yo Bart
reliabilitiey,of), mhich zye )ncbldteé nca)QAe‘ﬂpmmhilan@ntsignahanhlmjuhbm(bfmrQBSIgnaI are
equal in QPS t he second subscript index g

i ndi cates a lﬁld%ﬁg‘}logts if‘%sdllyf%gﬁp% %ﬂllhtﬁea nodul ation signal. [57] (b) of
FIG 5 [é?:]herratlndé+£f§zM Ilnpdulﬁtatnqt, iamgng 4diitg mansticw ngtaedigrad, i2dhitsfdsterminsovgnseti onal
16- QAM nmodul gtd @1 pa-O&L 1&%&&5@ £t 3Qhd anzﬁfang tHe remaini ¥ b¥d only Reed/B)

correspond to bits of one nodudlation si
determine magnitudes of the real part an 1mag1nary part of the signal. Thus, orders of

(Yo, Y1, ¥2, ¥3) and a role of each bit are subject to change.

[60] (c) of FIG. 5 schematically illustrates a signal constellation for a conventional
64-QAM modulation.
[61] From among (yo, Y1, ¥2, Y3, Y4, ¥5), Which correspond to bits of one modulation signal,

bits yo, y», and y, determine a magnitude and a sign of the real part, and y;, ys, and ys
determine a magnitude and a sign of the imaginary part. Here, y, and y, determine
signs of the real part and the imaginary part, respectively, and a combination of y,and
y;and a combination of y; and ysdetermine magnitudes of the real part and the
imaginary part, respectively. As described above, because distinguishing signs of a
modulated signalis easier than distinguishing magnitudes of the modulated signal, reli-
abilities of y, and y, are higher than reliabilities of y, ys, y4 and ys.

[62] The bits y, and y,are determined depending on whether a magnitude of the
modulated symbol is greater or less than 4, and the bits y, and ysare determined
according to whether the magnitude of the modulated symbol is closer to 4 or 0, with 2
centered therebetween, or closer to 4 or 8 with 6 centered. Accordingly, a range in
which the magnitude is determined by y, and y; is 4, while a range for y. andys is 2.
Therefore, y, and ys is higher than y, andys in reliability. As a result, yo=y; >y>=y3 >V
=ysin terms of non-error occurrence probabilities (i.e., reliabilities) of the bits.

[63] In 64-QAM modulation, of 6 bits constituting a signal, 2 bits determine signs of the



More specifically, bits yO and y2 determ ne a sign and a nagni tude of the
real part, re spectively, while bits Y1 and y3 determne a sign and a

magni t udewof20a®799ragi nary part, respectively. That is, Pg@/Rd0NDOLSt er M ne
signs of the real part and imginary part of the nodul ation signal, while
y2 and y3determ ne nmagnitudes of the real part and inmaginary part of the
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det er ni ne si @ﬁ%aum th@ﬁ@leﬁ aid rebal?lﬂltlm hlﬁénql\a%@ lﬁarsymbalr gre drf&g%cwhwr y, and
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[62] The bits are determn magni t ude of
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closer to 4 or O, centered therebetween, or closer to 4 or 8 with 6
cent er ed. Acafﬁ(‘dlmgal/SOHIt#Mge in
[66] The present invention hasbeen designed to address at least the problems and/or disad-

vantages above and to provide at least the advantages described below. Accordingly,
an aspect of an embodiment of the present invention is to provide a channel encoding/
decoding method and apparatus for generating, from a given LDPC code, an LDPC
code with a different codeword length using shortening or puncturing determined in
consideration of high-order modulation, and encoding and decoding a channel using
the generated LDPC code in a communication system.

[67] Another aspect of an embodiment of the present invention is to provide a channel
encoding/decoding method and apparatus for providing optimal performance con-
sidering a DVB-S2 structure in a communication system using LDPC codes.

[68] In accordance with an aspect of an embodiment of the present invention, amethod is
provided for encoding a channel in a communication system using a Low-Density
Parity-Check (LDPC) code, in which a transmission modulation scheme for a symbol
is determined, columns corresponding to an information word in a parity-check matrix
of the LDPC code are grouped into a plurality of column groups, the column groups
are ordered, a range of an information word desired to be obtained by shortening is de-
termined, column group-by-column group shortening is performed on the column

groups in an order according to a shortening pattern determined in consideration of the



whi ch the magnitude is determned by y2 and y3 is 4, while a range for y4
andy5 is 2. Therefore, y2 and y3 is higher than y4 andy5 in reliability. As
a result ,woaeyw1029p8=y3 >y4 =y5in terns of non-error occRCTAR2009/000929
probabilities (i.e., reliabilities) of0t the bits. [63] In 64-QAM nodul ati on,
of 6 bits constituting a signal, 2 bits determ ne signs of thereal part and
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Therefore, thgden LHPE drBBGdof DDPEneRAE HelkhoRdtdTRiohagidORogiener ati ng an
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LDPC ¢ usi shorteni ng or puncturi.ng in

ot a0 TAUATEATCSoN DG B titan sPROERH R LR SR HALBEER es: gned
t o address atmdtlsalit ptdvédgarfobliedingradthanned iirs adovanh@gie sybheweusnda timwr ovi de
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decodi ng net Heaodwdtedpip &rdetasifedrwhpsire tlzere mgt ldasigmeahgitansd bitDPtecdete, an
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determ ned in consideration of high-order nodul ation, and encodi'ng and
decodi ng a chAHHEE 1@9%1()“ about a shortening pattern when there 1s at least one shorténed bit,

and data is decoded using the determined position of the shortened information bit. The
information about the shortening pattern includes a shortening pattern determined in
consideration of a modulation scheme.

[71] In accordance with another aspect of an embodiment of the present invention, there is
provided an apparatus for decoding a channel in a communication system using a Low-
Density Parity-Check (LDPC) code. the apparatus includes a shortening pattern
estimator for demodulating a signal transmitted from a transmitter, determining
whether there is at least one shortened bit in the demodulated signal, and when there is
at least one shortened bit, determining a position of the shortened information bit by
estimating information about a shortening pattern, and a decoder for decoding data
using the determined position of the shortened information bit. The information about
the shortening pattern includes a shortening pattern determined by consideration of a
modulation scheme.
Advantageous Effects

[72] The present invention can generate a separate LDPC code with a different codeword
length using information on the parity-check matrix given in the communication
system that uses high-order modulation and an LDPC code.

[73] In addition, the embodiments of the present invention can perform shortening using



the generated LDPC code in a comruni cation system [67] Another aspect of
an enbodi nent of the present invention is to provide a channel

encodi ng/\wecodgnet hod and apparatus for providi ng opPCERER2p@vd0029NCE
con sidering a DVB-S2 structure in a ©”omruni cati on system usi ng LDPC codes.
[68] In accordance with an aspect of an enbodi ment of the present
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desired to be o tal ne orteni ng, base range of the
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col um QFOUP%41 A%@Hﬂﬁﬁorﬁ&s‘é@ﬁﬂjhﬁ%lttapcﬁnrﬁﬁlﬂﬁﬁt%'s@&eﬁattern determ ned in
consi deé tion det er m ned %t?o ul atii on schene; _and an LDPC encoder_for
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transmtter inmddbodul ated, it is determ ned whether there is at | east one

short erﬂgﬂ bi t (ibf'oftm. qqllustrates an example of signal constellation/bit mapping modified by

shortening in 16-QAM modulation;

[85] (a) of FIG. 8 illustrates an example of signal constellation/bit mapping in 64-QAM
modulation;
[86] (b) of FIG. § illustrates an example of signal constellation/bit mapping modified by

shortening in 64-QAM modulation;

[87] FIG. 9 illustrates a procedure 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;

[88] FIG. 10 illustrates a block diagram of a transmission apparatus using a proposed
shortened LDPC code according to an embodiment of the present invention;

[89] FIG. 11 illustrates a block diagram of a transmission apparatus using a proposed

shortened/punctured LDPC code according to an embodiment of the present invention;

[90] FIG. 12 illustrates a block diagram of a reception apparatus using an LDPC code to
which proposed shortening is applied, according to an embodiment of the present
invention;

[91] FIG. 13 illustrates a block diagram of a reception apparatus using an LDPC code to

which proposed shortening and puncturing are both applied, according to an em-



nodul ated signal, a position of the shortened information bit is determ ned
by e s timating i nformati on about a shortening pattern when there is at
| east onewehoewm®d bit, and data is decoded using the @®eTa&RREPAHONROSi tioONn
of the shortened information bit. Thel2i nformati on about the shortening
pattern includes a shortening pattern determ ned in consideration of a
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information ki i long: 10f ormati on about a shortening pattern, and a
decoder for gg?:)gg%fr?gst g’[lgwuegl?lnddpt he determ ned position of the shortened

i nf or md®4lon bithe fohewingfdesaretivn witbeferench & ther¢emanyingairaeings ispedudet a
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Advant ageous Effects | resent 1 nvention can _generate a separate
LDPC code wi tafigeddy the chegps ershidais eauivalgpienlt insiuslgs Vs ragqidhdeaily lessist

parity- check irgfat hﬁﬁe@téﬁﬁlﬂlcg, But tAseABNMHOE B &&ﬂtrﬁéﬁﬁiﬁ[ﬂﬂi’t_ﬁins.%@%r&ihgg; or der
modul ati on agl? an.L PC c%ﬁ 7% I nlrﬁaddl ti Otﬁ t he e%‘ﬁ{qdl %Bt s?ﬂp% Lhe
present i nvertIBAT ERHTEER I INHEY YRR Y PT AR ESHBE BTG USR: ¢ er ns
accor di ng t o ofetudngtodonesc esnebed Bn¢ie fcaiDbs orailg withoutafepDtiapifrogsthe ZddpeThe
above and ot elf . : . al i.pents of
cbove 0 O UGE AEPSE RN SR RS AL PSRRI ¢
taken in conapdeersiipeatioustare endted deiotpadphAgorti®isigs, in which: [75] FIG 1
i Il ustnasies arr@mailetePhs #hdRabib YscNB ele fRbWInG REcrihtioRNEl Brafnd BRGoe0de;
[76] FIG 2 illustrates a Tanner graph for a parity-check matri )i of a
[ engt h-8 Lopémtilsdas teaspligeraahion! mepeiien Siibarclnet Risthe mEcier Genthle a sfeas
DVB- S2 LDPC aadeonsistdl uiddstadding blisit padsest iaveneant@rdihglg, ipsliduly beheck
matrix of a I;a)})/ll)sérf?n tlo‘ li%:())ge (s:lgﬂgd in the art that the following description of the embodiments of
the present invention are provided for illustration purpose only and not for the purpose
of limiting the invention as defined by the appended claims and their equivalents.
[96] The following description of the embodiments of the present invention provides a
method for supporting an LDPC code with various codeword lengthssuitable for high-
order modulation, using a parity-check matrix of a structured LDPC code with a
particular form. In addition, the description of the embodiments of the present
invention provides an apparatus for supporting various codeword lengths according to
high-order modulation in a communication system using an LDPC code in a particular
form, and a method for controlling the same. In particular, the description of the em-
bodiments of the present invention provides a method for generating an LDPC code
using a parity-check matrix of a given LDPC code, the generated LDPC code being

smaller than the given LDPC code, and an apparatus thereof.

[97] FIG. 6 is a block diagram of a transceiver in a communication system using an LDPC
code.
[98] Referring to FIG. 6, a message u is input to an LDPC encoder 611 in a transmitter

610 before being transmitted to a receiver 630. The LDPC encoder 611 encodes the
input message u, and outputs the encoded signal ¢ to a modulator 613. The modulator
613 modulates the encoded signal ¢, and transmits the modulated signal s to the

receiver 630 over a wireless channel 620. A demodulator 631 in the receiver 630 de-



[79] (a) of FIG 5 schematically illustrates a signal constellation for a
conventional QPSK nodul ation used in a digital conmmunication system [80]
(b) of FIveD 2bo%whematically illustrates a signal const elPCRKR2N0%®0I2a
conventional 16- QAM nodul ati on used i¥ a digital communication system [81]
(c) of FIG 5 schematically illustrates a signal constellation for a
convent i onal nastu(QbdY thoeidbiatd Gignalseghd dutputditgidelodclamauinabkion [TyEt em [ 82]
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illustrates an exanple of signal constellation/bit mapping nodified by
shortening i n¥16- QAM nodul ation; [85] (a) of FIG 8 illustrates an exanple

of signal constellation/bi ppi ng i n 64- QAM nodul ati on; (b) of FIG
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However, in most cases, because the known method of determining the shortening and
puncturing patterns performs the optimization process considering only Binary Phase
Shift Keying (BPSK) or Quadrature Phase Shift Keying (QPSK), only one optimized
shortening and/or puncturing pattern can exist for a given LDPC code.

[101] However, the puncturing and shortening patterns optimized when a signal con-
stellation/bit mapping scheme has been determined in high-ordermodulation can be
different from those for BPSK or QPSK modulation.

[102] In BPSK or QPSK modulation, because reliabilities of bits included in a symbol are
equal, reliabilities of codeword bits in an LDPC codeword after it undergoes
shortening or puncturing are also equal. Consequently, there is no need to consider a
modulation scheme in the process of determining the shortening and puncturing
patterns. However, as described above, in high-order modulation such as 16-QAM,
64-QAM, and 256-QAM, because reliabilities of bits included in a symbol are
different, when a modulation scheme and a signal constellation/bit mapping scheme
have been determined, reliability of each codeword bit in an LDPC codeword after it
undergoes shortening or puncturing may be different from that of the LDPC codeword
before it undergoes shortening or puncturing.

[103] (a) of FIG. 7, (b) of FIG. 7, (a) of FIG. 8, and (b) of FIG. 8 illustrate bit mapping
examples in which bits are mapped to a symbol according to degrees of variable nodes
in an LDPC codeword, for 16-QAM and 64-QAM, respectively. More specifically, (a)
of FIG. 7 illustrates an example of signal constellation/bit mapping in 16-QAM
modulation, and (b) of FIG. 7 illustrates an example of signal constellation/bit mapping

modified by shortening in 16-QAM modulation. For convenience, an LDPC codeword



[92] FIG 14 illustrates a flowhart of a reception operation of a

recepti on apparatus according to an enbodi nent of the present invention.

[ 93] Thr omohroesr10rdse dr awi ngs, the sanme draw ng referenceCmkrenal/®oaw| | be
understood to refer to the sane el emedts, features and structures. Mde for
the Invention [94] The follow ng description with reference to the
acconpanyi ng igdigitled G8reirSingy 4v8 detk-bi pasil Block.n a conpr ehensi ve

under st ng pf. t.he epho sof thel ny a t he. cl ai ns
and t hdiH g ietrtig o PR RGN G ¥ Bt il Pl e hmlr i

t hat under st ahdirend patbabd alhﬁsgusahly) phud ima 1 6A Moy stbol ech pectivielyrilThatt is,ores .
Accordingly, i I R varl ous
changes and rlrltﬁl%? rggitulog%gbg ﬂ(ﬂe tsépen%ntsggésﬁllﬁé%%ﬁerelﬁ%g%%g%g

wi t hout departd fgid meppadHe ag é&?& qmws)rﬁ biit parpForrgspoisting nthe ﬂlrghéﬁtde@rﬁe | n
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omtted for it nci se ss ur erns and words use
in the foll oiaﬁﬁe,l Yt I&tﬁ%ﬁthah s ‘LEF@%Q) W{’]@&V Rt he

bi bl i ogt@iihi calssomar thgshe balf of ﬂhéﬁlglﬁﬁcﬂelgyeet\hﬁalblﬂmedﬁsdfavé On&ﬁi@(tﬂee a clear

and consi sten derst of . ¢ nt nventi on. Acc r n ot
shoul d be appfé?rgerllltmgt grsage%slfél(]i) hf}:ll h'th ens Egltts %res? w%iéé/ hon-
descri pti on ehortdned brghestidegreeyanhble hedq)aresemdqrmmrthc shorened P8¢ ded f or

Il lustration.g Mé%/@%ﬂfgi’g'ﬂgst%%g gri&lﬂ@n@&gi%%a@g?cfl td ¥ F thﬂel gvention

as defined by e appende eir e ent’s. oIIovmng
descr| ption mapp%we)hb“éhn%mesblblfatlpmevep”yéﬁéfﬁ@n ifFpe Hat b«?fowbwlué@nalgnet hod

for EID(%]'C i ngsllalﬂaﬂ;PF(Q SOE, Wil trdees la@@ﬁarﬁple@mgﬂallc@ﬂg&mmw&@h
hi ghor de eﬁ; f code
S
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t he present ibitveagpirgnmpdified desha@atrenappardtQAM modslagqor t i ng vari ous codevvord

| engt h@@\ﬁcor fﬂq ) otf‘h{}l g r%ﬁﬁﬁﬁt{y@ﬂ%%%g?@et{uﬁen% ‘%HHHQéaf"ﬁ“ Hlb%}’fsf m,Jsi >

an LDP or con
In particul aPy:¥ N@ﬂmrﬁnﬁhlwhseoﬂ ctuin be approcaicddrat 4/3gft Wah@blpme@@m/lth ﬂilventi on

provides a %‘BQ cfe@fee%ﬁf%ﬁ%ﬂ’@%@é%dr@%ﬁ rﬁ%gﬁdlﬂétlfé%@«es?%ﬁéb}’ht(} BRGK matrix
of a given L code, generated LDPC co bei n
However, When 2/3 of the highest-degree variable nodes undergo shortening as il-

lustrated in (b) of FIG. 8, it can be understood that 5/6 of the remaining non-shortened
highest-degree variable node is mapped to the lowest-reliability bit ys, so that the bit
ratio is different from that before the shortening.

[108] When the high-order modulation scheme and the signal constellation/bit mapping
scheme are fixed for a given LDPC code as described above, the shortening or
puncturing pattern used in BPSK or QPSK modulation may not be suitable because a
ratio of the LDPC codeword bit being mapped to each bit of a modulation symbol is
very different according to the shortening technique.

[109] It is also known that in the case of an LDPC code, degree distribution of a parity-
check matrix of its optimized LDPC code is very different according to the modulation
scheme. That is, degree distribution of an LDPC code optimized for BPSK or QPSK
modulation and degree distributions of LDPC codes optimized for 16-QAM, 64-QAM,
and 256-QAM are all different.

[110] For similar reasons, it is obvious that when it is assumed that an LDPC code having
one degree distribution is given, the optimized shortening or puncturing pattern is
different according to the high-order modulation scheme. Accordingly, a shortening
pattern should be determined considering an intended modulation scheme in order to
find an optimized shortening or puncturing pattern of an LDPC code.

[111] Shortening will be described below before a description of a method for determining



smal l er than the given LDPC code, and an apparatus thereof. [97] FIG 6 is
a bl ock diagramof a transceiver in a comunication system using an LDPC
code. [98yWoORed%enriong to FIG 6, a nessage u i S input toram/KEF®/@eder 6
11 in a transmtter 610 before being tsransmtted to a receiver 630. The
LDPC encoder 611 encodes the input nessage u, and outputs the encoded
signal ¢ to a nodulator 613. The nodul ator 613 nodul ates the encoded si gnal
c, and transmits the nodul ated signal s to the receiver 630 over a wrel ess
channel 620. A denodul ator 631 in the receiver 630 denodul ates the received
signal r, and outputs the denodul ated signal xto an LDPC decoder 633. The

LDPfC dﬁcoder 633nsles %Spﬁnb%ﬁﬂ%ﬁﬂ&éﬂ'iﬁé&ﬁd&igwﬂ%k a ¥odul & fod IséHend is gﬂveﬂﬂheSt i lmit e
u of the nessa ased an.the data received thr t r channe
620. [99] The L %r_r@ncggg}";gaislusﬁ&e%grma e%? tgaﬁnésp}ogyg g%oggim\érr%btsﬁt%ﬁgccor ding to
a codeword | endersmibtresifief pagt of ap bikkiendewerd ftes geaerating thestREC epdsverdet

schene. Parti cdioatd syen partzclaciridedhedk nadttihbyaperfermiiogl.DRO enmling.Fer pr esent

i nventi on, an =) A ; - VAl . VPRS- $Ensi sing the
LDPC code wi t hl(?))at%(;tu ﬁg‘%ﬁgfng%&ﬂmeeg’ ?g%@ég{eglggﬁtaggﬁﬁst or e%l [ nf@o‘?or?gti on.
[100] In accor d‘ﬁ’rﬁf@e Tt 3{1‘” ﬁﬁ' BicRMin Bpredriat b?%g'ent i nvention, a method
of acqui r iig! varfiootes parisitebask ehalrizreg tha DVB-8W1LBPG codenllusDREl ioddie uthe total
shortening or pameliviNG MhghMetiedsibogts opti m ze performance by applying
shortening or puncturing to an LDPC code in accordance witha code rate or a
codeword | engt h(la;l@,..c,tjkr_?htly known. However, in nbst cases, because the
known nmet hod of determ hing the shortening and puncturing patterns perforns
t he opti m zat i orvopespomis so zivors paeef thegpadtyl-ohedi marix; athlasgh-Gii-K.) pacybitsg ( BPSK)
or Quadrature Phase Shift Keying (QPSK), only one optim zed shortening

and/ or puncturiﬁpop J.erpeap | ist for a given LDPC code. [101] However,
the puncturing and shortening patterns optim zed when a signal con
stellation/bit napppogsschenrpattashbpaty-detlemairiieConmmonly, iferafadarsiwdul at i on

can be differ e'?;celfyrh%g J\t&ﬂé%f her 1, Bl sﬂ&rteg?mgt%cmeﬁg r@sttxiié?{‘valucs of in-

formation bits in a particular part that is subject to shortening. For example, shortening

N, information bits i, to
In, 1
commonly means that
=4 =iy =0
. That is, by limiting values for N, information bits i, through

In, -

, to 0, the shortening technique can obtain the same effect as substantially not using
N.leading columns in the parity-check matrix of the DVB-S2 LDPC code illustrated in
FIG. 3. The term "shortening™ actually originates from the above-described limitation
operatton. Therefore, applying shortening herein also means considering values of the
shortened information bits, as 0.

[113] With respect to the shortening technique, when the system is set up,a transmitter and
a receiver can share or generate the same position information for the shortened in-
formation bits. Therefore, though the transmitter has not transmitted the shortened bits,
the receiver can perform decoding, already knowing that information bits in the
positions corresponding to the shortened bits have a value of 0.

[114] In the shortening technique, because a length of a2 codeword that the transmitter
actually transmits is N\-N; and a length of an information word is K,-N;, the code rate
becomes (K - NY/(N, .N;), which is always less than the first given code rate K,/N,.

[115] Generally, a puncturing technique can be applied to both the information bits and the
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[102] In BPSK or QPSK nodul ati on, because reliabilities of bits included in
a synbol are equal, reliabilities of codeword bits in an LDPC codeword
after it wodesgoem®oshorteni ng or puncturing are al so eqealr/KrZomgmaazent |y,
there is no need to consider a nodul ati on schenme in the process of

determ ning the shortening and puncturing patterns. However, as descri bed
above, in high-order nodul ati on such as 16- QAM 64- QAM and 256- QAM
because reliabilities of bits included in a synbol are different, when a
nodul ati on scheme and a signal constellation/bit mapping schene have been
determned, reliability of each codeword bit in an LDPC codeword after it

under goes shor t 2Ry Hts. N1nBlgHCh anaqnmchnﬁugmtfgsﬂaﬁentr{gq%t & cQfmédfre LDPC

codeword befor und ogs tenin unctu of FIG 7,
(b) of FIG 7, el(%%‘“%?"‘ét"% e‘%“gﬁ!in 8%‘&? qug upy lfft}gt thht‘%“ C% Bbi ng
exanpl es in V\,hlQ@Wnbﬁft@oméompﬁadttableaofswﬁwﬂaﬂa@cor ding to degrees of

vari abl e NDE@ES | MorRpdefAREING 0d Ui %r/fte@nmé&qgﬁ%@ra%e&ﬂm%m SR vel y.

More speci fi Cabdaﬁlcmmfo%atﬁkﬁ%%& Hﬁ%rpﬁlt ?fs%gé}atga(%@tsb%.\ lﬁhgnal

constel |l ati on/

i |l ustrates an 'ESEiRRTaE epfe Wp goTEesPaRBng bish That isoby HPPlY RAUPPHAURE I PO by
shorteni ng i n lpedgBdddpodudmitin ®geneired leagth-\Ng DDEAedevard, H-Dlﬁﬁhmdgvmr di s

di vi ded herein t%ﬁﬁu@&btﬁnﬂﬁe s'la&etaffact Q?ﬁxﬁt ogt!am %W&anst&@nfg 2N NP to (a) of
FIG 7, yO andalggp%lcaﬁ -rela |$T§18 at n&}ne slgns of a
r eal part and fp c‘?‘H’“Ec%es ngy s Punahisedd tc?t“t B YThat s,
reliability r@Pﬁtﬁlmaw pHl fred intashintaldecoding progese, tbfot:ﬂmmmggedmmue isin (a) of
FIG 7, becausmlyiczmtuégfoae.{m@g@ﬂl t© an LDPC codeword bit part

I d
ﬁ?;[\ggf?g t\?%lﬁtﬁlgrbtﬂ ag&?%&ce%ﬂta% m‘é%ﬁ;@@ of  BicScht mveq%oabl t]:au?e par fwhi | e

the ot her 1/ 2 Rogitigyitnewstion ?rdhf‘amtnemrﬂﬁéttﬁ%bt shee ﬁ&?%lma'[ef_tomomxx@g Wi ng t hat
the hal f of thehdiraykrestr zbe gheaeceivar wisnltie: spaee & shiapethe deivgomg nekedy t eni ng as

ilTlTustrated in 4} metofdsfandine pmecﬁ}{m#orpﬂetcédlﬁé)r responding to the
nonshorte hi St - de ee arl a considered in the short ened
LDPC code&g%b % edlf’mcé g‘ﬂuedg‘?ff“ésé a&ﬁgﬁﬁé’g? 8°dﬁ88'g that St o y3 and
the other 1/8 |a§mhﬁﬁ}%§tmtt&15 W -Ny argha length af e inférmaticnt weyd issopstanly i flfeer ent  fr om
t hat before theosdatetbestinitg K/(N-N,), which is always greater than the first given code rate K,
/N,.
[119] A description will now be made of a shortening technique and a puncturing
technique suitable for the DVB-S2 LDPC code. The DVB-S2 LDPC code, as described
above, is an LDPC code having a particular structure. Therefore, compared with the
normal LDPC code, the DVB-S2 LDPC code is able to undergo more efficient
shortening and puncturing.
[120] For convenience of this example, it is assumed that the DVB-S2 LDPC code has a
codeword length and an information length are N, and K,, respectively, and a
codeword length and an information length of an LDPC code that are desired to be
finally obtained from the DVB-S2 LDPC code using the shortening technique and the
puncturing technique are N, and K, respectively.
[121] If a definition of N-N,=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 Kbits and puncturing (N-K) bits from the parity-check matrix of the DVB-
S2 LDPC code. For the generated LDPC code with N>0 or K>0, because its code rate
Kl -K A
N 1 — N, A
is generally different from the code rate K1/N1of the DVB-82 LDPC code, its
algebraic characteristic changes. For
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[106] Simlarly, (a) of FIG 8 illustrates an exanple of signal
constellation/bit mapping in 64- QAM nodul ation, and (b) of FIG 8

i Il ustratwe 2aew/@x@npl e of signal constellation/ bit mappcmgreoadi/died by
shortening in 64-QAM nodul ation. [107]7 In (a) of FIG 8, areliability

rel ati onship between bits included in a synbol is yo=yi >y2= y3>y4=ys. In
this case, it can be appreciated that 1/3 of variable nodes with the

hi ghest degree in the LDPC codeword are mapped to the lowest-reliability
bit y5. However, when 2/3 of the highest-degree variable nodes undergo
shortening as i | lustrated in (b) of FIG 8, it can be understood that 5/6
of the remai ni ngynor-shortened hi ghest-degree variable node is mapped to
the lowest-relialfility bit y5, so that the bit ratio is different fromthat
before the shor LML cddd BGknsthiarbytdepdifoghingsibeEnimPaidipatdnaihgsehene and the
si gnal constelg%y ﬁ ﬁh gBRBh g schene are fixed for a given LDPC code as
descri bed abov ortentn uncturlng attern_used in BPSK or QPSK

modul at i odt%#hy n’é?WftYér'?éi”f“&Eﬂ@ é@ Q cpdgy FSdlestibeda Rulsphapbtiat®ed bi t

bei ng nmapped topeagh I ion sy | 4s very different according
to the shorteni ndaqkecﬁzrh gué [IU /{% 453 @n én}oapkn%vm that in the case of an

LDPC code, degr eealu#icsiréspinidt to(M, @lundns padtal of G1ECKcobmitin grxupdkadhthaveapt | m zed

LDPC code is v e iﬁﬁg%?k hat is,
degree distri befx?ﬁgtg}aoi};r%% gﬂkeré&%%ééb{@ étzlq“r]rjl zeéﬁ?g%‘%?:’{g%ﬂé? QPSK t%dul ation
and degree di stYrbigt® “"L"E)Pét U§8% "6pt1°mi zed for 16-QAM 64- QAM and
256-QAM are al | ghfferent. [110] For simlar reasons, it is obvious that

when it is assum®t that an LDPC code havi ng one degree distribution is
gi ven, the opti nvahedTisolldvany shgrtamingmpoovessiwhicigwibldie tdescribadswith réferencerio

accor d| ng to thﬁ(}hggb @ﬁd}&i‘coﬁg@ﬁhggﬁ&@h&&tﬁ% Accor di ngI y, a shortening
pattern shpul d erin tion schene in
order to TIII ng an op ?“ﬁl&tfateﬂ a@h%?‘?‘é%f%h n%'gtmﬁﬂqclﬁf%n § §e ngo"t' glﬁﬁre%tf an LDPC
code. [I11] Sho‘ioﬂe‘iiﬁfﬁ&nﬂﬁ’ Fromisepagiysbedkpyeatixed|agigradd oge gregdmE Bt dmon of a
nmet hod for det esniiodiniegeof sHeqidse inventdh. puncturl ng pattern in consideration
of a moduligl On REBEAPIJHICY, ?ﬁﬂmﬁ'@ oh&dBRern ft&ﬁgnﬁgmﬂ HIRELNBRleN Tefers

B T S Wt A4 s s ool 1S s £ © 21
code to be subjected to shortemng in step 903. That is, the LDPC encoder reads stored
parity-check matrix information. Thereafter, the LDPC encoder determines a codeword
length N2and an information length K2based on the column group information of the
DVB-52 LDPC code in step 905. Thereafter, the LDPC encoder performs a shortening
process of steps 907 to 913, in which the LDPC encoder performs shortening corre-
sponding to a required information length of an LDPC code, based on the read in-
formation of the stored parity-check matrix.

[125] Shortening Step 1: The LDPC encoder determines

PRED
M
in step 907, where
1x)
is a maximum integer which is less than or equal to x.

[126] Shortening Step 2: The LDPC encoder selects a sequence for (A+1) column groups
from among

R®(i=1,..K,/M))

colamn groups in step 909. The selected sequence is defined as

SP(i=1,..., A+1)
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froma given particular parity-check matrix by perform ng LDPC encodi ng.

For a better understanding of shortening, a parity-check matrix of the
DVB- S2 LDWPC 20@d®799b| ustrated in FIG 3 will be descri be®CIKReo%000eb ai

bel ow. [112] For the parity-check matsi x of the DVB-S2 LDPC code
illustrated in FIG 3, the total length is N, length-Ki information bits
corresponds to a front part of the parity-check matrix, and length-(Nr K)
parity bits corresponds to a rear part of the parity-check matrix.

Commonly, information bits freely have a value of 0 or 1, andthe shortening
techni que restricts values of in formation bits in a particular part that
i's subject to shELBPCREcodERUonsREATR thereSORS deBinBOfolNge tfatipat i on bits 10 to
commonly nmeans that O =1 N- | = . That is, by limting values for N8
information bit&{Md:tkough IN3 - | , to 0, the shortening technique can
obtain the sa yﬁgkh using N |l eading colums in the
parity-check 22??%&5%#&?%%@%@%_8 L%E%xg%g% illustrated in FIG 3. The term
"short eni ng" acﬁﬁ |y originates fromthe above-described limtation
operation. Therefdore, applying shortening herein al so neans considering

val ues of the SAHESENERFE nformation bits, as 0. [ 1 13] Wth respect to the
shorteni ng techm@ue, when the systemis set up,a transmtter and a

recei ver can shake or generate the sanme position information for the
shortened in farmation bits. Therefore, though the transmtter has not

transm tt gthyi he GRALLGIGE, RIThe1.DPE EndoBGRNREin&PBsiftéHs bPEIMHELOHs NQre-al T eady
know ng t hat |nf0%ﬁat|on. Its.in t & ¢ oﬁyh%ﬁﬁinﬁﬁ{reéﬁﬁ dlqg to the
shortened bits REVFEELC FLiEmg ongyor ‘ilﬁ‘] i ol ﬂ‘ﬁs’f & que,
because a | engtg¢®f a codeword that the transmtter actually transmts is
Nr Ns and a Iengf% of an information word is Kr Ns, the code rate becones
(Kl = N,)/ (N . Nsof(Awhicohmingrapsweiested asihotténng Stére?, genestingd shortensd d2VB-at e
!W:c\ll . [115] bG?rwmI%G’condé irSdpO m.gt_ shEull %I@hﬁﬁédlﬁﬁ tl?e%ﬂo&&empﬂ’(!: e hi aﬁ%h the |
Information DIt { t.s.. Al thou e puncturl ng techni que an
t he shortening ft%g'(?:argn?_ %ué R ?’%ﬂ%"% ‘g%'%d' ae&®s fg_rgmr har Opequgl ok,
[128] Shortening Step 4: The LDPC encoder additionally shortens (A+1)M,-K; columns
from the shortened LDPC code generated in Shortening Step 3 in step 913.
[129] In Shortening Step 4, the additional shortening is 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.
[130} As described above, an embodiment of the present invention applies an efficient
shortening technique that does not use information on column groups of the DVB-S2
LDPC code depending on the structural features of the DVB-S2 LDPC code, compared
with a conventional bit-by-bit shortening technique, which is commonly used for
shortening of the DVB-S2 LDPC code.

[131] Selection criteria of a sequence for column groups can be summarized as follows in
Step 2 in the shortening process of the DVB-S2 LDPC code.
[132] Criterion 1: The LDPC encoder selects a shortening pattern sequence for column

groupsdefined such that optimal degree distribution obtainable by considering a
modulation scheme given for a normal LDPC code with a codeword length N, and an
information length K, is as similar as possible to degree distribution of a shortened
LDPC code with a codeword length N and an information length K;, obtained by
performing shortening on a DVB-S2 LDPC code with a codeword length N; and an in-
formation length K.

[133] Criterion 2: The LDPC encoder selects a shortening pattern sequence for column
groupbdefined to provide a code having the good cycle characteristic on the Tanner
graph among the shortened codes selected in Criterion 1. In accordance with an em-
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codeword | engths, the puncturing technique, unlike the shortening technique
descri bed above, does not |limt values of particular bits. [116] Mre

speci f i cavbyoodtomdpunct uri ng technique is sinply a net h@edTKR20090100929
transmtting particular information bi%tsor a particular part of generated
parity bits, such that a receiver can erase the corresponding bits. That

i's, by sinpl podigient bBMhS FrdstmtGvdatibs, refarlipgpreidaionesa p;acsé thenseridiic athe

generated | e =N LDPC ewor d cturln btai ns the sane
Offect as t naBRPoHEdeby o Bhisnct toap e PigRi I REP Nl BB eliewor
Because col ungphday ksgeangiosgblt end He npurbet of id nbiinsum-erighiecypdasiis yciedk

matrix are allb used intact in a decoding process, the puncturing technique
is distinct fromthe shorteni ing technique. 117 Furt her, in accordance

wi th anl&#bodiThemptiorl degseqdissidrtion ﬂﬁ/@ﬁmpw Kacasls ipodiieh bp modbsdiagt | on

for the punCtsél{e%ﬂa BichSsidaey, Ren BORNAM off m@ﬁﬂsﬂ@ﬁ ?‘dsh@a@i@ﬁﬂﬁfbv@mtﬁ)l‘ie
transmtter %the recei ver when the syste the recei ver may

merely er ase 2BHESIE BEMOLp b IAYS FIBGHERBHER it Ch fféf P&md%é}f}cﬁrh OWeYglg) | n
t he puncturi Ibgeziu@@ﬂi&lp@b@ss (blf&temtﬁﬁnﬁg E}Qﬂi@gﬁe@ﬁstﬁbmﬁﬂmmrgdhé Batsity Beolution

transmtter Sl ol (B3 kol i rstQ'rPdla”df(ﬁg&)%Qgétﬁr\}ﬁefnuﬁﬁ‘ 4 U Qfagd on wor d
is constantly A 8te° BECHES %7t Ways greater

than the fi rstrl]@glanehercofd\ElllrlmtéeKrOV/ldeﬂ [119] A description will now be nade

of a s 4ieni j ; 0
e Ve S R AL s L S

havi ng a par fPEgieas ﬂ@tlrQr‘%Q gRedermpay éffleméshOétéwapé@erm U f%t#lﬁﬁplumpc
code, the DVE16 HaDR@ thOB&t p&«f@ﬂ{aﬂcésyﬂﬂ@%ﬂeh e RS {dqabrRt rphrNdse ot ng and

nct uri ng. r eni enc exa a t hat the
PVE S5 Lopc Eaiatormd and SoNeHEn e S on AR TP AP o BRI o N and

Ki, respecti \sabiteniagtep 2cfod wadd dBIS2nigb AC ande annbienbeffidtithyrseleengt h of an
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usi ng the sh enin unc ue are
respect i vel y number of all p0551ble (shortening pattern) sequences for the column group is too

large.

[136] Criterion 1 and Criterion 2 are applied when N, and K, are fixed values. However, if
values of N, and K, required in the system are varying, the shortening patterns
optimized according to the value of K, may have no correlation. That is, when the
values of N, and K, required in the system are varying, all of shortening patterns
optimized according to the value of K, should be stored separately, for optimized per-
formance.

[137] Therefore, for system efficiency, suboptimal shortening patterns can be found, as will
be described below, when the values of N, and K, required in the system are varying.

[138]

[139] Finding A Suboptimal Shortening Pattern Sequence

[140] Assuming that selection of one column group is needed for shortening, because the
number of selectable columngroups is only one, it is possible to select a column group
having the best performance. When selection of two column groups is needed for
shortening, one column group showing the best performance, together with the already
selected column group, are selected from the remaining column groups. Similarly,
when selection of i column groups is needed for shortening, one column group having
the best performance, together with (i-1) column groups selected in the previous step
for shortening, are selected from the remaining column groups.

[141] Though the above method cannot guarantee optimal selection for all cases, it has

relatively stable performance from the shortening pattern having one regular rule, re-



[121] If a definition of NrN 2=N and K1-K2=K is given, it is possible to
generate the LDPC code whose codeword | ength and information | ength are N2
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in step 907, where is a maxi numinteger which is |l ess than or equal t
[ 126] Shortening Step 2: The LDPC encoder selects a sequence for (A+
col um grwopsoswaeswanong R ( | Kj ML) col umm groups in sPep/KR2909/00be29
sel ected sequence is defined as. The 2IDPC encoder considers that there is
no sequence for the remaining KIM1 -A-1 colum groups except for the
parti al sequencei+n—the—se —12-H—Shortening Step—3: hF LDPC encoder

0 X.
)

N s ChA T
.|UCIIL.C LZ7 \.)IIUI LCIII IIH Il C}J J. LI
det er mi nes posMeioprasiables cfol um gr dup$2@eK FE209p I d0g=250 an i nf or mati on word
of the DVB-S2 fr ups sel ected
iyl GG

bm t he sequence of (A+l) colum gro
i n Shortening ®rating a shortened DVBS2 LDPC code jn step 9 11
It shoul d be notﬁglggqg th mation | ength
whi-ch ic al Ways.

e shortened LRIRG,COg g(nps an in for
(A+l ymL Short eni ng

greater fhan or pnnn to K2- f1?R]

ek R W@@ﬂé@ oA im0
ed in hort nﬁ%@ fep 31n step 91

| u'€ms fromthe
3. [129] In

Step 4. The LDPC encoder a
shortened LDRPC code gener ai

Shorteni ng St
t he process

col umtm group
descri bed abg
ef ficient shg

groups of the DVB-S2 LDPC

DVB- S2 LDPC ¢
t echni que, wj
[131] Sel ecti

as follows in Step 2 in th

[132] Criteri
for columm gr

by considering a

ep S48<kr20&dd
s sequenti al

where the add
ve, an enbodi
rteni ng techn

ode, conpared
ich is commpn
on criteria o]

on 1. The LDPC
oupsdefined s

rent of the present

R P SRR 0 50 G ekt

snid@ddionsinshéren i700-K, 60 hif@M@dn bitsl 3

|nvent|on appl i

ﬁ%a edhen glowpsomespondisg to atfie) mew-i on
de de endln on.the structural fe

TR ‘& GG BATHBERR U5 HE R MBI 2 s ho

npl emented if
ont of the

0] As

es an

on col um
atures of the
rtening

%oft'e"‘nﬂ)% pEtQ:'En shard r@l@t‘ldﬂgnlg ardsAS VR S2 LDPC code.

a sequence for colum groups can

cbagthio ot aiablg. process of the DVB- S2

C encoder selects a shortening
LYY Fat hg3rihel 2 CQUER SBURIPSTEsPO

att

to a 1(18)=19" row is shortened, columns in the positions
corresponding to 168 Bose-Chaudhuri-Hocquenghem

(BCH) parity bits do not undergo shortening.

be summmari zed
LDPC code.

ern sequence
on obt ai nabl e

2)

168<K,<528

Shorten all column groups corresponding to m(0)"™,
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columns in the positions corresponding to 168 BCH
parity bits from a column group corresponding to a
n(18)=19" row.

Also, additionally shorten 528-K, information bits from a

column group corresponding to a ©(19)=0" row.

[146]
[147]

Table 1B



nmodul ati on schenme given for a normal LDPC code with a codeword | ength N2
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[148] Referring to Table 1A and Table 1B, it can be appreciated that when a length of in-
formation bits to be shortened is determined, the shortening method is performed
through a predetermined process regardless of the modulation scheme, but the rela-
tionships between permutation functions indicating optimized shortening patterns are
all different according to modulation schemes. That is, when the shortening method is
applied without considering the modulation scheme, significant performance
degradation may occur according to modulation schemes.

[149] The suboptimized shortening patterns shown in Table 1B, found for the shortening
method in Table 1A, may not be unique according to conditions for finding the
shortening patterns. For example, several column groups may exist that show similar
performance in the interim process described above, i.e., Finding ASuboptimal
Shortening Pattern Sequence. In this case, because selection of the next column groups
may differ according to selection of column groups, the suboptimized shortening
patterns may not be unique according to performance difference of the shortening
process. Actually, shortening patterns shown in Table 1C also provide excellent per-

formance, similar to the shortening method performance shown in Table 1A.
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The bit mapping methods corresponding to the signal constellations used in 16-QAM

and 64-QAM modulations of Table 1C are the results obtained by applying the same
bit mapping methods as those illustrated in (a) of FIG. 7, (b) of FIG. 7, (a) of FIG. 8,

and (b) of FIG

. 8.

Referring back to FIG. 9, after step 913, when puncturing is needed, the LDPC

encoder applies puncturing in the LDPC encoding process in step 915. The puncturing

method will now be described below.

Assuming that a codeword length and an information length of an LDPC code are N,

and Ko, respectively, that the invention desires to finally obtain from the DVB-S2

LDPC code whose codeword length and information length are N, and K;, re-

spectively, using the shortening technique and the puncturing technique, and that a

definition of N;-N,=Nand K;-K,=K is given, it is possible to generate the LDPC code

having a codeword length and information length of N, and Ko, respectively, by

shortening K bits and puncturing (N-K) bits from the parity-check matrix of the DVB-

S2 LDPC code. For convenience, when it is assumed that the puncturing technique is

applied only to the parity part, there is a possible method for puncturing 1 bit from the

parity part every (N;-K;)/(N-K) bits because the parity length is N;-K,. However,

various other puncturing methods are also available.

FIG. 10 illustrates a block diagram of a transmission apparatus using a shortened

LDPC code according to an embodiment of the present invention.



BPSK/ QPSK, 16- QAM and 64- QAM nodul ations with regard to a DVB-S2 LDPC code
with a codeword length Nl = 16200 and an information |ength Ki =7200. [ 144]
Tabl e | AWO04B)9y1048¥) Table IB [147][148] Referring to TalpCe/KB2o@wmdodbabl e | B,
it can be appreciated that when a legth of in formation bits to be
shortened is determ ned, the shortening nethod is performed through a
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groups nmay exis ;[DEat show s mlartygerformag%écien the interimprocess

descri bed ab@?ﬁeﬁD &0de PATHYICREFFABRBISSTTTAEPT SHOMCERHYS BARPEPRS8Bquence. | n
this case, becruseiosetienid ﬁonau*‘anstdmesmlexymmj glﬁmpgt’dll!ltﬁﬁs mgespbrfdi@rtoamcmp di ng

to sel eC“O”f&fmGa%%'n“%‘?d%{ BB LIRS HRAR! L2 PR NOE SRS REE A S DS IRY not
be uni que accor o) per nce  ol'f* erence 0 B e process.

Actual ly, sh@rqve)mémgqy@ﬁtr& érem@hmhmgmumn Table 1C al so prOV| de excel | ent per

f f
o TISgr s e R e e L Rce AR -
constell ati oﬁgsmfééwbtﬁmltbroggmsmn% ayhbared an e r@ﬁ&e fotheraﬁ@r@ailena\f% t he

results obt alp@ﬂérn@’co@lﬁﬁh i yh?blﬁrﬁﬂ%r tshoREhHGn RIBAMS ASupRSA order
illustrated in and ) of FI G

fi
8. [153] Ref éF?qg%g b ﬁh‘%rE?n}f‘lch(a“)@m ‘%Fetr@rmegtlg ﬁg der a%ﬁ‘le‘%ﬂb%ﬁeé‘f inh

needed, the hiddGlaeioaccemeapplies puncturing in the LDPC encodi ng pr ocess in
step 93[?58]The "ﬁl%%%“ll&ﬂ&q OTBE&%%lﬂhle'sh&?é’l‘{n?gepa‘?ﬂ%n%ﬂp%&d1(%' t8Wetermine a
shortening pattern according to the transmission modulation scheme and the in-
formation length, and the shortening pattern applier 1020 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 matrixof 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.

[159] The LDPC encoder 1060 performs encoding based on the LDPC code shortened by
the controller 1010 and the shortening pattern applier 1020.

[160] FIG. 11 illustrates a block diagram of a transmission apparatus for a DVB-S2 LDPC
code using both shortening andpuncturing. More specifically, the transmission
apparatus of FIG. 11 also includes a puncturing pattern applier 1180 when compared to
the transmission apparatus of FIG. 10.

[161] Referring to FIG. 11, shortening is performed at an input stage of the LDPC encoder
1060, and puncturing is performed at an output stage of the LDPC encoder 1060. The
puncturing pattern applier 1180 applies puncturing to an output of the LDPC encoder
1060. The method of applying puncturing has been described above in step 915 of
FIG. 9.

[162] FIG. 12 illustrates a block diagram of a reception apparatus using an LDPC code to
which shortening is applied, according to an embodiment of the present invention.
More specifically, FIG. 12 illustrates an example of a reception apparatus that receives

a signal transmitted from a communication system using the shortened DVB-S2 LDPC
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obt ai n f rem200ve10DYB- S2 LDPC code whose codeword | engt h a&oa/HKRzb@vewed200n
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modulation scheme and the information length. 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.

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

[166] FIG. 13 illustrates a block diagram of a reception apparatus using an LDPC code to
which shortening and puncturing are applied, according to an embodiment of the
present invention. More specifically, the reception apparatus illustrated FIG. 13
includes a shortening/puncturing pattern determination/estimation unit 1320 that
replaces the shortening pattern determination/estimation unit 1220 in the reception
apparatus illustrated in FIG. 12.

[167] Referring to FIG. 13, when both shortening and puncturing are applied in the
transmission apparatus, the shortening/puncturing pattern determination/estimation
unit 1320 in the reception apparatus may perform pattern determination or estimation
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.

[168] The LDPC decoder 1240 should have information about both shortening and



shortening pattern according to the transm ssion nodul ati on schenme and the
in formation | ength, and the shortening pattern applier 1020 inserts bits
havi ng a weal20®/®7990 i n positions correspondi ng to the siroTiKR?OEH/MODI29, oOF
renoves colums corresponding to the ®hortened bits froma parity-check
matri xof a given LDPC code. The shortening pattern can be a shortening
pﬁtte;n stor@dnétmiﬁgmﬂoymc%mﬁgt ed ulsi ng a seqijence gfaneratﬁr ]Snot
shown) , acqyj.red.using a.densi evol yti on ana is algorithmfor a
o 1y Rck rbr LRl §rOBRRI Rt PelPn et Rl Al e ncoder
1060 per f or mecendioditmgn babediment ¢ftibe piloR@t codetiethor t ened by t he control |l er
1010 a he eni tt i : li-Fl i ates a
bl ock E?Z’;l(gram%%? é%ﬁgrt@aﬁgﬁlqs‘lé?g%ng%ggﬂ?g%s g?l‘v%']a%@éi-e @fgﬁ%%éagiédlleﬂ& tﬁgl ng both
short eni ng ahdpltneedsrin sigp INBF-dnsisediP? cathoytening pattern deigimsiapaen/efsipmatianus  of
FIG 11 al soyhRqbvgl8se iR \Giiddfiind@s Bty ARl pdddls nbgnnheerpared to
the transm ssion apparatus of FIG 10. [161] Referring to FIG 11,

shorteni ng i PS8 at an i nput stage of the LDPC encoder 1060, and
punct urfing i s Pershonertal pdtteamndaeiinfibitiGlagdmacbn tihie 12IRG@ntagdan sttpaaos The
puncturing pattern.applier 1180 applies. pu urd to an.output of the LDPC
Encoder 1060 nrie” HERRGE by "B BrEP R BRRBIFIY B AN R oeu Bbove i n
step 915 of Pu@tu@d bjitd.6@] LIFPGdedRler | 240sperfarms decddingcik sthipddgi drhlofeer, if

reception ap ' ' ' ki |12

according t o%@gﬁggﬁﬁgt&_g?%%d%?g’?é%ltgloﬁr%ﬁelgtpia g‘%{ltdgl\/%?gglg Bé%/???%%foﬁy

FIG 12 il uspitdedddelivesspaspiod ipforpatierelishe sherigped{perciyed hidg tortee bPPEs™ a

Ei)gggl transgig@d@mjm)imseepqqgmuni cgt ido? s]}/stem usi ng t_he Zho_rtenled DVB- S:[Z
0 and recov, user-desire ata fromthe receiv Si . en i

ot ocr STt adeseBdrDs, HEHLIEER oo Lenara g oT A e oot A HR e ol

DVB- S2 LDPC ¢®RC fecoteit IdOrdeeemines thak dieglrobabilBP fhaRehlees ofithe tlorfehéd bit?, t he

reception ap s i ncl | ler t.eni

determ nati o%fe@%’p&%? i %g%éﬁe??ﬂfg%ﬁ E%ﬂ @%%’%\L%%Soa?e %J%g%l bq{aghgg%%ﬁt%g&gdecoder

1240. The deddR] decoder1 P30 pedoany/eBPanigcolingihuten Bkl la short ened LDPC code,

and prgyjgles tRgiderOEALiRRoBRAI bebR shdieh SROILEMIATyiRAftEE e o certain

determ nati on/ estimati on o ) ) )
embodiments 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

scope of the present invention as defined by the appended claims.



unit 1220 and the LDPC decoder 1240. The shortening pattern

determ nation/es timation unit 1220, under the control of the controller
1210, estwoab@sioovodeternmines in formati on on a short eniPOf/KRDO0M20f an
LDPC code fromthe denodul ated signal37 and provides position information of
t he shortened bits to the LDPC decoder 1240. De termning or estimating the
shortening patterns in the shorteni @5@% tern determnation/es timtion
unit 1220 can use shortening patter d in a nenory, can generate

shortening pattemigethdl Be AcSGAYERASIPENEE AL Low(D&Lsit§ PaMR)lchQk (EBPCYbL ai n
shorteni ng patter n‘iﬁ using a density eval ution anal ysis al'gorithmfor a

parity-check mat £P% Bt BIVEHIoN Y YEREDG BHNE 8 PG -Chedls MR IR 10l | er
ézllo controlhs t hghstemitgepittoth @@Iihﬁﬁﬁd aeLBPmdmgbdl@mgegteitﬁmﬁdog[pryﬁigt 1%20 to
el iver a shortenin attern . to.the LDPC decoder. 124 pendi ng on the
Todul at i on' schene GBI MY UR G RORTF GHgr R M BURA R ERE pr obabi 1 ity t hat
val ues of the shdetesnathgy shortaning phiternen consgletation.of the de@finedtrhedulDiRG
decoder 1240 det eyppes whether or not it will allow the shortened bits to
take part in its decodi ng operation depending on the value 1 of the
probabi | ity that @i Q@wrmm@dwwpanb@%@@mn yagsp a\paEty-¢hsek prpPG
decoder 1240 recetyRI DIPE ebd@ihiPNplaRlRy beWidn ¢fouphe DVB-S2 LDPC code
shortened by the SCE:o.rteni nogggattern_ determ nation/estimation unit 1220, it
restores the usePfEOEMRECAYPDEFWBHM t he recei ved signals. [166] FIG 13
illustrates a bl deferrdinagrarmgé ofba reeglepg irdornapiparvadrd slesisadng banblable@bgode t o
whi ch shorteni ng &%n?n%&ﬂ{fh%t%r q}voq?pl i ed, according to an enbodi nent of
the present invention. re specifically, the reception apparatus
illustrated FlG bagdioncheithege af dhdesuéimgrigiopmacenuwprly ppdemeng column group-

det erm nati on/ esﬁa?%mn’ﬁ{‘gl%ﬁg) %hélhft;é%glgld?ﬁhe bﬁkm&@gﬁg%f &R iBrR@tder n

determ nation/estimtion un In the reception apparatus illustrated
in FIG 12. [167MVrbfsserig tp Sepleggrminpd shagenipgpateskhiditleni ng and puncturing
are applied in t h®HRC-aneAInEShOhorRRd AfdignatibR&osdor t eni ng/ punct uri ng

patter eterm nation/estiymtion unit 1320 i.n the recepti.on apparatus nay
e for Wbt ter n dbb SRURRLAt BHimo) veetsin RO B i EABP LR aoR T B
perform pattern dghbolmndatdegree®f aeatiablahodmare notsiderglimatetermingng the
shortening pattern.
[3] The method of claim 1, wherein when the LDPC code has a codeword length of

16200 and an information length of 7200 shortening is performed using one of a

plurality of shortening patterns as shown below:



first, or make pattern determi nation or estimation on both the shortening
and puncturing. [168] The LDPC decoder 1240 shoul d have infornmation about
bot h shorwerevgioagsdpunct uri ng to perform decodi ng. [ 169PCEIKR20194000929
illustrates a flowhart of a recepti & operation of a reception apparatus
according to an enbodi nent of the present invention. [170] Ref err| ng to

FIG 14, a denod(rd ,ode
b Sten 1400 T Sha g e PR B B B R R o2t { on

unit 1220 deter m| neg: ar n€iSt | mELes sI30rt exdng/pENCt wrdng #Eat t exdds me_cm t he
de nodul at ed si gnal [[171] The shortenjing pattern detefrm natlion/estinmation

unit 1220 determind$ iln Step 1405 et hef*t herd arelzany éhorte‘hed otC
punctured bits. [fther 3 gt ened t t D
decoder 1240 perfg:rqr[tgj djg(égjd ﬁg@rqgltiép %@fﬁ “%v’*et?@(] ?hjﬁere gr ;4}?61'9)

shortened or punctuwed brts] the|shprtenrng|patterns 0

A

determ nation/estinraf|nn un 1220 dellivers nnc!t|nn 1 ) O r'n:xf|nn of th

short ened/ punct uf ed Hglgtonghap {Jﬁé’e?h_ @E%@WC%%GUWP':@%@G “I4 ]@QM\{[Q)Z] n

step 1409, based i r nc e
bits, the LDPC deg%tger 111:5120 é{ter mﬁgr?gsn?[?gt tjﬁe pr OE)62b TE(W th@ anTFtE}e of
the shortened bifs i l|l be D i1 1, &nd dét efnmlAes tﬁ.’at thm punet uretb bits
are erased bits. FHhereafter—theLDRPC decoder—12 perfornsLDRPC decod| ng
in step 141 1. [178]DWH('& 1 Felpr ddéht Fﬂ\’%nﬁ(bﬁﬁha&(@e AUSH o Endg (1%
descri bed with re¢fegencegtojcertai Ny enpodi MeNts (NEEEof, 4 U [Wijlg— e,
understood by those skilledlin the art| that [variqus changes|in form an
details may be mde Rdhﬂroesmp mtwlaerumemhetpaom fmgtuﬁnscn’mdphm&;mqm@md (Zcope of

t he present i nvemo de he "““’:r‘-d" €1 B rl] A—et hod
for encoding a chah % %11 g@acmﬁ@nm {} @ty E?ﬁ )DF (Séodé@:'n a

communi cati on system incjud{ Ngga [paki Ly- checK (Aatrixg e><t qgcrorg a
shortening pattenn applier,|and an LDPC encoder, [the nethod|conpri sing

determining a nodwl(EDi|om1$chef) flov1r amddi { iy |at@ynpoll?) det &ni milAy | a

shorteni ng patt etn—iniconsideratiton—of—the determnedodulation

10 9 ) a8 EA & 5 19 0

U7

|

11%

where 7t denotes a permutation function indicating the shortening pattern.

[4] The method of claim 1, wherein when the modulation scheme is 16-QAM, a
codeword length is 16200 and an information length is 7200, a sequence of
shortened information column groups is 18, 17, 16, 15, 14, 13, 12, 11, 4, 10, 9, 8,
7,3,2,1,6,5,19,and 0.

[5] The method of claim 1, wherein when the modulation scheme is 64-QAM, a
codeword length is 16200 and an information length is 7200, a sequence of
shortened information column groups is 18, 17, 16, 4, 15, 14, 13, 12, 3, 11, 10, 9,
2,8,7,1,6,5,19,and 0.

[6] The method of claim 1, further comprising:
performing, shortening additional columns from the shortened LDPC code when
resulting information word is not equal to the information word shortened by
column group-by column group shortening.

[7] The method of claim 6, further comprising:
the additional shortening is performed from the rear or the front of the column
group wher the additional shortening is achieved.

[8] A method for encoding a channel using a Low-Density Parity-Check (LDPC)
code in a communication system including a parity-check matrix extractor, a
shortening pattern applier, and an LDPC encoder, the method comprising:

performing, by the shortening pattern applier, column group-by-column group



schene; grouping colums corresponding to an information word in a
parity-check matrix of the LDPC code into a plurality of columm groups;
orderi ng wbheo@alozyn gr oups; determ ning a range of a re®altKRegoYbEOMAL I ON
word desired to be obtained by shorte® ng the information word; based on
the range of the resulting informati on word, performng, columm groupby-
col um group shokh@®nig @boidig ©EeRHcRiak Patterds WKISWATbeldWE WiRk@h Wakh ON

word, according to th det er ni ng pattern; and LDPC- encoding the
short ened i nf or mitsi '88 W@ﬁ??SCF%FC¥H§p§é®EOd of claim1, wherein

reliabilities of [Bris [ Rehufieg gﬁf%b@thQ5§ynpgb ARG A 5eeﬂg? A
vari abl e node are consji dered |n ceter ning|the shorteping patterin. [3
met hod of cIain11,1WhereTh Ahéﬁ thdﬁL CH%odeIEas alZcodewor ¢ |<4engt hibof
16200 and an infg na en . t“ g hettepiHg— erforred—dsinrgone
of a plurality of hrt?éﬂ )n ]a@té?(il@ Ed )\?6% I’Ef\}\%hﬁ?lg)p%@ot’é@%
pernutation functiof Tjndigcati ng {hezshorzening; pgtter nf [s4] | The net god| of
claim1l, whereinlwhen ithe nbdul atli on skchenelis 16- QAM [ a codeword length is
16200 and an i nf t| sequence of shortened

i nfornati on co|uﬁ%%§?o§9§“§‘ gmh%?gg%gmU§% 14, 13, 12, 11, 4, 10, 9, 8,

7, 3, 2911, s, 5Thwlet1m1ﬂopf@lalm wheeeimeelinbiditios ofchitsiingladediharraddulatioan t he
modul at i on scheng mﬁd@ﬁdGQB%m%(EQQﬁﬁgﬂgnb&ﬁﬂ£Qoﬁﬁ&%@?ﬁﬂbﬁﬂﬁmﬁﬂ ﬂgfornat|on
l ength is 7200, a seqguence shortened information colum groups is 18,

17, 16, 4, 15, 14f Of@mglpzﬁe@l 11, 10, 9, 2, 8, 7, 1, 6, 5, 19, and 0. [6]
The met[mmd of cl abnmibtlmdffwdnhedmg@rmmﬁl 0gng @gbﬁvqpmsngPaﬁfyOCh@nti(n@PC)
additional colums.fromthe shortened LDPC .code resu}tln %fornatlon
word is not equal”$% mtahcé’n’rfﬂ‘f%?a?%) iPSHERPALAR A A d° Eﬁﬁfézﬁf (g by

col umm group shosha@mEnngg pattern applier, and an LDPC encoder, the method comprising:

The

'1

performing, by the shortening pattern applier, column group-by-column group
shortening according to the shortening patterns as shown below, wherein when
the modulation scheme is 64-QAM:

Relationship between permutation functions suboptimized on 64 QAN (2)

n@) | w(ly | w2y | w3y | wd) | w5y | wE) | w7y | nE) | nE)
1% 17 16 4 15 14 13 12 3 11
m(1® | w1 | w12y | 13 | adld) | nlsy | wiley | o177 | mils) | milsh

10 2 2 =S 7 1 & 5 19 0

where 7t denotes a permutation function.

[11] The method of claim 10, wherein reliabilities of bits included in a modulation
symbol and a degree of a variable node are considered in determining the
shortening pattern.

[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 extracting the LDPC parity-check matrix for
shortening;

a shortening pattern applier for based on the range of a resulting information
word, performing column group-by-column group shortening on the ordered
column groups of the informationword according to a shortening pattern de-
termined in consideration of the determined modulation scheme; and

an LDPC encoder for LDPC-encoding the shortened information word.

[13] The apparatus of claim 12, wherein reliabilities of bits included in a modulation



[7] The method of claim®6, further conprising: the additional shortening is
performed fromthe rear or the front of the colum group wher the

addi ti onawosbhewtweewng i s achieved. [8] A nethod for encedirmra0%wednel
using a LowDensity Parity-Check (LDRG) code in a comruni cation system
including a parity-check matrix extractor, a shortening pattern applier,
and an LDPC encodgmboltdi@ aniRedf a ¥aRitle nods arp et sidoredig, deyminigg gleor t eni ng
pattern applier, ﬁokunn‘alou - by-col um groupshorteni ng according to the
shorteni ng pat t ePAY BUEEGH bel ow, wherein when the nodul ation scheme is
16- QAM[14there p démeppsatas peelain &2.ivdrerdiondien ore. LPBL coleharet dtvadworfd lehghm 8,
e T et 20t SO okt e Br 3o0TPAl AL HRA 1 B0 il 0 oo
of a variable node are considere termn tenlng pattern.
[10] A net hod folffoﬁh@@d@fri’g)hafa&yaﬁﬁépﬂ%ﬂ&Qat@HLW(b@ﬁ@Ci 1@59 Par i ty- Check
(LDPC) code in afe LREINY n S"SLcul N} parit C

extractor, a shortﬁnlnalqgﬁFg?ﬁn plF%Fm mm Onyﬂﬁﬁﬁ' %%c%hgggﬁkﬁgﬂ%% h
conprising: perforgiong, by hﬁgﬁI’O;ﬁ;@g@nl Etga,)pdtﬁ(@j N appl | ef7) ¢opem o)
gr oup- by-col um g@roup shortnning according o the shorfening pattilerns as
shown bel ow, whereild whel¥ t pelfodullationlscherd ijs &4- QAWM whete p tenot es

a pernutation fumction _fH1The-methad—of ctaim 1o herei it es

of bits included|i' 1% n%gﬂ a??@% snfrlT%olﬂdalﬁg étddgggrﬁe%%‘ﬂofﬂg?é/ ar :Ea (Ir%'g):jt, are
consi dered in def ergn ni ng the sharteningspaftesn. [32] Ar1 apparat us nfo
encodi ng a channeél_inla co Inication qvqf em usi Densi ty

Parity- Check (LDPC) Peeé@@nsltuhéetafﬁweamu@ 1@@%ﬁﬁ1@15ﬁgbop&np%ﬁdlomylﬁé&$é\éL@)mat i X

extractor for exfr 5 he 1t tT tror m—rrgo—a
shorteni ng patter nd(g?)p %Qr) 5%15&35 )ﬁﬁ 'Yn g@a ré?ul qlugz 70

i nformation word,| perflorm ng Qel unm sgrjoups by -qel dmzgr pupi shor4 enfi ngy on t he
or der ed

L".|

bd

1%

w10y | w11y | w12y | w13y | w1y | w15y | miley | w17 | wilsy | (1S
a 8 7 3 2 1 ) 5 19 ]

Eelationship between permutation functions suboptimized on 64QAWN (2)
0y | wy | w@y | n3) | md)y | mG) | wEy | wldy | ) | )

1% 17 16 4 15 14 13 12 3 11
w10 | w1 | w12y | w13 | a1l | nls)y | wile)y | o177 | mils) | mils)
10 9 2 2 7 1 & 5 19 0

where 7t denotes a permutation function that indicates the shortening pattern.

[15] The apparatus of claim 12, wherein when the modulation scheme is 16-QAM, a
codeword length is 16200 and an information length is 7200, a sequence of
shortened information column groups is 18, 17, 16, 15, 14, 13, 12, 11, 4, 10, 9, 8,
7,3,2,1,6,5,19,and 0.

[16] The apparatus of claim 12, wherein when the modulation scheme is 64-QAM, a
codeword length is 16200 and an information length is 7200, a sequence of
shortened information column groups is 18, 17, 16, 4, 15, 14, 13, 12, 3, 11, 10, 9,
2,8,7,1,6,5,19,and 0.

[17] The apparatus of claim 12, wherein the shortening pattern applier performs
shortening additional columns from the shortened LDPC code when resulting in-
formation word is not equal to the information word shortened by column group-
by column group shortening.

[18] The apparatus of claim 12, wherein the additional shortening is performed from

the rear or the front of the column group wher the additional shortening is



colum groups of the informati onword according to a shortening pattern de
termned in consideration of the determ ned nodul ati on schene; and an LDPC
encoder WO 2200AC7®ncodi ng the shortened i nformati on wor ®@CT[KRZpoIIi0e29
apparatus of claim 12, wherein reliabillities of bits included in a
nodul ati onsynbol and a degree of a variable node are considered in

determ ni ng the stigeda@ni ng pattern. [14] The apparatus of claim 12, wherein
when t LDPC code has odewor.d |l ength of 16200 and. ap informtj ength
of 7200 Whe shor (ot BsTearrdice nEPainl R s Fomae gPatO iR By
short eni ng patt ecode ias aefmmechtion:sywherieclpdide a phey-ceple matriza¢xiteatok,unct i on
that indicates t i 1m.12,

wher el n when ¢ he ST a i cc ek fhdan LERLHEINRBL Bt Clofpill 8
and an i nf or mat i 8 Sherigning patierpepplics fyagHienamzsPusHOEEP®Y-dO &8P on

col um groups i s sd&tendnf acdBidinkdo HfshokBnind Pattckds adshowd,befow,8vhefein Fherd, 1,

6, 5 19, and 0. [16 e apparatus qof claim 12, wherein when the

modul ati on sche q%‘!’ @t@ﬂiﬁ\ﬁﬁ):ﬁ%fn?:%?d]e@\i\@mq ength is 16200 and an information
l ength is 7200, 4 e f_shar ed_tnfor To 0 gr S 1518,
17,716, 4, 15, 14,"93,| 157 5" T1] 1o’ "D, 8. 7. 176, 5 19" A6 | 17]
The apparatus of |cliai m 127 whekeiln tshe| shor{endng pattermni appld er| psyforns
shorteni ng addititonal—colums framthel shortened L DPC tode when result| ng
in formation wor d PNt léquar! % g Hhe | Bfldr matl Br| WoPd| BHAF { dhvEd Y 18€b| um
groupby col um group sogten ng- [ I8 [Thg appay atjusgof [ clsarm 12— whgre| n
the additional shortening i$ perflormed fromthe rlear of the|front| of the
col um group wher .t he addi ti onal Izalhortfeni.na’_i sachi eved. [19] An

appar at usf or enc AT NS YIRS 'V Density Parity- Check (LDPC)
code i n2@ comunifoatppentsyiet eroidinglawihmgl & pesrminynicheoksysetr usingex thosct or, a

short eni ng pattemngp}pﬂrﬁgc&ag%mé%geeﬁgg (gzgfl%pnﬁng:g :iat us conpri sing:
AN

the shortening pattern applier for performng by- col unm group
shor t eni ng accor diPagtyréeckmagivopxteagion forpletaraiHag amosy peiesw, fovher ei n

when transmitting a symbol, grouping columns corresponding to an information word
in a parity-check matrix of the LDPC code into a plurality of column groups, and
ordering the column groups;
a shortening pattern applier for determining a range of a resulting information
word desired to be obtained by shortening the information word, and based on
the range of the resulting information word, performing column group-
by-column group shortening on the ordered column groups of the information
word according to a shortening pattern determined in consideration of the de-
termined modulation scheme; and
an LDPC encoder for LDPC-encoding the shortened information word;
wherein when the modulation scheme is 64-QAM, a codeword length is 16200,
and an information length is 7200, the shortening pattern defined by:

Felationship between permutation functions suboptimized on 640 AW (2)
(| w1y | w2y | n(3)y | md) | m(s)y | miey | wdy | miE) | me)
12 17 16 4 15 14 13 12 3 11
o1y | w1l | w12y | w13 | o(ld) | w15y | miley | w17 | w1l | n(lSh

10 2 2 g 7 1 & 5 1% 0

where 7t denotes a permutation function that indicates the shortening pattern.
[21] A method for encoding a channel using a Low-Density Parity-Check (LDPC)

code in a communication system including a parity-check matrix extractor, a



t he nodul ati on schene is 16-QAM where p denotes a pernutation function.
[ 20] An apparatus for encoding a channel in a conmunication system using a
Low Denswoyo®anird9g- Check (LDPC) code, the apparatus coORPTIER20¢p/000929
parity-check matri x extractor for det®rm ning a nodul ati on schene for
transmtting a synbol, grouping colums corresponding to an information
word in a pari tysh‘d]%hgrmfttéfr%a}ipﬁeﬁ, bed LDPOPCatheoddt! e enefdd @inpriingt col umm
groups, and orderltn]qu he c gnff] rokgﬁ a shorteni ng B@(ﬁern applier for
determ ning a rafgs Bing ar@? i ﬁl(ﬁbso @Sff%atﬁr%ﬁ%}o&l d88°red to be obtai ned
by shorteni ng t heeifofongslioreningomdn iafmimba@eWOMntarmMﬁn]gEKMamhef thesul ti ng
i nformati on word, - g on the
Lo é&i;efﬂsﬁ% cﬁ#f&%ﬂt Q{oﬂgﬁm% P%&é%h %%é&hg%’th%ﬁﬁ{ I%IHeH

ordered col unm groups ornmati on accor to a shortening
pattern determ n@wdiulﬂtlé@ﬁ@heﬂ@r a8d on of the de term ned nodul ati on schene;

and an LDPC encodeypd- %COQQD%@MQhwmtf&gmgbﬁ)Wed i nformati on word;
wher ei n when the nodul ati on sch codeword | engt 6200,
and an i nfor mat i ereélhgﬁﬂr‘fh# zﬂgeﬂel}%%tr%?fr@madﬁgslbawglﬁma&t@ ?H%%ﬂ Y- wher e
p_denotes a permiyt REl'at%hshl IS els Em&atloﬂ%&%ﬁés%ﬂ imPok LB PR/ @R
[21] A nethod fon_encodin a chahnel US| ng a LowDensity Parity-Chec

(LDPC) code in a|coptrunitciat oﬂz;ystc(ér,n i mcAudim@) g péni |y Checkisimt oix
extractor, ashortening pattern applier, andlan LDPC encoder ! the nethod
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where 7t denotes a permutation function that indicates the shortening pattern.

[22] The method of claim 21, wherein reliabilities of bits included in a modulation
symbol and a degree of a variable node are considered in determining the
shortening pattern.

[23] The method of claim 21, wherein when the modulation scheme is 16-QAM, a
codeword length is 16200, and an information length is 7200, a sequence of
shortened information column groups is 18, 17, 16, 15, 14, 13, 12, 11, 4, 10, 9, 8,
7,3,2,1,6,5,19,and 0.

[24] The method of claim 21, wherein when the modulation scheme is 64-QAM, a
codeword length is 16200, and an information length is 7200, a sequence of
shortened information column groups is 18, 17, 16, 4, 15, 14, 13, 12, 3, 11, 10, 9,
2,8,7,1,6,5,19,and 0.

[25] A method for decoding a channel using a Low-Density Parity-Check (LDPC)



synbol and a degree of a variable node are considered in determning the
shortening pattern. [23] The nethod of claim2l, wherein when the
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[28] The method of claim 25, wherein the modulation scheme is 64-QAM, a
codeword length is 16200, and an information length is 7200, position values of
shortened information bits include 18, 17, 16, 4, 15, 14, 13, 12, 3, 11, 10,9, 2, &,
7,1,6,5,19, and O.
[29] A method for decoding a channel using a Low-Density Parity-Check (LDPC)

code in a communication system including a shortening pattern estimator and a

decoder, the method comprising:

decoding, by the decoder, data using the determined position of the shortened
bitbased on a shortening pattern;

wherein the shortening pattern is determined in consideration of a modulation
scheme, and when the modulation scheme is 16-QAM, a codeword length is

16200, and an information length is 7200, the shortening pattern is defined by:
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where 7t denotes a permutation function.
[30] A method for decoding a channel using a Low-Density Parity-Check (LDPC)
code in a communication system including a shortening pattern estimator anda

decoder, the method comprising:



shortened information bits include 18, 17, 16, 4, 15, 14, 13, 12, 3, 11,
10, 9, 2, 8, 7, 1, 6, 5 19, and 0. [29] A nethod for decodi ng a channel
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decodi ng data usiyigrd heefRie! fARaeiBRSI tion of the shortened bit; wherein
t he shortenl ng pattern is determ ned in consideratjon of a nodul ation
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shortened bit by estimating information about a shortening pattern; and

a decoder for decoding data using the determined position of the shortened bit;
wherein the shortening pattern is determined in consideration of a modulation
scheme.

[32] The apparatus of claim 31, wherein reliabilities of bits included in a modulation
symbol and a degree of a variable node are considered in determining the
shortening pattern.

[33] The apparatus of claim 31, wherein when the LDPC code has a codeword length
of 16200 and an information length of 7200, the shortening pattern is selected
from a plurality of different shortening patterns defined by:
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where 7t denotes a permutation function that indicates the shortening pattern.

[34] The apparatus of claim 31, wherein when the modulation scheme is 16-QAM, a

codeword length is 16200, and an information length is 7200, position values of
shortened information bits comprise 18, 17, 16, 15, 14, 13,12, 11, 4, 10,9, 8, 7,
3,2,1,6,5,19, and O.
[35] The apparatus of claim 31, wherein the modulation scheme is 64-QAM, a

codeword length is 16200, and an information length is 7200, position values of
shortened information bits comprise 18, 17, 16, 4, 15, 14, 13, 12, 3, 11, 10, 9, 2,
8,7,1,6,5,19, and 0.

[36] An apparatus for decoding a channel in a communication system using a Low-

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

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

based on a shortening pattern;

wherein the shortening pattern determined in consideration of a modulation

scheme, and when the modulation scheme is 16-QAM, a codeword length is

16200, and an information length is 7200, the shortening pattern defined by:
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o0y | w1y | w2y | w3 | wd) | 5y | one) | wll) | ng) | nl)

18 17 16 15 14 13 12 11 4 10
w10 | w1y | w12 | w13 | w14y | w015 | nlley | w17 | w18y | n{1Sh
9 g 7 3 2 1 & 3 19 o

where 7t denotes a permutation function.

[37] An apparatus for decoding a channel in a communication system using a Low-
Density Parity-Check (LDPC) code, the apparatus comprising:
a decoder for decoding data using the determined position of the shortened bit
based on a shortening pattern;
wherein the shortening pattern determined in consideration of a modulation
scheme, and when the modulation scheme is 64-QAM, a codeword length is

16200, and an information length is 7200, the shortening pattern defined by:

Relationship between permutation functions suboptimized on 64Q AW (2)
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where 7t denotes a permutation function.



