[ DESCRIPTION ] [Invention Title] METHOD AND APPARATUS FOR CHANNEL ENCODI NG
AND DECCDI NG | N A COVWUNI CATI ON SYSTEM USI NG LOW DENSI TY PARI TY- CHECK CODES
[ Techni cal Field] The present invention_relates generally to a

comuni cati on system usi ng Low Density barity-Check (LDPC) codes, and nore
particularly, to a channel encodi ng/ decodi ng apparatus and met hod for
generatingaéggﬁliﬁﬂsg]having various codeword | engths and code rates from
an LDPC c ik Pnla hi gh- or der nodul ati on schene. [Background Art] 1In
Wi rel ess communi cation systens, |ink performance significantly decreases
due to varlleustipeirgRgd in the channels, a fadi ng phenonenon and I nter-Synbol
Interference (1SlI). Therefore, in order provide high-speed digital

comuni cagi-gh st.ens, » Wi, Gh- ior e, hi.gh.-dat rQUany ' |l iabjlLity,
such as CHS TS ZERe A TEn o Eettir e FohDag R BReuRadthg. An
portable | r Lt is. inportant to devel op_technol ogies for overcom ng
t he chanﬁéﬁkﬁ%ggﬁgéhhgﬁi mggﬁéﬁﬂ§ﬁ?Lﬁ86§H@ﬂ TYAARK %hﬁ@%K§¥ﬂa?Sof an
error-correcting code has been conducted as a nmethod for increasing
communi catliTeghniel Fatdl ity by efficiently recovering distorted information.
The LDPC code, i.e., a type of error-correcting code is generally defined
as a par ity 6Resk ; ihX i1 1y, epr. US| NG i-panti. .aph,

_ & RLEbX rcRRd SRR rlﬂgp[‘ﬁ P _Fﬁﬁl% SQils sgfgtcﬁa Q%H%SL(}“ Beﬁ{a@p

which is referred to as a Tanner gr e bipartite grap ans t

vertexes {£onSkLL Yt i e graph are divided into two, different. types, and
Uhe Lopc oRethict (hBRE e Bho N Hoe BheT et e yraphbhocain e Bhiexes,
sonme of which are calreg'variable nodes and the other of which are cal]ed
check nodBEaratR angd gpethad dom geeeatneel BRE- e eV irmppeaut sodemere fesise ¢ s.
FIG | illustrates an_exanple of a parity-check matrix H of the LDPC code
havi ng 4 cPeagtesdim 8n EHIPGnenslc aRetndn pibigh-eidePnaiulatiorbebause t he nunber of
colums is 8, the parity-check matrix Hl is an LDPC code that generates a

| engt h- 8 dBdewosehd AnH the col ums are mapped to 8 encoded bits. FIG 2
illustrates a Tanner graph corresponding to the parity-check matrixof FIG

| . Referrjng.k .. the_Tanner. h of the LDP de | 8

var i abi ¢ hogsb o FySieat Jor Sa infsBRTeRpe! sy EEap o) Blatwro)
X7 (214), and.ﬁﬁ_&216g, a§3.4 gheek nodes 218, Zﬁgf 222, and 224. Ancol um
and a j t ROPEW"'AC EHE Pard B reHeCRORERT: HNI@rS i | LB S PP t o

a variabl e node xi and a jth check node, respectively. In addition, a value
of 1, i.d& OréernBipvisr bighapaed digital eenpoimeatighesysicmme ovbivh wadira ligh dew i n
the parity-check matrix H of the LDPC code cross each other, indicates

t hat t hetleoughpah sedgelibletivgesuct has viar naetil@naaden xhokind colenyntdatichedigitalode
on the Tanner graph as illustrated in FIG 2. |In the Tanner graph of the

LDPC codéroadcaegs emdfortabR madih@abies neggantd dhelpheeknolagds fondiverbasmgt he
nunber of edges connected to each respective node, and the degree is equal

to t he nwyherof 15 28000 e s ofolh 00 o EQF LESP NG, t he
WESEN QA HBRAs, Z84iRg SIMY I'rS]?Si}(éc@nt"f’y, QR ?H’sgﬁ% stE%VDV%FQﬁ E‘?§1p&ﬂfycﬂlggé%§qce, -

pertinent node in the parity-check matrix o code. For ex

FIG 2, grees of. the variabl e nodes x,. (202 x2 .(204).,, . 206) ,. X

(208) | xg%’( bES) ?‘9%%182'?;185)‘3 "igf’dei%) 1,“‘*‘&%%1“@@"8%1%5“’%‘5’8 ‘E?‘m’éﬁg’séy §%)“é‘;’“)%@, 2,
and 2 res ecpiv%L , .and degrees of check nodes 218, 220, 222, and 224 are
6, 5, b5, ARYEE é@ﬁ%ﬁ%ﬁ@&#&@n1n addition, the nunbers of non-zero entries
in the colums of the parity-check matrix H of FIG 1, which correspond to
t he vari aBf EDF6densicot.c.Fp Gpexf ewirmeltdeing eodes leenerdBy delbreddas BparBy-cBecke, 2,
2, and 2, respectively, and the nunbers of non-zero entries in the rows of
t he pari tptrcheck amthe sephdisentd FkiGg d pipattite radr nasgoidrdfarédhe shecknnades
of FIG 2, coincide with their degrees 6, 5, 5 and 5, respectively. In
order t ogeypIEssbhipedite eraphShEdnRUhd ol é(ﬂ@tiﬂﬂﬂﬁ@%@{pﬁ?ﬁ'%rd—@ﬁ’f@le@lqgl%y tR
rati o of the nunber of degree-i variable nodes to the total nunber of

vari abl e pdes 1i,5..def i ne hode®d ool @k L0 @f 11k toer . of €= i
heek nodoe 1o he Tor S romser st Rk tbOuifl b TR R o ERILET
for the C.code corresponding.to Fl.Gs. 1 and.2, f2=4/8 f3=3/8 f4=1/8,
and fir %QE’(%;% SO O] o §1:“37“211,%ddéﬁiblfA“,Od‘é%%lldgﬁhéd)“ﬁ%r‘ﬁ,“8"3351‘ 8'° Rﬂﬁ&ﬁ CB‘*HJf‘engt h
of the LDPC ¢qde, i,e the nunmber of colums, is defined as N, and the
number ofPdEEWEIG \ErIGRIFINREES HE ORES0-oppmagRHStle BicodehbEero entries in the
entire parity-cheek matri x having the above degree distribution is conputed
as shownlEgdaiilvgirmtesiyn e@mple of a parity-check matrix H; of the LDPC code having 4 rows



AT/2 (1) In Equation (1), as N increases, the density of is in the
parity-check matri x decreases. Generally, as for the LDPC code, because the
codeword length Nis inversely proportignal to the density of non-zero
entries, the LDPC code with a large N has a very |ow density of non-zero
entries. The term"lowdensity"” in the nane of the LDPC code origi nates
fromthe fh% ve(ﬂmenti oned relationship. FIG 3 schematically illustrates an

LDPC code™ a o(i)tuen "as the standard technol ogy in Digital Video

Br oadcast -Satellite transm ssion 2'd genera on(DVB-S2), which is one of
t he Eur op%%%"f’é?igd?tl'é@- br ¥saesdbe REME Tkl esns isrf, praardy-cigckamatrikiH disrot e a
eodeword |l ength and an information length (or length of information word)
of an LDP@Redede thak penstiteset engtingl c¢ddwokD qprabé desmas par ntypedengtdncoded
Further, integers ML and q satisfy g--(N-KI)/M.. Preferably, KI/M is an
integer. biReferring to FIG 3, a structure of a parity part, i.e., Kith
colum through (NI-1)th columm, in the parity-check matrix, has a dual

di agonal HGapeuskBRE 8fahfor @i QfreHRARS tdllit ok iRHEL QR m AL, GPKUETS
corresponding to the parity part, all colums have a degree of 2, except

for the |1@§&Tiﬁg l,t(‘»J Fr%'h%\ﬂg}ﬁmﬁﬁgﬁg%hﬁ?ﬁme Il]%l’(% &Rcﬁegﬁiﬂ%%ééo % Yk alﬁ(? léod;(r:? té{hk@&) an

i nfomati on par roug unmn, usi ng

the foll Qqw r.ul 1 ot f col u rou i s generated by
gr oupi ng% %%’oﬁ%?rﬁ@’ ’é‘@jb @s 66?@051@“ ﬁ)i QSH%‘@ {14\?0?1}‘?1&’%8%?1 Fcﬁf FlichFPi‘@Qes A%
parity-c Bk nmatrix into pultiple grqups each including M columms. A

SC

met hod f orVf S4midRd) 2861 Ai's cplenengidngl't B vedceasrinnehagk sugirix &lilobwee ROPE 2

below. Rule 2: First, positions of 1 's in each Oh colum in ith colum
groups (Whé¢ areimappekly Miridnendetennd agtchedhenda rebpgetaelyofin addtitn, aolalien i n
each 11' columm group is denoted by D, if positions of rows with 1 are
assuned tod 1pen(dhomntad) Taluk, at t(ROSbihi AASeROKY 2olubnodndrOfsoW it ihelpaie cH@ki ned
as shown in Equation (2), n a _11 colum (where j-1,2, M-1) in ancol umm

! ) 1n
group. Phigtrix HROKhetLOPE 8E- dds-cabh l&ﬁljcr,-igdi%ateé Tika thze'r% i{ 2) e@%ﬁcgétwe&gthtco the
above rules, it can be appreciated that degrees of colums onging to an

variable node x; and the j" check node on the Tanner graph as illustrated in FI1G. 2.

In the Tanmner graph of the LDPC code, a degree of the variable node and the check node
indicates the number of edges connected to each respective node, and the degree is equal to
the number of non-zero entrics in a column or row corresponding to the pertinent node in
the parity-check matrix of the LDPC code. For example, in FIG. 2, degrees of the variabie
nodes x; (202), x; (204), x5 (206), x4 (208), x5 (210), x6 (212), x7 (214), and x5 (216) arc 4, 3,
3,3,2,2,2, and 2, respectively, and degrees of check nodes 218, 220, 222, and 224 arc 6, 5,
5, and 5, respectively. In addition, the numbers of non-zero entries in the columns of the
parity-check matrix H, of FIG. 1, which correspond to the variable nodes of FIG. 2, coincide
with their degrees 4, 3, 3, 3, 2, 2, 2, and 2, respectively, and the numbers of non-zero entries
in the rows of the parity-check matrix H) of FIG. 1, which correspond to the check nodes of
FIG. 2, coincide with their degrees 6, 5, 5, and 5, respectively.

In order to express degree distribution for the nodes of the LDPC code, a ratio of the number

of degree-i variable nodes to the total number of variable nodes is defined as £, and a ratio



colum group are all equal to Di, For a better understanding of a structure
of a DVB-S2 WPC code that stores information on the parity-check matrix
according to the above rules, the following nore detail ed exanple will be
given. As a detailed exanple, for N =30 K1-15 ML=5, and g=3, three
sequences for the information on the positions of rows with 1 for 0'1

columms i up an be expressed as foII ese
sequencesqgﬁ%nwggﬂﬁﬁg@ Fﬁ3é@CQM%FBﬁﬁPEmﬁBQFPWBHu§5‘ Hté@““1PB¢““q@*él

[ 420) 14, 30) = 2. =113,?, = 13, 12,0 - R31:1c:1 = H R-(2) = 10.
RP) 5 cdit é‘éfiﬁﬁ‘@a 9§ ﬂb“dsli)lfﬁ? shdeeairspreingianibe expt adsetS.ds=¥) fhoMs, ddr
each colum group. For exanple: o1 2 0 11 13 0 10 14. That is, the th

wei ght - 1 fp@sot i78n3 skque pees/4.ret-hd, aml g0 fie jgdudvitdnad ]cygjzﬂqeupnlesielht’@ chbe
information on the positions of rows with 1 for the ith colum group. It is

possi bl e ifeq tgemenBirerasiuhbRC scRdaehavingnhd Me nsamer 60RGRAL dagnddnatnef 1R
DVB-S2 LDPC code illustrated FIG 4, by forming a parity-check matrix using

t he i nf orgaRgii Lesp t.Q.t nd.E La.an
B e S N i T

and 2 ca aoded. us he structural shape. Respective
steps | n’&éﬁ%ﬁ Oﬁlslg&gﬂgdté{d ?S thwﬁj:%lfﬁ%gg ‘codi ng using the DVB-S2 based
parity- check matri x wi II be descri bed bel ow by way of exanple. In the
foll owi ng degckr pt tai led exanple, a DVB-S2 LDPC code with
N1=16200, Tl?ﬂ%ﬂ%_qqnxﬁwguﬁéﬁg q:ISLﬁﬁdergoes an encodi ng process. For
conveni ence, i nfolkmaty’ Qn bits having a length 1(1 are represented as"l K,
and parity bits having a |length (N'-KO are exprezg)ed as (TO P1- PM-K1-1)
Step 1: An LDPC encoder initialL.es parity bits follows: 1 = El =
=11mK, - k Step 2: The LDPC encoder reads information on rows where a 1 is
| ocat ed ith Féi“?:f&l‘hﬁlﬁ 8% OUpreaseh. Ahodmsigi gfht's 1n pless briiyrehsequeiice deutases: t he
stored sequences indicating the parity-check matri x.

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 N has a very low density of
non-zero entries. The term "low-density" in the name of the LDPC code originates from the
above-mentioned relationship.

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

In FIG. 3, Ny and K; denote a codeword length and an information length (or length of
information word) of an LDPC code, respectively, and (N)-K,) provides a parity length.
Further, integers M, and q satisfy q=(N;-K,)/M,. Preferably, K,;/M, is an integer.

Referring to FIG. 3, a structure of a parity part, i.e., K" column through (N;-1)" column, in
the parity-check matrix, has a dual diagonal shape. Therefore, as for degree distribution over
columns corresponding to the parity part, all columns have a degree of 2, except for the last
column having a degrec of 1.

In the parity-check matrix, an information part, i.e., 0" column through (K-D" column, is

created using the following rules.



0 2084 1613 1548 1286 1460 3196 4297 2481 3369 3451 4620 2622 = 0, R) =
2048, R = 1613, C = 1548, RL150) =1286, = 1460, Rillo) = 3196, - 24512) _
fry, 221,0 -0 - 0 G/O -= 26221 The LDPC encoder updates particul ar parlty
bits p"in accordance with Equation (3),"4usi ng the read information and th
first nthrmation bit i0. Herein, x is a value of LOfor =1"2, = Po Jo
21543 = Rl 540/ 1P 23 P31 g0'0 ' P7369 = 23369 )0 ' 22022 = P2022
e Dl A 1%‘2%@3%98%f%@ﬂ%wmzéswwcé%bmmuzwgé%n R corsgpmding
PI 613 -i 630 21400 = PI140011.' 1Q 22401 7=7 224

to the m{onnahon word in the parity-check matrix into multiple groups each including M,

e

columns. A method for forming columns belonging to each column group follows Rule 2
below.

Rule 2: First, positions of 1's in each 0™ column in i column groups {(where 1=1,.. . Ki/M))
are determined. When a degree of a 0™ column in each i column group is denoted by D, if

(13 2 Al 2
» , O PR O Ly o
positions of rows with 1 are assumed {0 be ., posttions

Q( &) <€r =12,
5 D) of rows with 1 arc defined as shown in Equation (2), in a jlh column

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

R(’:” = Réﬁ_Q + 111{.:ntl.{[_Nl -k
k=12..D. i=1_, f;_'l,f’..‘\-[E o=l M -

According to the above rules, it can be appreciated that degrees of columns belonging to an
" cotumn group are all equal to Dj. 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.

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

sequences.”

)(1‘ (5 73
jli} LR =L jlu“—-»

]‘)‘\} —_ } j"JZ? wil j’)(?) - 13

2,0
(1% s +
Riy=0, B =10, R =14

i i

Regarding the weight-1 position sequence for 0" columns in each column group, only the



24620 = 20020 '4"" /0, (3) ,) In Equation (3), can also be expressed as ,
andrepresents binary addition. Step 3: The LDPC encoder determ nes a val ue
of Equation (4) for the next 359 information bits i", (where n¥l, 2, ...,
359) after io. C. V '111+ (11E10() goné( 111=360, iiil,2 (4) In Equation
(4), x is a value of R(llcr— 11.1) t should be noted that Equation (4) has

t he same con S encoder, performs an.
oper at i onC%gil 9)%9&1111@ )0%%%&1 3{, ucng mn!:gzl X cts%gi aqqugg/s ?(Bucﬁlah Icgfugah,altop%[}"o(l 4).
That is, the DPC encoder updates parity bits 7 P(l-Fq)nockiii- K1)
encoder UPdEPEs parity bits Pl 5 = P151P7099 =7 P2099P1623 = Pl 628

012

01113

010 14.

That is, the i® weight-1 position sequence in the i™ line sequentially represents the
information on the positions of rows with 1 for the i column group.

It is possible to generate an LDPC code having the same concept as that of a DVB-S2
LDPC code illustrated FIG. 4, by forming a parity-check matrix using the information
corresponding to the detailed example, and Rules 1 and 2.

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.

In the following description, as a detailed example, a DVB-S2 LDPC code with Nj=16200,
Ki=10800, M;=360, and g=15 undergoes an encoding process. For convenience,

gty gy

information bits having a length K, are rcpresented as ., and parity Dbits

o Pro Py 1)

having a length (N|-K,) are expressed as
Step 1: An LDPC encoder initializes parity bits as follows;
Pa= = = Py g =4
Step 20 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 indicating the

parity-check matrix.



P1563

P3211- P321 | ' P4312

P1301 PI 475 = 1)1475 as defi nequuatlon (5). +

1) 1563 +P1301
P431 2 + P2496 = P2496 + ' P3384 = P3334 + P3466

P3166 + P4635 = P4635 P2637 = P2637 +

B
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=407, B =041 RO - 2369,

The LDPC encoder updates particular parity bits p,in accordance with Equation (3), using

({)
the read information and the first information bit . Herein, x i1s a value of R for

=120 13

Py =y Ty, Pagsa = Paoss T lge Pas = P T
Pisas = Praas Floe Proas = Prage Voo Prage = P Pl
Prags = Proe Flys Pager = Pagy iy Pugt = Pagc Tl
Pl Pas = Pas Ty Pagm = Pagn Ty

Pyiy = Pagsn P 1

Fzsn = Maago

......... (3)

£ g o ?lﬂ s
’ , and ¥ represents

. SR D)
In Equation (3), #*~#* ™' can also be expressed as
binary addition.

Step 3: The LDPC encoder determines a value of Equation (4) for the next 359 information

bits i, (where m=1, 2, ..., 359) after i,.

{x+{uuan quntd(\ ~Ko A =360 =120 359

R ik=12 13

In Equation (4), x is a value of =~ % ". It should be noted that Equation (4)
has the same concept as Equation (2).

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  Dbits

/ {(reOntnod, xg fod(d <Ky . : N
' for i,. For example, for m=1, i.e., for i;, the LDPC



In Equation (5), g=15. The LDPC encoder perforns the above process for nrl,
2, ..., 359, in the sane manner as descri bed above. Step 4: As in Step 2,

t he LDPC encoder reads information of t?e j st weight-1 position
RCK?=1..1".131 2, U for a 36lstinformation bit i360, and updates a
particul ar px, isTheLDPCencoderupdates P(x+(mmodkli)xqgl m(KMKI)" iii= 361
)(710 by simlarly applying Equation (4) to the next 359 infornma on bits
1361, 1362, ..., 1719 after ;ﬁ§pqy§ﬁ§gw§%%The LDPC encoder repeats Steps 2,
3, and 4 §Rbd@!Jhdak h™ having 360 “ilnf gt nat i.on. Bi.ts. p 6: The LDPC
encoder finalI;mg%%ﬁgﬁﬁ%gggparity bits usin§£%§ﬁ§?9%§5%§$?%§fl)1_1., 1
=1.2,-KLl-1 6L_Th§4parity bits pi of Equatiqgn (6) have undergone LDPC
encodi ng. A% dBscri-bed’aboviéys DVL3P52 “pérf orfms encodi ng as described in
Steps 1 to;8-{Biseliosuel hTeehni pal =Asobken] In order to apply the LDPC
code to the actual .comuni catiaon system the LDPC code should be designed

to be suit&bié for "t'heldataPrat’e i r équi T €dsihit he comuni cation system
Par t i cul ar by,, +pRCAcpdes, haylng: yanj,gus codeword | engths are needed to
support varJOQ§)dat@,rafes according 'to t'He systemrequirenents in an
adapti ve cbrunt g4t 'on system enpl oyi ng Hybrid Automatic ransm ssi on
reqQuest (HARQ and Adaptive Mdul ati on and Codi ng (AMO), ‘and also in a

conmuni cat. i Supporting. vari.ous broadcast services. | ver,, .as
Gescri bed dRBeBP LR PEPRRE (o YRGS B RS BB S i Dy P
types of.cgdpmord Ienthf due to its limted use, and each type of the LDPC
code uses" &I S RGLpEREgeH dpdtictybeteck matrix. Accordingly, there is a

| ong-felt need in the art for a nethod for supporting various codeword

| engt hs t06¢H AcrsaseSter et biIAG yneddr fdadxiibliobmationodt theel Sywightal position
Particularly, in the DVB-S2 system transm ssion of data having several
hundreds to thoug@p&§_afﬁbit .i's needed for transmtting signaling

i nformati on. Howeyer! —bBesau: }only 16200 and 64800 are available for a

| ength of “14f8°DVB-S2 LDPC code, [Qtiet® idomnagion ot igorasddipdaies dwgpismiar ot

vari ous codeword | engths. However, because storing independent parity-check
matrixes for respective codewoid | engths of the LDPC code may reduce nenory
efficien®ee herexis aisso a néld for a sthene chPBOl e ofenedderci entipdates
supporting various codeword lengths fromthe existing parity-check matriXx,
W thout regquiring a neM/par%hy;q@Fngnatfl@.

k(i mad ) g tmod( K o : .
(et (mmad i, g JmoddV, 1) by similarly applying Equation (4) to

the next 359 information bits iz, 1342, ..., 1750 after ig.
Step 5: The LDPC encoder repeats Steps 2, 3, and 4 for all groups each having 360
information bits,

Step 6: The LDPC encoder finally determines parity bits using Equation (6).
BEpt e i=120 N =K -1

The parity bits p; of Equation (6) have undergone LDPC encoding.

As described above, DVB-S2 performs encoding as described in Steps 1 to 6.
[Disclosure]
{Technical Probiem]

In order to apply the LDPC code to the actual communication system, the LDPC code



It is noted that reliabilities of bits included in high-order nodul ation
synbol s are different when high-order nodulation is used in the

comuni cation systemrequiring an LDPC code with various codeword | engths,
unl i ke when the hi gh-order nmodul ation i 8 applied in the comunication
system enpl oyi ng only Binary Phase Shift Keying (BPSK) or Quadrature Phase
Shi ft Keyinﬁggﬁfggg. | n %rder Ho)dennnstrate the reliability difference in
hi gh- or deV ISRl 28514969 1 Pasudbinfardhe drteiraidrnbednadhe penpwnisation syieghal
constellations thr adrature Anplitude Mdulation 9 (QAM, which is

hi gh- or defarigdulatliliC codsdnivinguseidus vodormmd héngsitsi on nsydGHemsupport various

QAM nodul at ed synbol includes a real part and an imaginary part, and
various nisttulratd orcosdinpab sheapstbe genesmtiad ibyndidaheverbinatinn@tipRgrittudes
and signs of their real parts and imaginary parts. QMM w || be descri bed
toget her amilbyiQPBKbARIU @HENREMURLAR 0 RqVES (ALGRRT) M dPE@EE NibRu Rkl | s
of QAM characteristics. (a) of FIG 5 schematically i1llustrates a signa
const el | ajsi ; N thon ti Eing to ( f FIG
5 "y0" det mm Acgt (AAROMUERANE o TS ATRIR" R FE R GG an
inaginar%egﬁ&g. That is, a sign of the real part is plus TO for y0=0, and
mnus (-) ftr y0=1. Also, a sign of the imaginary part is plus Op for yl1l=0,

and ninu§% -3 for 12&. Because yo and %! are equal_in error occurrence

pr obabi | iI'tY°V4E %Hé”f}“ 1ed Deyh hadiiE cofr BiodsintthaD YeSgevsionehgs pilditeat e
signs of the real part and the imaginary part, reliabilities of (yo, yi)
bits cor r¥ssERdPAgY e lermhndubats lonitel grakndrahagpabf e IQPBK crdd ubatanon.
For yo ,q and yi the second subscript index q indicates a cith output of

bi ts i nchutbpdnident antyelinkeit noivisi goaldinglybh@é 1£bGond fa€hes@in e@d byt for a
illustrating a signal constellation for a conventional 16-QAM nodul ati on.
Ref er ri ngndtigod R} s@fportia vaRiouk ¥8dewWdrd 1¥nathy/B)inGRAd SR fif apl'dt{%x%iiigzrlﬁ”
nodul ation signal. Mrre specifically, bits yo ané y, determne a sign and a
magni t ud : f t . [Es ively,..while bits yi d y3.deternine a
sign andﬁé@%r%%ﬂiﬁ't ng"eﬂfcggﬁ? he' itﬁggﬁﬁgr%ﬁfﬁﬁt?ﬂ]rtzélgsblglé%ll&\}e?fyaé}%h%vuil% SYland
yi determ.ne. signs of the.real part .gnd inaginary rt of the nodul ation

si gnal , Qﬁ8&§€)@88&V§%8f%Fhf% e%ﬁ@ﬂgiﬂa%%%Hﬁu%*%ﬁﬁgﬁﬂn Al WG nar v
part of the nquI%tion signal. Because distinguishiﬁgva sign of a nodul at ed
signal i SCEHES @Yt Ra andsp4inOsme Agailbieaigni densgh of thedeV Rodul BPEdoseghele, y2
and y3are higher in error occurrence probability than yo and yl Theretbre,
in terni ¥ 8fslhba- evedoforovpuort evic saprobadsdviord dengths. eloweved, @ddusodtdrmii on
signal, unlike those of a QPSK nodul ati on signal, have different

rel i abi | indepsidehtrpatify-Qhddkmsltikat fooRespae@RIcRbidSIcEQRS LT et I DBC &g el , 2
bits determ ne signs of the real part and inmaginary part of the signal and
the remarddudg ndeddrd;Selcnestdd 9s deletmae Mo LHdas &%alglbe i &# ‘iéﬁﬂﬁ/t and
i mgi nary part of the signal. Thus, orders of (yo, yiI, Y2, y38 and’a ol e

of each le yoftH | ?H@Jﬁck?éc%()?@aﬂg ths (ﬁgmtheFlﬁg&l% ﬁ%ﬁ?ﬁqglﬁ*gﬁ!ﬁﬁﬁ; L{ﬁ#’lﬁ%ﬁ;es

a signal const ation for a conventional 6

(yo, yi1, y2..vy3, y4, y5), which correspond to bits of one nodul ation

si gnal , %ﬁ%gmégfwéﬂﬁ“iﬁﬁh?gﬂH@Pérnine a nmagnitude and a sign of the real
part, igg,yl,‘g73, and y5 determ ne a nagnitude and a sign of the inaginary
part. &8 nYtad S rliabggtes akibiie 18¢1gdes iof Diglrerdes atodglation ayabolseare diftirerdr y
part, respectively, and a conbination of y2 and y4 and a conbi nati on of y3
and y5deteemitgh-onegymadudie®nas usdikinrtbalompanmicarion syseerh negiimiag yn pAPC, code
respectively. As described above, because distinguishing signs of a

nodul at editsivgrials teleoasd enptiiamntks e Uhs Mihgoeg Hdduldesy Qf abpecdBdukat ed
signal, rel abilities of yo and yi are higher than reliabilities of y2, y3,

y4, and mmdfieatRint Sstéd @199103}3@('%19@%%1 e gﬁlﬁ’fﬂg&iﬂgéggsgﬁ'%té@a{lﬁiéur& (s

magni tude of the nodul ated synbol is greater or |ess

y4 and yhatesgetieL i n ording to whether the magni tude of the nodul ated
synbol is C(Foszlr&%@']éﬂ&g‘;ﬁgf with 2 centered therebetween or closer to 4 or

8 with centered. Accordingly, a range i.n which the magnitude is ,

det er mi 288”@‘9?\}‘5@‘8%\1&%9% ‘ﬂ& lfgl,d%vlm |déf?fael%t‘£ﬁg@1&1109169&@3%3 1, jaglescriptiga pe or e,
y2 and y$ is higher than y4 and y5 in reliability. As a result, yO=yl >
y7=y3 >DpR f?Silﬁaqt‘ePﬁL@“bﬂs norigidl orongieleiramenioe Qrasbaibicl Pieudd Madulatieh ab
lit es) of the bits. In 64-QAM nodul ation, of 6 bits constituting a signal,
2 bits determ ne signs of the real part and inaginary part of the signal
and 4 bits only need to determ ne nmagni tudes of the real 11 part and

i mgi nary part of the signal. Accordingly, orders of (yo, yi, y3, y3, y4,
y5) and a role of each bit are subject to change. Even in a signal

constel lation of 256-QAM or higher, the roles and reliabilities of bits



To summarize, in BPSK or QPSK nodul ation, it is not necessary to consider a
nodul ati on schene when determ ning shortening and puncturing patterns
because as reliabilities of bits included in a synbol are equal,
reliabilities of codeword bits are al so”equal in an LDPC codeword that has

under gone shortening or puncturing. However, in high-order nodul ati on such

as 16- QA 7 QAM . and..256- CF because the roles and reliahil. ties of

by ts 1 el e s 2D i o Mo PERE R ik R odaar e Oeh it RRaRa
signal co |1 atjon/bit papping (bit mapping on the signal constellation)
schene ha@éf‘@&é’ utﬁggewmbﬁbw?ﬁﬂ%ﬂa%l Part o BREHaELBElERd VB ¢us RodHatiaDPC
codeword, after it undergoes shortening or puncturing, nay be different

f r om t hatsysotshean| pPgrevdedinby dliffietitiaging tmagrdedgossl shor oetiichgealr parts and
puncturing. Therefore, there is a demand for an apparatus and net hod for
gener at i ng:agimabyDRAEsc QAeM usiling: dhatticdnb fgharwitiu QPISKr mBgultio INsiddefoaiban of
hi gh- order nodul ati on. [Technical Solution] The present invention has been

desi gned d@rBddsassiaticl83st QW cRIBhLEeARs and/ or di sadvant ages above and to
provi de at | east the advantages described bel ow. Accordingly, an aspect of

an enbodi yeQt tzhe . n ] | L Qn i st Qvi de. el
encodingﬁ ecoéﬁﬁgsnggﬁgﬁﬁgﬂ gg%@&%i%s&%§¥ %gﬁéﬁéﬁﬁh&% %p%ﬁggnﬁPéeQPEBPC
code, an]]&@ﬁ%fode with a different codeword | ength using shortening or

puncturing de &' ned in consideration of hi gh- or der nodul ati on, and
encodi ng a

information word to generate a codeword to be transmtted via a
channel JSiHEE e (Y diGr edviLdstaminsge B0t ssdipag vile Yo sewwsings arsign of
comuni cation system 12 Another aspect of an enbodi nent of the present

i nvent i opniimagpapyrvi dbatas,clragme] the nmbdinm ¢ decodifmgy.rét dvddname (- ppayat us
for providing optimal performance considering a DVB-S2 structure in a
comuni catls@n sSysbethelsiangabDRE odes ) Br gcephdantggud-1 Foran-aspagliscof, an
enbodi nent of the present invention, a nethod is provided for dividing

i nformatiagm Bi 418 dgdkD i@ BoHrRELE MO prBbdhi B 0UPSheHEEELEIH, N R E,0f
infornation)gits t@ be shortened, dé%g?%?%?hgpzhﬁﬁﬁﬁgﬁﬂ%fhg??ﬁg?gﬂgghﬁg be
short ene : [-m ne r,.0f I nformation bits to be .. ..

shor t ened PERSr PERICHR A EERIAISR QRS 0 bpl Al B ALt es e
groups according to a predeterm.ned order; . a DPC encodj.ng shortened

I of e o pant Py SR ST A R iBieh i RS dbed Gt F@sedninsin 161t he
present invention, an apparatus is provided for a parity-check matrix

ext r act oFCIB SERSEIIRG HEeK qingkarissiach Btk of hite inglysied imp moglulstionpigngr oups,
determ ning a nunber of information bits to be shortened, determning a
nunber ofb)bift Fi§r. duphenetidlysiosttamed: basddonstetlitendtet er cinmet ama hibé4Q /01
information bits to be shortened, and shortening information bits in the
det er m nesbdniantber of bit groups according to a predeterm ned order, and

| - DPC encoder for LDPC encoding shortened information bits. In accordance

Wi t h anoRbRii@sREGY on?I@%,?%?ﬂiﬂP%B c&fl'esiahﬁd RY Gt oz1crﬁ{(g(ﬂfléit% sit e oteS

provi ded an nethod for deno ating a recei ved signal, determ ning position

of shortegnegd:.i nat i its, and decodi.ng the demodul ated signal .ir

consi der SREie e3P sl fia o PR R g LS IE TR RrEPrEREReul Py,

wher ei n dﬁternining pog[t[on of,shor%ened i.nformation bits conprises,

det er mi ni'AGC B ROHBET Yo CieRPHF feti b AND A8 g R OF HisrmesEdTy BiE 'Q¥EF¥Ri ng a
nunber of bit groups to be shortened based on the determ ned nunber of

i nf or mat 1 8# 1Bi Ysancypdetshving erasd; ofathe red quirt i iraaginasy exerof the dnetwaionof

bit groups. In accordance with another aspect of an enbodi nent of the
present $ipv@nwihdn, yat dvgr gdesrpiovindgdtudes appae atdlpatthandaimiesimdyl@toof flar
denodul ating a received signal, a shortening pattern determ ner for

det er m ninngulposi tsigal. oBeca gy HRNBELENALIBhoR B hSdulaRd RuBeGodaticf an
decodi ng the denodul ated signal 1n consideration of the det er ni ned position

of shor t(ﬁ&%dru!ismﬁg ﬁrﬁ{aigﬁ)i%cpgj Jfﬁhe m%.(l&itc% g%‘icﬁf m eﬁllid%?@iqﬁg%hteir an teL:?I())zn é&%&bgt -?d

information bits conprises, determ ning nber "0 or ma its to

be shortened,:;:an termning a.nunber of pit groups to be shortened based

on the daP S Aan ShaRT Gy MR RePiat e F b BB e RS o r i ng

a predetefq}ped order of bit groups. Advantageous Effectsl , ,
reliabitities) of the bifs, ye=y, >y>=ys. That 1s, bits {Vy, Y1, Y2, v3), which are included in a



The present invention can generate a separate LDPC code with a different
codeword length using information on the parity-check matrix given in the
comuni cati on systemthat uses hi gh-order nodul ati on and an LDPC code. In
addi tion, the enmbodi ments of the present! i nvention can perform shortening
usi ng different shortenlng patterns according to nodul ati on schenes.
(Descrlpt§R§¥ amnngs The above and othpr aspects, features, and
advant age paflain SepddivnEke dher phe &léé%mocium@m felwhpye saternte
apparent fromthe follow ng description taken in conjunction with the
acconpanyichgpitiietni ngs, in which: FIG 1 illustrates an exanple of a
parity-check matrix of a |length-8 LDPC code; FIG 2 illustrates a Tanner
graph f orlnd 6gaAM yodiiesdn, amibng % bk candtiengioh BelaDPGicedeymleGignd df tHeusdlr at es
a schematic structure of a DVB-S2 LDPC code; FIG 4 illustrates an exanple

of a parigayt &l akadi®diy i pertobr %CQY@'[E@%HBQP@I@@[Q]%!B& Qaf):tso(tnlflng'ed 30 dctenn&(),SK

schematically illustrates a signal constellation for a conventiona

nodul at i . n b

scherat i oo Gafe Srabhgond SIRLE R &Y TR Dbl B el 18 can
nodul ati on jus muni cati on system (c) of FIG 5
schenatlcaﬁgfgﬁfﬁﬁgﬁig §S§mggg%8ﬁm%ﬁnstellatlon for a conventional 64- QAM
nDduIatloQ) ?ff g gl ital conmunication system FIG 6 is a bl ock

di agram df) &' fFans sehapetticplly dlusbawtni Batdl sandigiatiom lasangnamtioppcotteey 14
(a) of FIG 7 illustrates an exanple of signal constellation/bit mapping in
| 6- QAM msdldladtonon; (b) of FIG 7 illustrates an exanple of signa
constellation/bit napping nodi fied by shortening in 16- QAM nodul ation; (a)
of FIG &rohlanstngalyes an, exaaplss aliicls c@nédpos® s bied dadiconbdilktidaphadbiisn

64- QAM nodul ation; (b) of FIG 8 illustrates an exanple of signal

const el | gt,ixanibi §, dmpﬁhf&% ﬁmglhfu'd@qn@x sﬁﬂq{fttg@icq szhn aRd~ VAW mgkuld%ﬂnm FIG

9 illustrates a procedure for generating an code W fferent

codewor d ,|,&ngf 44 51?1"3 ﬁélpg'r‘ h%Ym%]ﬁ&& epqﬁl Onl)g % a% M élg{cf %me 56208 %%lgagktd' ng

to an enbodiment o present ustrares 'a

di agram transnlssLon a tus usin ose shortened. LDPC code
accordlnénq HM§H%BH?ﬂ%h?m§$“F ed 4é§8ﬁ%”WH8%ﬁ VUW->“@P C@PgPalﬂé? ¥tes a
bl ock di agram of a transm Ssion apparatus using a proposed
shorteneﬁ%%dﬁ@?@ﬁ@ﬂeLﬁﬁ@”é@ﬁeohéﬁbfﬁﬂﬁgﬂkén%ﬁh@ﬁ%QQPWEanbfNﬁh@*ﬁ@éséﬁt
invention; FIG 12 illustrates a bl ock diagram of a reception apparatus
using an @DPQQ%Od@V@oanMQhCbﬁmgas@dgshgnieﬂ‘mgmnéwamﬁlmgd; aceaidi tgnt 0 an
enbodi nent of the presentinvention; FIG 13 illustrates a bl ock di agram of

a recept isfingpgan@inagninsico of an BRI dR:nkD 1Mbﬁhzepr0@99§ﬂﬂy§h@ﬂﬁgﬂf&k Aghnand
puncturing are both applied, according to an enbodi nent of the

presentlny@Bﬂﬂﬁgofﬁpgg§Jg%d}4 illustrates a flowhart of a reception
operation of a reception apparatus according to an enbodi ment of the

present YR ONG yoare 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 y2 and y; is 4, while a range for y4 and ys is 2. Therefore, y; and y; is higher than y,4 and
ys in reliability. As a result, vo=y; > y2=y; > ys=ysin terms of non-error occurrence
probabilities (i.c., reliabilities) of the bits.
In 64-QAM modulation, of 6 bits constituting a signal, 2 bits determine signs of the real part

and imaginary part of the signal and 4 bits only need to determine magnitudes of the real



Thr oughout the draw ngs, the sane drawi ng reference nunerals will be
understood to refer to the sane elenents, features and structures. [Mde
thr Invention] 15 The follow ng description with reference to the
acconpanyi ng drawings is provided to asdist in a conprehensive
under st andi ng of the enbodi nents of the invention as defined by the clains
and their_equivalents. It jncludes various specific details to assist in
that undePSt ARGl R HEAS SRS EFoRGR Ll eC Bt (et A i ¥ YRS AIOlC
Accordingly, those of ordinary skill in the art wll recognize that various
changes aHd2¢bbit Bicabieshy drnghévenbodisizat @ndeBarinbedd She@ aMhochighprethvade
w t hout departing fromthe scope and spirit of the present invention. In
addi ti on,roltesmdi plialohgesodt wied kelsniawmef uncidubiisn afchat ares Hittiednt eRsd@Eghed
omtted for clarity and conciseness. Further, the terns and words used in
the fol | abbng Ales&iiidh,iQrtaed dedcaibisn Blefeol @itolbk Bhii@d f@eihhe bi bl i ographi cal
meani ngs, but, are used by the inventor to enable a clear and consi stent
under st angj friden ' [ ordingly. . it . rent
o those S TTod 1ot RLSERF Qe AL Afon WA Ry 1 o SR 4 G ARRA
enbodi ments. of the.present inyention are provided for illustration purpose
ony and S ghOF ABEET Pl hOT N fY RGPS ibEn b Rinb e BURHLE wihe
appended .cl ai ns. and t&gir equi val ents. The follow ng description of the
enbodi medtdUd inre SEPRAEHe crivRlerrlinbiitisy 67 icoraavosd jpist R aise reastl pay HRECan
LDPC code with various codeword | engths suitable for high-order nodul ati on,
usi ng a pafewgiddhadrs nadarponeshoresng ae purad ingdDPCwevde imhigh-cadpanedutaicar
form In addition, the description of the enbodi nents of the present

i nvent i osugr aviideQAdf &pRaML usd F286-GANROFdchig thariotdd Sarcio celabil dick exfdbitss
according to high-order nodulation in a comunication systemusing an LDPC

code in anddalediif Wl sgmbbPidi @ReniawiBE Bochdultiof QB! 4ddNPsibRe 8 AR atbi/bit
particul ar, the description of the enbodi nents of the préesent invention

011 S 2o RLIOH 05 ASIFAEL A, A BEE SOUE-HEIIE ReERILIY ERSRRY
LDPC code. and . tus thereof. 16 _Referring to FIG 6,
LEPC oty 30 RERL 3SR IR S0l SohLle S B Ry TERESe ¢

transmtted to a _receiver 630. The LDPC encoder 611 encodes the input
message NaYaPd dalierpiit §omnthag € ghe d-13F g nendew ot baforp du hadesgoes 1ortpRias or
modul at or 613 nodul ates the encoded signal c, and transmts the nodul ated
si gnal sptectemes.recei ver 630 over a wirel ess channel 620. A denodul ator 631
in the receiver 630 denodul ates the received signal r, and outputs the
denpdul atieeresirgnikrexist:od@naddDRE mlegpderubddl méhed WBCdesadrr ailb BB rdecaites

t he denodul ated signal x, resulting in an estimate - of the nessage based
on the datiag ERERNUBDIHRKAUER: @ ndiderkien S RRANNEL Bafiabie LDPC encoder 611
generates a parity-check matrix according to a codeword | ength required by
a communi gat | ) te using a preset schene. Particularly, in accordance
with an egﬁ%h?ﬁﬁﬁ%ﬁu &phe present invention, an LDPC encoder wi |l support
various codeword | engths using the LDPC code without the separate need for
addi t i on&hc spresed inréionahioheen ndetged dancddwiss mtakagnmiodirettmef atdie
present invention, a nethod of acquiring various codeword | engths froma

gi ven LDEG:dbadagusdgsvehardtteprangdont Rusiche i ighiagve badided halowoptdedidiesly,

per f ormance by applying shortening or puncturing to an LDPC code in

accor dange Mptha ofoge EAb&IiRkn@ FOWRNONEsneNGLERINE i€ Ufol §RbiNe KROWRnncl
However, in nost cases, because the known nethod of determ ning the

cons! der ot SUARRE b ABEahh B R L e RO RO PP BREE v 1
Koy, BT B AT SRS P ARG s BT B

patterns optim zed when a signal constellation/bit mapping schene has been
det er mi n&ESIIETAER R JrHgePrden dndigtion. eah cheoddnd peiRRIMAKENTOIbEe 2EFAIBRSK or
QPSK nodul ation. In BPSK or QPSK nodul ati on, because reliabilities of bits
i ncl udededdawardipnsolrarametteiguiala, chaiifel uselg thbgkidrited LOPCcodiewnrddicbidisg it an
LDPC codeword after it undergoes shortening or puncturing are al so equal.
Consequentleyprd her @niisuticati@edstem. consi der a nodul ati on scheme 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 schene and a signal constellation/bit mappi ng schene have
been determ ned, reliability of each codeword bit in an LDPC codeword after
it undergoes shortening or puncturing may be different fromthat of the



18 bit ratio is very different fromthat before the shortening. Simlarly,
(a) of FIG 8 illustrates an exanple of signal constellation/hit mapping in
64- QAM nodul ation, and (b) of FIG 8 illustrates an exanpl e of signal
constel |l ation/bit mapping nodified by silortening in 64- QAM nodul ation. In
(a) of FIG 8, areliabili ty rel ati onship between bits included in a synbol
is yo = =y3>y4 =y5. Inthis case, it can be appreciated that 1/3
of vari ab’l“é‘”%‘é’d%“é’ew oh aphemhrdiment ofidle gECieRl tIENIDPGS COdBWOIY ar &arBpped
to the lowest-reliability bit y5. However, when 2/3 of the highest-degree
var i abl e cheetbsy/denddingonsthod tighi mgrass fdr Ilmxtxﬁlag@@tum poYorofanéd GnsBlering acan
be understood that 5/6 of the remaining non-shortened hi ghest-degree

vari abl e IN6H& 3 sruompp@d doonrhigedtionesitemalsinghibid Yodekt y5, so that the bit
ratio is different fromthat before the shortening. Wen the high-order
nmodul ati of Rehaak:.caRdh the.peanad at?%ﬂ%@inlt&tt 'oqu'ﬁ@ Aﬁcsmpm\feﬂtlcﬁphﬁ%tlﬁ)ﬁetsf' xed

for a given LDPC code as described above, the shortening or puncturing
pattern B . n It u ratio
bt he LR o SRR bl s BHR O o Ty taaluth‘?t‘f%nl Lﬁmm s
very d|ff r. ccor to the h tenln tec kno

that in t é“@&?g“%“f g‘n \?5?3@“%’88 ‘gié‘ijmé’émg@slﬁlflt Clﬂ?ﬁt ‘fOL‘BS 6%i’ﬁ OUHE
matrix of its optimzed LDPC code is very different according to the

nodul at i c‘a?ﬁS%idWetﬁe detpaied gumpsgid defognaian Wisttp &a shériensd. SDPCewvg e foisdtionz ed
for BPSK or QPSK nodul ati on and degree distributions of LDPC codes

opti m zeditf ar thtGle@MNjncd 4u@iit ofimd g sRbPs QAMrding t@h pradiefeheinedtorddFpandsi.inP Car
reasons, it is obvious that when it is assuned that an LDPC code havi ng one
degr ee dieﬁatd’diiltg.lstﬁoﬁﬂnddin@JirM@tﬁbn bire optim zed shortening or puncturing
pattern is different according to the high-order nodul ati on schene.

Accor di ngl cho@da%@@%t%nﬁtﬂgchgﬁatc@tr cﬁ a%%%ﬁnﬁ%nt%ttﬁ@ D&M 11%@@51@2{1]0 a@fls

i nt ended nodul ati on schene | to find an optimzed 19 eni ng or

punct ur I %B@fcﬁ;ﬁ’ﬁﬂ a p«n?y 10%{1}}88’. cth ?Cl(ar}ol cﬁ M‘Eh Wgtéiwénaéz I&)EFS m?o })8 '1?1[6/ 0? bqw

before a description o enin unhct'uri ng

pattern in consideration dul ation schene is ven, . The term "shorten

ng"as uséd Her e SR8t &y ‘&1“‘?)8‘ g HETRBE™ Rkt OdSetoRged: sftﬁféltlélﬁth LMoY roéi@m t a

speC|f|ed art .of an odeword, after gen ting the LDPC codewor from
2 gi ven paﬁts ‘c?u‘tcat%%PFgFC@ RRQK Sedprie wmgﬁr@ il tf%%bbtloehcﬂmlﬁ&d

better g%ts & & g of sho&g 3 check matrix of th q §

LDPC code ERERSEE Y EP RUpR Ee %‘“‘ e Blé*m ‘és iR fosRT B fet HiefC‘Blé‘t”&ﬁﬁv For

t he par| Y- check mat r ?E DVB-SZ LDPC code illustrated in FIG 3, the
t ot al ﬁ&f*h‘ 7(1‘3“““5"\/ G LN enpodingrhoencd BUPARIN YA bit s2, 1-, corresponds

to a front part of t he Pal’lt y-check matr xand | ength- (NI-KI) parltg
bits,-K1 “13)0‘3?55%“}“&‘;5‘8#6%‘ IFSREC e Eptingnt ¢Hee pasent prereekhiraisprgyided an
Commnl , information bits freely have a value of 0 or |, andthe shortening
t echni qu@%h%‘% {or derpaduipgpg iz eedved gk AdemaHnbrasiop A dopened indumaropistandhat i s
subj ect éff ﬁ§horten| ng. For exanple, shorteni ng{ Ns information bits io to

L' N =- 1¥pPodiRg Jthe depgduipel yighwlatis comaterammat! g, dasympiedi Rashign vall estencdr Ns

information bits, wherein determining position of shortened information bits comprises, determining
a number of information bits (o be shortened; and determining a number of bit groups to be
shortened based on the determined number of information bits to be shortened; and acquiring a
predetermined order of bit groups.

In accordance with another aspect of an embodiment of the preseat invention, there is provided an
apparatus for a demodulator for demodulating a received signal, a shortening pattern determiner for
determining position of shortened information bits, and a decoder for decoding the demodulated
signal in consideration of the determined position of shortened information bits, wherein

determining position of shortened information bits comprises, determining a number of information



information bits io through, to O, the shortening technique can obtain the

sane effect as substantially not using Nsleading colums in the

parity-check matrix of the DVB-S2 LDPC code illustrated in FIG 3. The term

"shortening” actually originates from ti¥e above-described limtation

operation. Therefore, applying shortening herein al so neans consi dering

val ues of, .the shortened information hits, 0. Wth respect to the

shorteniHﬁgt8&ChﬁﬁﬁgrﬁmﬂﬁthﬂﬁmgV%?éHWﬁ@‘§€$“dﬁ9ﬁsﬂ?dﬁs§?P?@?1§ﬁﬁ gp the

receiver can share or ﬁe_erate t he sgqe.ﬁoiython information for the .

shor t ened 1 hF B MATEH ChiP{8MaFR e f e O HE T Y AHE TG Het Bch grgergbit

transnityggxghe shortened bits, the receiver 20 can perform decodi ng,

al ready kKhowing that information bits in the positions corresponding to the

shortened bits have a value of 0. In the shortening techni que, because a

| ength of a codeword that the transmtter actually transmts is N1-N, and a

| engt h of ﬁn i nf or @;QE word is K, -N, the code rate becones (K., - N, )/ (N
iAfyaniacsg “[sdss than the first given code rate K1/ NL.

General ly, a puncturing technique can be applied to both the information

bi ts and Theprpmni tnyeibidnscan Aehdroghsephratepubed ubil e gith ecdiffeguecardokhRngth

shorteni ng techni que commonly reduce codeword | engths, the puncturing

techni quessingnhivk@atifieos MY §8M-08ekeANNL WEORSEE LG LARING s3a8S 1BPlsdd M

val ues of particular bits.” More specifically, the puncturing technique is

si rrpl y ah’f@ﬁ&%@r 1@1?81)1@1%11 zgt{dazlsﬂ-blt’éicg ,,.parti cular information bits or a

particul ar” part of generated parity bits, such that a receiver can erase

the correspopnding bits. That is,. by sinply not. transmtting bits in NI

or edef i ndi aﬁ@gﬁni’ A% TIPS Gl R PEM AR O BPAN BT dhOEHEN S B | ng
techniqueﬁgbtaips the sane effect as that obtained by transmtting a

| engt h- ( REIRENShppseng i shtsragoorBiedn seodabitighrehesssr espondi ng to t he
punctured bits in the parity-check matrix are all used intact in a decoding
process, {Resoppriot uf Drgvitgdhni que is distinct fromthe shortening

techni que. Further, in accordance with an enbodi nent of the present

i nvent i ofpe RESAUS Sition k. ' r.d e nunc | y

shar ed o?hégﬁinatg ?ﬁa%%%%bﬁﬁ1§&¥ﬁgl?rgﬁsﬁ???gfﬁgﬁé%#ﬁgﬂ?gg%§0@g%W%gg t he
system i el up,..,the receiver pn rely erase the carrespondin unct ur ed
o ts. " berseaiob RO R e Eh it OF e v Bk R non g el HiGr
codeword that the transmtter actually transmts is N1-N1, and a | ength of
an i nf or MEACEMRBPHE Ea¥BI8ELBATISIKL, "t he code rate beconmes | < AN - Np),
which is _always greater than the first given code rate 1C1/NL. A
descri pt F# Witluptraiewsrbexammlieofof paitylibedkenitng of edbmitiglié.Ladcalepunct ur i ng
techni que suitable for the DVB-S2 LDPC code. The DVB-S2 LDPC code, as
descri belll@boNlestracanTaifibr bRPE fe@aterhachad Batpartiatetgdi-8 SIDRC Lollee.
Therefore, conpared with the normal LDPC code, the DVB-S2 LDPC code is able

to under BIG. Mol @steftéd €10k aSHQFIAR: B0 IR RBYNb T g, For conveni ence of
this exanple, it is assuned that the DVB-S2 LDPC code has a codeword | ength

d i Bt 0N f N : i d d | th
and an i gy ot ERes BN ol o Al PRb e RS DN R R 2B T a1y

obt ai ned, fr am.the. DVB- S2. LDPC cqde usin he shortenjng techni.qu t he
puncturiﬁé(ﬁgtﬁﬂia&%EQP%“ﬁEEdHaﬁﬁﬁﬁ,aﬁ@%ﬁ éPP%gE9¥mI#”a*&8?W%#@F§nSEgK
NI - N2=N angis.ﬁive ,, 1t i.s possible to generate the LDPC code whose
codewor dPEHGEE" Witd 1P AKLH RREIBRUPEAGRIMSEBIELN, andr espect i vel y, by
shorteni&g Kbits and puncturing (N-K) bits fromthe parity-check matrix of
t he DVB-&2 o BRC. Soskbempoealiyhidusferier atseghal DPGidbdien vibt h ddnOersionk>06-(pedause
its code rate Nis

modulation used in a digital communication system;

(¢) of FIG. 5 schematically illustrates a signal consteilation for a conventional 64-QAM
modulation used in a digital communication system;

FIG. 6 1s a block diagram of a transceiver in a communication system using an LDPC code;



generally different fromthe code rate KI/N |of the DVB-S2 LDPC code, its
al gebrai c AT characteristic changes. For, = KA the LDPC code is generated
by not perform ng shortening and puncturing or by performng only
shorteni ng. However, regarding the DVB-'92 LDPC code, as described in Rul es
| and 2, as one -K,,-value corresponds to ML colums, a total of KIW

col um groups. h_have a structural shape, Therefore, the DVB-S2 LDPC code
is /1, eq@gl("%tgﬁgﬁ" L‘%“éﬁdé’l tHAPP o8§ 5’|‘1‘:g]f"i (FSBst f‘“&BﬁUnﬂ’s"?PlﬂgiW éi%‘bf‘f\ﬁ{ot
use one." value. The follow ng shortening process, which will be described
with ref dPetiddi® FIG 9 is proposed considering such characteristics. FIG
9 illustrates a procedure for generating an LDPC code with a different
codewor d (berdt RIG.r dnilastparsi sy <ghepk ofitsignxd obnseltion/dd hBRGhg adedified drydi ng
to an enbodi nent of the present invention. 29 Referring to FIG 9, an

|, DPC encideenigeherdyynes niddul@psn ssi on modul ation scheme for a synbol in
step 901, and reads columm group information of a DVB-S2 LDPC code to be

subj ect edat Qrsher t @MiNgrdd st %Qm%i%%- off Qﬁ%nai %ons&%ﬁﬁ%&@g ﬁl@g]&ggrié};?ﬁ—gfﬁﬁt ored

parity-check matrix 1 nformation ereafter, t enc nes a
codemordlh&ﬂg%nmNZand an information | ength K2based on the col um group
information of the DVB-S2 LDPC code in step 905. Thereafter, the LDPC

encoder farl )ﬁﬂortening process_ of steps 907 to 913, in which the
LDPC encdibr dakt of AuLHErt @hieﬁ@“%r?feéﬁﬁﬁ]dFﬁ&f‘g’éﬁaﬂfgécﬂ}ﬂh’i@ﬂg iHeBHAhtYon
| ength of an LDPC code, based on the read information of the stored
parit y- ciBelenyg it 64-QAM modulatiopy  =1K. . --= Shortening Step |: The LDPC
encoder determnes in step 907, where is a maxi numinteger which is |ess
than or dduaP ilfwimtes Shorcednicihg @Sheptidg aThOPLDRG: enthodéiricsat eatcsvord Baglhence
for (A+l) colum groups fromp(k)( -to among 1, Ki /MO colum groups in
step 909.fichhe pelipchedt SQAHERCE d&cdeiDMedods according to an embodiment of the

present invention,

FIG. 10 1llustrates a block diagram of a transmission apparatus using a proposed shortened

LDPC code according to an embodiment of the present invention;

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;

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;

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 embodiment of the

present invention; and

FIG. 14 illustrates a tlowchart of a reception operation of a reception apparatus according to

an embodiment of the present invention.

Throughout the drawings, the same drawing reference numerals will be understood to refer

to the same elements, features and structures.

{Mode for Invention)



Si() =1, 4 + D. The LDPC encoder considers that there is no sequence for
the remaining ;-1A - 1 colum groups except for the pa k) 1 sequencein the
sequence Shortening Step 3: The |, DPC encoder determ nes positions of
colum groups ) corresponding to an inflormati on word of the DVS-52 LDPC
code fromthe sequence of (A+l) colum groups selected in Shortening Step
2, generating a shortened DVB-S2 LDPC code in step 911. It should be noted
that the Biidbllewied depptioodethhesrane inthorsanimnying dotvhingsais PyMidedahiashsti s

al ways greater than or equal to Kt Shortening Step 4: The LDPC encoder

addi t i onahlaycesiathi@gise @AderptaMinof clod tiFbsdifinesm dihike shenti@ned d&DRS wodhe
generated in Shortening Step 3 in step 913. 93 |In Shortening Step 4, the

addi ti onajaishoRtENhEY @nmﬁ eRSt]cYudePLRIRO §cirf H&@li@rt@0§§§st' $ that
sequentially performed fromthe rear or the front of the colum group where

the addi tdngﬂ@'!dnﬁllﬂgr b&N} hragﬁ sl?ou%: mo?\f) dCOI‘lAﬁ%ICQIe 3CnhRERRPOXE oxﬁp}algmﬁg% %Sgt o

the present invention app Rorteni ng t'ech

not use |n .onat i,0 Q .on, col umm..gr DVB- ?2 LDPC, cod Pendkng on
The struchtiPaR pl Bl bt Tendesy ‘@2”@53@“8%@ Uegiar daOR it s of the
conventional bit-by-bit shortening techni que, which is comonly used for
shor t eni §§PEFINRGES é\yeuw herein ppEbe grrste S drrsities frewr the seepcaidegidmmde f or
colum groups can be sunmarized as follows in Step 2 in the shortening
process dlic preecrDVBc8aon. DRQIdode, d@cripaoisont well-Khewh DRCtiens odd costiuedts a
shorteni ng pattern sequence for columm groups defined such that optinmal
degree diasd sihbutiiferclghy ahdadicgsehyssconsi dering a nodul ation schene given for
a nornmal LDPC code with a codeword length N, and an information | ength IC

is as simylfér, f’h% t&%%sdlﬁl \@OMQUQ,%%QEO ?UII%%J@%&'@IQ}@U&)‘C an@l c§ AR l—rqu)cg gode
with a codeword llength N, and an nformation eng ( , obtalned y

B or mats ST eERL R el e e s h o S st B R A bn
shortening, patt uence .for col roup, defined to provide g code
havi ng mﬁdnﬁw eg%ef L BRAFaCP RIS ACHROPRE: i abH g@ﬁ@ﬁhg HORGSE e
shortened codes selected in Criterion 1. In accordance wth an enbodi nent
of the pHis@ntthitnientilening dearintion o4 the icndodorentopfl dhe pedsenicapaitiericst i c,
t he LDPC encoder sel ects a sequence where the mninumlength cycle in the
Tanner gpaphdddsfoasgilusarge peppaseillaadand fohde purdese oblintiteg teninventidnessgt h
cycles is as snmall possible. The optinal degree distribution of the normal

LDPC codeéefimedWyi 08 apradadduinat inanh&e banPalbigs.consi dered, can be found out in
Criterion | using a density evolution anal ysis nethod, various

'm[fp| enentat fansvial dMUrHRoALE tk@WBodithehf& ahs pxé‘QW‘%M@JmioQ%?@H&% § hRuRfocess

for supporting an LDPC code with various codeword lengths suitable 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
controtling the same. In particular, the description of the embodiments 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.

FIG. 6 is a block diagram of a transceiver in a communication system using an LDPC code.



24 determning the degree distribution using the density evol uti on nethod
is not essential to the understandi ng of the present invention, a detailed
description thereof will not be provided. If the nunber of all possible
(shortening pattern) sequences for the &l um groups is not great, the

LI DPC encoder may sel ect (shortening pattern) sequence for the colum group
havi ng the best performance by fully searching all the sequences regardless
of CriterREREIMEARd Y. OHeviBGeREe ¥ e Pl o an dPIET ieperden Of brin @oransmiler guPs,
applied in Shortening Step 2 for the DVB-S2 LDPC code enable to efficiently
sel ect a feshorleerg tignypaticérnm)dbiyecsiebe 680 nfhan. IMOPEnasde 63 atdnsbydsnietinputbot h
condi ti ons when the nunber of all possible (shortening pattern) sequences

for the antwame gr asp oufHutsothel @fcged Sighiiet it®Mn ncANt&T 6 eriRNmdddaer anpl i ed
when N ) and IC, are fixed values. However, if values of NI, and IC

required J LSt al o YARILYL . Shar i e 1+QRLLIT
th&UiSs ﬁﬁ(scn%m&f G’f(ﬁ;zﬁ r%’}al. )"}Hc% trah 28 SR &R RS Qiﬁh%lhs; {Hstihgmz%\e (%%[%f(])e

according to the value o ave no correlation.
I f. LV C iked,in th ; . ar yin | | short
bat terns Set v Baa e anbPal KETrs SritGurb el FiSe (it tpe Loy fio e 1
tely, .far. imzed f . Th f , for. t ffici ,
Subopt i mir OBl hanf Ao BRIa LRPG st a8 S GRS APy bBes barbw

when the values of N2 and 1{2 required in the systemare varying. Finding A
Suboptin?%aiportening Pattern Sequence Assuninq.that sel ecti on iof one

col um griGERser Lnederddes dic dpppdwnichgismbcausallting inwrbestingfic sel ecefabice

col umgroups is only one, it is possible to select a colum group having

t he best vpespdeshbasaioe thiWemn remiedtironglofictwitelesslchmegfZBups i s needed for
shorteni ng, one colum group show ng the best performance, together with
the al r edtly ISeP@amesticdlungenghayp paig-chedieataatk ht@mihHeo heiBeRbRYlcaehum
groups. Simlarly, when selection of I colum groups is needed for

shor t eni gyuiRASCOlHATYEEQUBL RAUEMAT ubiNE DERLtREREAL BRIt PARtREE W LD
(i-1) colum groups selected in the préevious step for shortening, are

sel ected wil%Salﬁ re?lmotgnﬁel{te Sieh{aie@t%seglgl i#@]ﬁ%flf 4R SLDIT@ O%%Q%{%Q\%}igggl%&%r%ggg d

S
cannot guarant ee opt1 nal i or a cases, vel'y Stabl e

performance fromt short eni attern_having one regul ar ryle, regardl ess
of the cﬁ%§83§1??0%ﬂ§5 Janeefot R Fhis SPBPR, TRR PRIy Bt IBEE Eh a0 hod
has advant ages. of relatively stable performance and easy storage of

short eni HYOP2©8r ns. A DVB-S2 LDPC code having a total of G columm groups
corresponding to information bits will be described bel ow by way of

exanpl e. ingsardange whtat anoenderdmedt idahemresgrioopsitionhd chthad e sodjisog edrits
shortening in accordance with the nethod of determ ning shortening patterns
are set asdeBbrd BéhetlB3from. a givBX, LMPEo@bhied Borr@aideNCRIRRMNNYdiNRIsahEder s
of the colum groups is stored, efficient shortening is possible for an

arbitrar Mpﬂiﬁgzetp@ﬂ?Hﬂzﬂw@B?ra?)ﬁl@.!dégsh%t@lﬂ ot Bw%?&fiﬁg%i NG HeRo e inl eﬂc&ggﬁfe to
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n
show an exanpl e of the difference betwBen shortening patterns foun

accordi ng.to respective nodulatiaon schemes  using,.the above nethods, Table
A and Tanrec B RE G SR B S TR S AR B B S e
suboptinj,zed for BPSK/ QPSK, 16-QAM and 64- QAM nodul ations with regard to a
DVB- S2 ﬂ_% ‘tode l%iﬂi‘ﬁ( SFD ?8%%#‘&?('% tORLERINE1 SBOBUAAY i PRTRBT REETPER féngt h
K1=7200. 26 Tablc I A Major variables of DVB-S2 LDPC code N1=16200,

K1=7200, OINIRZBIOD preos Ranigeriog okDy BShor PlasnghilieKhvde (BPSK) or Quadrature

Phase Shift Keying (QPSK), only one optimized shortening and/or puncturing pattern can
exist for a given LDPC code.

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

In BPSK or QPSK modulation, because reliabilities of bits included in a symbol are equal,



1) I cor an integerin 7200-K, , shorten all of in colum . 360
528s1 K2<7200 groups eorrespondi tg to 7(0), 71(1)th, ..., Tc(n2-1)th
r ows,
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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.

(@) of FIG. 7, (b) of FIG. 7, {(a) of FIG. 8, and {(b) of FIG. § 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
iflustrates 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 is divided herein into an 8§ or
12-Dit partial block.

Referring to (a) of FIG. 7, vy and y; indicate high-reliability bits that determine signs of a
real part and an imaginary part in a 16-QAM symbol, respectively. That is, reliability
relationship between the bits are yp = y; > ya = y3. In (a) of FIG. 7, because y; and ysare
mapped to an LDPC codeword bit part corresponding to the highest-degree variable nodes,
172 of the highest-degree variable nodes are mapped to a high-reliability part while the other
1/2 are connected to a low-reliability part.

Assuming that the half of the highest-degree variable nodes have undergone shortening as
illustrated in (b) of FIG. 7, when symbol bits corresponding to the non-shortened
highest-degree variable node are considered in the shortened LDPC codeword, 7/8 of a

highest-degree variable node is mapped to y3 and the other 1/8 is mapped to y,. That is, the



and additionally shorten 7200-K2-360minformation bits froma colum

group corresponding to a n(mth row. Here, TC indicates a pernutation
function that nmeans a shortening pattern, and the rel ationships arc shown
at the bottom of the table. However, Mhen a part of a colum group

correspondi ng to a 110 8)=1 9th row is shortened, colums in the

ositions. corres ing to 168 Bose- Chaudhuri - Hocquenghem
P Sbﬂ: rafio is vcr)F/) (()h '?ez'en(% rom that before the shortening. g J

Similarly, (a) of FIG. § illustrates an example of signal constellation/bit mapping in

64-QAM modulation, and (b) of FIG. § illustrates an example of signal constellation/bit

mapping modified by shortening in 64-QAM modulation.

In (a) of FIG. 8, a reliability relationship between bits included in a symbol is v =y, >y, =

y3>ya= ys. In this case, it can be appreciated that 1/3 of variable nodes with the highest

degree in the LDPC codeword are mapped to the lowest-reliability bit ys. However, when

2/3 of the highest-degree variable nodes undergo shortening as illustrated 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 ratic is different from that before the
shortening.

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.

It 1s also known that in the case of an LDPC code, degree distribution of a parity-check
mafrix 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.

For similar reasons, it is obvious that when it is assumed that an LDPC code having onc
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



(BCH) parity hits do not undergo shortening. 2) Shorten all col unmm groups
corresponding to 168Q(2<528 rt(1)th, ..., 1(17)th rows, and shorten al

col ums except for colums in the positions corresponding to 168 BCH
parity bits froma columm group correspédnding to a x(18)=19th row. Al so,
additionally shorten 528-K2 information bits froma  columm group

corresponding to a n(19)=0th row Table 1B
shorténing or puncturing pattern of an LDPC code.

Shortening will be described below before a description of a method for determining a
shortening or puncturing pattern in consideration of a modulation scheme is given. The term
"shortening"as used herein refers to a method that does not substantially transmit a specified
part of an LDPC codeword, after generating the LDPC codeword from a given particular
parity-check matrix by performing LDPC encoding. For a better understanding of
shortening, a parity-check matrix of the DVB-S2 LDPC code illustrated in FIG. 3 will be
described in more detail below,

For the parity-check matrix of the DVB-S2 LDPC code illustrated in FIG. 3, the total length

USRIy

1s Ny, length-K; information bits corresponds to a front part of the

(D0 Do s vy
parity-check matrix, and length-(N-K,) parity bits Py ]Nl_“'z*i_l)

corresponds to a rear part of the parity-check matrix. Commonly, information bits freely
have a value of 0 or 1, andthe shortening technique restricts values of information bits in a

particular part that is subject to shortening, For example, shortening Ny information bits ig to

p=h =iy =0

3:\; -1 . .. . .
’ commonly means that . That s, by lmmting values for N

T

information bits iy through =, to 0, the shortening technique can obtain the same
effect as substantially not using Nileading columns in the parity-check matrix of the
DVB-52 LDPC code illustrated in FIG. 3. The term "shortening" actually originates from
the above-described limitation operation. Therefore, applying shortening herein alse means
considering values of the shortened information bits, as 0.

With respect to the shortening technique, when the system is sct up,a transmitter and a
receiver can share or generate the same position information for the shortened information

bits. Therefore, though the transmitter has not transmitted the shortened bits, the receiver



Rel ati onshi p between pernutation n(4) 14 functions n(5) 13 suboptim zed
n(6) 12 on n(7) 11 BPSK/ QPSK n(8) 4 7(9) 10 n(0) 18 n(1) 17 n(2) 16 n(3)
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can perform decoding, already knowing that information bits in the positions corresponding
to the shortened bits have a value of 0.

In the shortening technique, because a length of a codeword that the transmitter actuaily
transmits is Ni-Ny and a length of an information word is K;-N,, the code rate becomes (K -
Ng)/(Ny . Ng), which is always less than the first given code rate K,/N;.

Generally, a puncturing technique can be applied to both the information bits and the parity
bits. Although the puncturing technique and the shortening technique commonly reduce
codeword lengths, the puncturing technique, unlike the shortening technique described
above, does not limit values of particular bits.

More specifically, the puncturing technique is simply a method for not transmitting
particular information bits or a particular part of generated parity bits, such that a recciver
can crase the corresponding bits. That is, by simply not transmitting bits in N, predefined
positions in a generated length-N; LDPC codeword, the puncturing technique obtains the
same effect as that obtained by transmitting a length-(N|-N,) LDPC codeword. Because
cotumns corresponding to the punctured bits in the parity-check matrix are all used intact in
a decoding process, the puncturing technique is distinct from the shortening technique.
Further, in accordance with an embodiment of the present invention, because position
information for the punctured bits can be shared or estimated in common by the transmitter
and the receiver when the system is set up, the receiver may merely erase the corresponding
punctured bits, before decoding.

In the puncturing technique, because a length of a codeword that the transmitter actually
transmits 18 Ny-N,, and a length of an information word is constantly K. the code rate
becomes IG/(N-N,), which is always greater than the first given code rate K;/N;.

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

suitable for the DVB-32 LDPC code. The DVB-S2 LDPC code, as described above, is an



n(10) n(11) 7(12) 7(13) 7(14) n(15) n(16) n(17) n(18) n(19) 9 8 32 7 6 5 |
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LDPC code having a particular structure. Therefore, compared with the normal LDPC code,
the DVB-82 LDPC code is able to undergo more efficient shortening and puncturing,

For convenience of this example, it is assumed that the DVB-S2 LDPC code has a codeword
length and an information length of 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-52 LDPC code using the shortening technique and the puncturing technique are N»
and Ko, respectively.

If a definition of N|-Na=Nand K;-K,=K is given, it is possible to generate the LDPC code
whose codeword [ength 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.

K-k,

o,

For the generated LDPC code with N>0 or K>0, because its code rate is

generally different from the code rate K1/Nlof the DVB-S2 LDPC code, its algebraic

N, =K o
¢ “ the LDPC code is generated by not performing

characteristic changes. For
shortening and puncturing or by performing only shortening.

However, regarding the DVB-S2 LDPC code, as described in Rules 1 and 2, as one

Q(-@@.’. =12 D=1 N R T
Eolg=12, 0, 0=1_ K/ =00 -1 .
o o Te v TR ST T value corresponds to My columns, a total of

K\/M, column groups each have a structural shape. Therefore, the DVB-S82 LDPC code is

k)

equal to an LDPC code that does not use M, columns, if it does not use one =~ '+ value.
The following shortening process, which will be described with reference to FIG. 9, is
proposed considering such characteristics.

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.
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Referring to FIG. 9, an LDPC encoder determines a transmission modulation scheme for a
symbol in step 901, and reads column group information of a DVB-S2 LDPC code to be
subjected to shortening in step 903. That is, the LDPC encoder reads stored parity-check
matrix information. Thereafter, the LDPC encoder determines a codeword length N2and an
nformation length K2based on the column group information of the DVB-S2 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 corresponding to a required information

length of'an LDPC code, based on the read information of the stored parity-check matrix,

Shortening Step 1: The LDPC encoder determines in step 907, where bl is a
maximum integer which is less than or equal to x.

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

WG =1 K M) , , _
among column groups in step 909. The selected sequence is defined as

() \
Sipti = Lo+ D . . . L
w0 . The LDPC encoder considers that there is no sequence for the remaining

i)

LA - A1 . - Migoo
YL/ column groups except for the partial sequence in the sequence

o L&Y

=g

Shortening Step 3: The LDPC encoder determines positions of column groups

oA R
corresponding to an information word of the DVB-S2 LDPC code from the sequence i

of (A+1) column groups selected in Shortening Step 2, generating a shortened DVB-S2
LDPC code in step 911, It should be noted that the shortened LDPC code has an information
length (A+1)M,, which is always greater than or equal to K.

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.
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In Shortening Step 4, the additional shortening is more easily implemented if the process is
sequentiaily performed from the rear or the front of the column group where the additional
shortening is achieved.

As described above, an embodiment of the present invention applies an efficient shortening
technique that does not use information on cofumn 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 technigque, which is commonly used for shortening of the
DVB-S2 LL.DPC code.

Sclection 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.

Criterion 1: The LDPC encoder sclects a shortening pattern sequence for column groups
defined 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 Ksis as similar as possible to degree distribution of a shortened LDPC code with a
codeword length Naand an information length K,, obtained by performing shortening on a
DVB-82 LDPC code with a codeword length Ny and an information length K.

Criterion 2: The LDPC encoder selects a shortening pattern sequence for column group
defined 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 embodiment of the
present invention, regarding a criterion for a ¢cycle characteristic, the LDPC encoder selects
a sequence where the minimum-length cyele in the Tanner graph is as large as possible and
the number of the minimum-length cycles is as small possibie.

The optimal degree distribution of the normal LDPC code in which the modulation scheme
is considered, can be found out in Criterion | using a density evolution analysis method,

various implementations of which are known in the art. However, because the process of
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determining the degree distribution using the density evolution method is not essential to the
understanding of the present invention, a detailed description thereof will not be provided.

If the number of all possible (shortening pattern) sequences for the column groups is not
great, the LDPC encoder may select (shortening pattern) sequence for the column group
having the best performance by fully searching all the sequences regardless of Criterionsl
and 2. However, the selection criteria for column groups, applied in Shortening Step 2 for
the DVB-82 LDPC code enable to efficiently select a (shortening pattern)by selecting an
LDPC code satisfying the both conditions when the number of all possible (shortening
pattern} sequences for the column group is too large.

Criterion 1 and Criterion 2 are applied when Nz and K; are fixed values. However, it values
of N2 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 Ks required
in the system are varying, all of shortening patterns optimized according to the value of K,
should be stored separately, for optimized performance.

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.

Finding A Suboptimal Shortening Pattern Sequence

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 seclection 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
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from the remaining column groups.

Though the above method cannot guarantee optimal selection for all cases, it has relatively
stable performance from the shortening pattern having one regular rule, regardless of the
change in the value of Ks. Therefore, the above-described the method has advantages of

relatively stable performance and easy storage of shortening patterns.

A DVB-82 LLDPC code having a total of G column groups corresponding to information bits
will be described below by way of example. Assuming that orders of column groups, which
arc subjected to shortening in accordance with the method of determining shortening
patterns are set as By, B,, Bs, ..., Bx, when only the sequence meaning the orders of the
column groups is stored, efficient shortening is possible for an arbitrary K, through
Shortening Step | to Shortening Step 4.

In order to show an exampic of the difference between shortening patterns found according
to respective modulation schemes using the above methods, Table 1A and Table 1B below
show shortening methods and shortening patterns suboptimized for BPSK/QPSK, 16-QAM,
and 64-QAM modulations with regard to a DVB-S2 LDPC code with a codeword length

N;=16200 and an information iength K;=7200.

w



519 0 Referring to Table IA and Table |I B, it can be appreciated that
when a length of information bits to be shortened is determ ned, the
shortening nmethod is perforned through ﬁ‘predeternlned process regardless
of the nodul ati on scheme, but the rel ati’onshi ps between Pernutation
functions indicating optimzed shortening patterns are all different
accordlng,{ ngdulatlon schenes. That is, when the shortening nethod is
appl i ed mnl%out considering the modul ati on schene, significant performance
degradation may occur according to nDduIatlon schenmes. The subopti m zed
short eni ng ,pat terns shown inmTabie | foundforthe—shortening nethod in
Tabl e | A | mayidt2ketuni que aéﬁo?&@hﬁzﬁaﬁegnéﬂ%ﬁdﬁs for finding the

shor t eni NgyPakd eHRS .o FOr exanpl e, several columm groups nay exist that show
simlar perfermance-inithe interim_process described above, i.e., Finding
A SuboptlnaIRsn@menlnq Pattern SEQMﬁ@&QgNﬁMgthS case, because sel ection
of the next—Totunmrgroups—hay u..f@f accofrdi-ng—toe—selection of col um

groups, tlHé subopti m zetorshondzenixag Patter ns amy onatolben uni que according to
perfornance‘ggite%ﬁg eiof the shorteni®hg Jprocess. Actuallly, shortening
bl e

patterns shown 14 glovyfs c@t SR nMh Mﬁ@gh%@qelIg@Llpgﬁgprnance, simlar to
t he shortieni ng nmet hod performance shown in Table & Tabl e 1C Rel ati onship

bet ween pernut ati on 7(4Wﬁﬁ9®@vwbﬂ§0W@5¥N@ﬁﬁm@vMﬂﬁﬂ@@%DZEd 7(7) on BPSK/ QPSK
7(8) (2) , o
from a column group corresponding to a n(m)™ row,
Here, m indicates a permutation function thal means a
shortening pattern, and the relationships are shown al the
bottom of the table,
Howcever, when a part of a column group corresponding
10 a T{18)=19" row is shortencd, columns in the positions

corresponding to 168 Bose-Chaudhuri-Hocquenghem

(BCH) parity bits do not undergo shortening.

2) Shorten all column groups corresponding to 1(0)",

1685K,<528 (1", ..., %(17)" rows, and shorten all colurmns except for
columns in the positions corresponding to 168 BCH
parity bits from a column group corresponding 10 a
n(18)=19" row.

Also, additionally shorten 528-K information bits from a

column group corresponding to a 7(19)=0" row.




7(9) 7(0) 7(1) it(2) 7(3) 18 17 16 15 14 13 12 11 4 10 m(TO)
27

Table IB

Relationship between permutation functions suboptimized on BPSK/QPSK
) | n(l) | w2 | 7B) | n@) | w(5) | M6) | n(D) | w8 | n(9)
18 17 16 15 14 13 12 11 4 10
T(10) | =n(11) | =(12) | =(13) | m(14) | =n(15) | =(16) | =(17) | n(18) | =(19)
9 8 3 2 7 6 5 I 19 0

Relationship between permutation functions suboptimized on 16QAM

n0) | a() | w2 | @) | w@) | 7S | w6 | 7D | w8 | n9)

18 17 16 15 14 13 12 1 4 10
7(10) | =(11D) | =(12) | =(13) | =(14) | =(15) | =(16) | =(17) | =(18) | =(19)
3 9 2 8 7 6 1 5 19 0

Relationship between permutation functions suboptimized on 64QAM

m0) | (1) | ) | w3 | w4 | =B | w®) | 7w | 78 | w9

4 3 18 | 17 2 16 15 14 | 13 12
n(10) | n(11) | n(12) | n(13) | ~(14) | =(15) | =(16) | =(17) | n(18) | =(19)
I 10 9 ] 8 7 6 5 19 0

Referring to Table 1A and Table 1B, it can be appreciated that when a length of information
bits to be shortened is determined, the shortening method is performed through a
predetermined process regardless of the modulation scheme, but the relationships 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.

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
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process described above, ie., Finding A Suboptimal 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 performance, similar to the shortening method performance
shown in Table 1A,

Table 1C

Relationship between permutation functions suboptimized on BPSK/QPSK (2)
n0) | w() | ®m@2) | w3 | w@) | w5 | w6) | "7 | w8 | n9)
18 17 16 15 14 13 12 11 4 10
n(10) | =(11) | w(12) | ©(13) | =(14) | =(15) | n(16) | o(17) | =(18) | =(19)
9 8 3 2 7 6 5 ] 19 0

Relationship between permutation functions suboptimized on 16QAM (2)
a0y | w(1) | w@) | n@B) | =4 | nB) | w®G) | w7 | w® | n(9)
18 17 16 5 14 13 12 11 4 10
7(10) | =(LD) | =(12) | =(13) | =(14) | n(15) | =(16) | n(17) | =(18) | n(19)
9 8 7 3 2 | 6 5 19 0

Relationship between permutation functions suboptimized on 64QAM (2)

o0 | w(l) P @) | w3 L D) | w5 | w6) | w(? | w(®) | w9

18 17 | 16 4 15 14 13 12 3 I
n(10) | n(11) | =(12) | n(13) | =(14) | =(15) | =(16) | n(17) | n(18) | m(19)
10 9 2 8 7 1 6 5 19 0

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.
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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 K,
respectively, that the invention desires to finally obtain from the DVB-S2 LDPC code
whose codeword length and information length are Ny and K, respectively, using the
shortening technique and the puncturing technique, and that a definition of N;-N,=N and
K-Ko=K is given, it is possible to generate the LDPC code having a codeword length and
information fength of N, and K, 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.
Referring to FIG. 10, a transmission apparatus includes a controller 1010, a shortening
pattern applier 1020, an LDPC code parity-check matrix extractor 1040, and an LDPC
encoder 1060, The LDPC code parity-check matrix extractor 1040 extracts an LDPC code
parity-check matrix that has undergone shortening. The LDPC code parity-check matrix can
be extracted using a memory, can be given in the transmission apparatus, or can be
generated in the transmission apparatus. In addition, the LDPC code parity-check matrix
extractor 1040 determines a transmission modulation scheme for a fransmission symbol,
groups columns corresponding to an information word in the parity-check matrix of the
EDPC code into a plurality of column groups, and orders the column groups.

The shortening pattern applier 1020 determines a range of an information word it desires to
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obtain through shortening, and based on the range of the information word, performs
column group-by-column group shortening on the column groups in an order according to a
shortening pattern determined in consideration of the determined modulation scheme,
The controller 1010 controls the shortening pattern applier 1020 to determine a shortening
pattern according to the transmission modulation scheme and the information 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 scquence generator (not shown), or
acquired using a density evolution analysis algorithim for a parity-check matrix and a given
information length.
The LDPC encoder 1060 performs encoding based on the LDPC code shortened by the
contreller 1010 and the shortening pattern applier 1020.
FIG. 11 illustrates a block diagram of a transmission apparatus for a DVB-82 LDPC code
using both shortening andpuncturing. More specifically, the transmission apparatus of FIG.
[T also includes a puncturing pattern applier 1180 when compared to the transmission
apparatus of FIG. 10.
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 F1G. 9.
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 code, and
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recovers user-desired data from the received signal when it detects a transmission
modulation scheme and a length of the shortened DVB-S2 LDPC code from the received
signal.
Referring to F1G. 12, the reception apparatus includes a controller 1210, a shortening pattern
determination/estimation unit 1220, a demodulator 1230, and an LDPC decoder 1240. The
demodulator 1230 receives and demodulates a shortened LDPC codeword, and provides the
demodulated signal to the shortening pattem determination/estimation unit 1220 and the
LDPC decoder 1240. The shortening pattern determination/estimation unit 1220, under the
control of the controller 1210, estimates or determines information on a shortening pattern
of an LDPC code from the demodulated signal, and provides position information of the
shortened bits to the LDPC decoder 1240. Determining or estimating the shortening patterns
in the shortening pattern determination/estimation unit 1220 can use shortening patterns
stored in a memory, can generate shortening patterns using a sequence generator (not
shown), or can obtain shortening patterns using a density evolution analysis algorithm for a
parity-check matrix and a given information length.
The controller 1210 controls the shortening pattern determination/estimation unit 1220 to
deliver a shortening pattern to the LDPC decoder 1240 depending on the 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.
When the LDPC decoder 1240 receives information on a length of the DVB-82 LDPC code
shortened by the shortening pattern determination/estimation unit 1220, it restores the
user-desired data from the received signals.

FIG. 13 illustrates a block diagram of a reception apparatus using an LDPC code to which
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shortening and puncturing are applied, according to an embodiment of the present invention,
More specifically, the reception apparatus iltustrated in 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.

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.

The LDPC decoder 1240 should have information about both shortening and puncturing to
perform decoding,

FI1G. 14 illustrates a flowchart of a reception operation of a reception apparatus according to
an embodiment of the present invention.

Referring to FIG. 14, a demodulator 1230 receives and demodulates a shortened LDPC
codeword in step 1401. In step 1403, a shortening pattern determination/estimation unit
1220 determines or estimates shortening/puncturing patterns from the demodulated signal.
The shortening pattern determination/estimation unit 1220 determines in step 1405 whether
there are any shortened or punctured bits. If there are no shortened or punctured bits, an
LDPC decoder 1240 performs decoding in step 1411. However, if there are shortened or
punctured bits, the shortening pattern determination/estimation unit 1220 delivers position
information of the shortened/punctured bits to the LDPC decoder 1240 in step 1407.

In step 1409, based on the position information of the shortened/punctured bits, the LDPC
decoder 1240 determines that the probability that values of the shortened bits will be 0is 1,

and determines that the punctured bits are erased bits. Thereafter, the LDPC decoder 1240

in



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 nethod will now be descn{%;d bel ow. Assum ng that a codeword
| ength and an information | ength of an 'LDPC code are N2 and Ks,
respectively, that the invention desires to finally obtain fromthe DVB-S2
LDPC code,dhese 1 gademn Bﬁnk%ngpifﬂd information length are NI and 1(1,
respectively, using t orte nlng t echni que and the puncturlng t echni que,
and t hat ﬂ?f%gltlon aof NI1- \121 gd 1(1 C'lclh? % yen it is possjble
to generat'e the  LBEEEJHER] lcﬁg"a"”c | dvgtiredamdthy Hﬁ@FWﬂtﬁ%ﬁﬁﬂéﬁbth
of N2 and respectively shortenlng I C bits and puncturing (N-1{)
bits fr orﬁ“ﬁ TBSHG V“E’F}ébk’llhﬁ‘t ‘1“i<¥‘€lbéﬁodtbr1/eﬂlm¢|§k923dLDlﬂ@ arpidel variers elommgeninence,
when it is assuned that the puncturing technique is applied only to the
parity pdeim aHelctilssnay possilblierertwidtut depapumne tioni thg spirdti andfscope bhehe
parity part every (N1-KI)/(N-K) bits because the parity length is N-1(1.
However, preschousciatoness dpfimetbirthogppeatisdedsinas e al so available. FIG 10
illustrates a bl ock diagramof a transm ssion apparatus using a shortened
LDPC code according to an enbodi nent of the present invention. Referring to
FIG 10, a transm ssion apparatus includes a controller 1010, a shortening
pattern applier 1020, an LDPC code parity-check matrix extractor 1040, and
an LDPC encoder 1060. The LDPC code parity-check matri x extractor 1040
extracts an LDPC code parity-cheek matrix that has undergone shortening.
The LDPC code parity-cheek matri x can be extracted using a nenory, can be
given in the transm ssion apparatus, or can be generated in the
transm ssi on apparatus. In addition, the LDPC code parity-check matrix
extractor 1040 determ nes a transm ssion nodul ation schenme for a

transm ssion synbol, groups columms corresponding to an information word in
the parity-check matrix of the LDPC code into a plurality of colunm groups,
and orders the colum groups. The shortening pattern applier 1020

determ nes a range of an information word it desires to 30 obtain through
shorteni ng, and based on the range of the information word, perfornms colum
group- by-col utm group shortening on the colum groups in an order according
to a shortening pattern determ ned in consideration of the determ ned
nodul ati on scheme. The controller 1010 controls the shortening pattern
applier 1020 to determ ne a shortening pattern according to the
transm ssi on nodul ati on schene and the information |Iength, and the
shortening pattern applier 1020 inserts bits having a value of 0 in
positions corresponding to the shortened bits, or renoves col umms
corresponding to the shortened bits froma parity-check matri xof a given
LDPC code. The shortening pattern can be a shortening pattern stored in a
menory, generated using a sequence generator (not shown), or acquired using
a density evolution analysis algorithmfor a parity-check matrix and a
given information | ength. The LDPC encoder 1060 perfornms encodi ng based on
t he LDPC code shortened by the controller 1010 and the shortening pattern
applier 1020. FIG 11 illustrates a block diagramof a transm ssion
apparatus for a DVB-S2 LDPC code using both shortening andpuncturing. Mre
specifically, the transm ssion apparatus of FIG 11 also includes a
puncturing pattern applier 1180 when conpared to the transm ssion appar at us
of FIG 10. Referring to FIG 11, shortening is perfbrmed at an input
stage of the LDPC encoder 1060, and puncturing is perforned at an out put
stage of the LDPC encoder 1060. The puncturing pattern applier 1180 applies
puncturing to an output of the LDPC encoder 1060. The nethod of applying
puncturing has been described above in step 915 of FIG 9. FIG 12
illustrates a block diagramof a reception apparatus using an LDPC code to
whi ch shortening is applied, according to an enbodi nent of the present
invention. More specifically, FIG 12 illustrates an exanple of a reception
apparatus that receives a signal transmtted froma conmunicati on system
usi ng the shortened DVB-S2 LDPC code, and 31 recovers user-desired data
fromthe received signal when it detects a transm ssion nodul ati on schene
and a length of the shortened DVB-S2 LDPC code fromthe received Referring
to FIG 12, the reception apparatus includes a controller 1210, a
shortening pattern determ nation/estimation unit 1220, a denodul ator 1230,
and an LDPC decoder 1240. The denodul ator 1230 receives and denodul ates a
shortened LDPC codeword, and provi des the denodul ated signal to the
shortening pattern determ nation/estimation unit 1220 and the LDPC decoder
1240. The shortening pattern determ nation/estimtion unit 1220, under the
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CLAIMS:

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

dividing information bits into a plurality of bit groups;

determining a number of information bits to be shortened;

determining a number of bit groups to be shortened based on the determined number of
information bits to be shortened;

shortening information bits in the determined number of bit groups according to a
predetermined order; and

LDPC encoding the shortened information bits,

wherein the predetermined order is 18™ bit group, 17" bit group, 16™ bit group, 15™ bit group,
14" bit group, 13" bit group, 12" bit group, 11" bit group, 4™ bit group, 10™ bit group, 9" bit group, 8"
bit group, 7" bit group, 3" bit group, 2™ bit group, 1% bit group, 6™ bit group, 5" bit group, 19" bit
group, and O™ bit group, when a codeword length is 16200, the information bits is 7200, and a
modulation scheme is 16-Quadrature Amplitude Modulation (16-QAM).

2= The method of claim 1, further comprising:
determining a number of information bits to be obtained by shortening for determining the

number of information bits to be shortened.

3z The method of claim 1, comprising:

when a number of bits of each bit group is 360 and the information bits is 7200,

shortening all information bits in bit groups from 0™ bit group to (m-I )™ bit group in the
predetermined order; and

shortening (7200-K,-360m) information bits in m™ bit group in the predetermined order,

wherein, K, is a number of information bits to be obtained by shortening, (7200-K) is the

B { 7200- K, J
number of information bits to be shortened, and 360
4, A method for channel decoding using a Low-Density Parity-Check (LDPC) code, the method
comprising:

demodulating a received signal;

determining positions of shortened information bits; and

decoding the demodulated signal based on the determined positions of shortened information
bits,

wherein determining positions of shortened information bits comprises:

determining a number of information bits to be shortened; and

determining a number of bit groups to be shortened based on the determined number of

information bits to be shortened; and
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acquiring a predetermined order of bit groups,

wherein the predetermined order is 18" bit group, 17™ bit group, 16™ bit group, 15™ bit group,
14™ bit group, 13" bit group, 12" bit group, 11" bit group, 4™ bit group, 10" bit group, 9™ bit group, 8"
bit group, 7™ bit group, 3™ bit group, 2™ bit group, 1% bit group, 6™ bit group, 5™ bit group, 19" bit
group, and O™ bit group, when a codeword length is 16200, the information bits is 7200, and a
modulation scheme is 16-Quadrature Amplitude Modulation (16-QAM).

5. The method of claim 4, wherein determining position of shortened information bits further
comprising:
determining a number of information bits to be obtained by shortening for determining the

number of information bits to be shortened.

6. The method of claim 4, comprising:

when a number of bits of each bit group is 360 and the information bits is 7200,

determining that all information bits in bit groups from 0" bit group to (m-1)™ bit group in the
predetermined order is shortened; and

determining that (7200-K,-360m) information bits in m™ bit group in the predetermined order is
shortened,

wherein, K, is a number of information bits to be obtained by shortening, (7200-K) is the

B [7200—K2J
number of information bits to be shortened, and 360
7. An apparatus for channel encoding using a Low-Density Parity-Check (LDPC) code, the

apparatus comprising:

a parity-check matrix extractor arranged to divide information bits into a plurality of bit groups,
determine a number of information bits to be shortened, determine a number of bit groups to be
shortened based on the determined number of information bits to be shortened, and shorten information
bits in the determined number of bit groups according to a predetermined order; and

LDPC encoder arranged to LDPC encode the shortened information bits,

wherein the predetermined order is 18™ bit group, 17" bit group, 16™ bit group, 15" bit group,
14™ bit group, 13" bit group, 12" bit group, 11" bit group, 4" bit group, 10™ bit group, 9™ bit group, 8"
bit group, 7" bit group, 3™ bit group, 2™ bit group, 1% bit group, 6™ bit group, 5™ bit group, 19™ bit
group, and 0™ bit group, when a codeword length is 16200, the information bits is 7200, and a
modulation scheme is 16-Quadrature Amplitude Modulation (16-QAM).

8. The apparatus of claim 7, wherein the shortening pattern applier is configured to determine a
number of information bits to be obtained by shortening for determining the number of information bits

to be shortened.
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9. The apparatus of claim 7, further comprising means for, when a number of bits of each bit group
is 360 and the information bits is 7200, shortening all information bits in bit groups from 0™ bit group to
(m-1)" bit group in the predetermined order; and shortening (7200-K;-360m) information bits in m™ bit
group in the predetermined order,

wherein, K, is a number of information bits to be obtained by shortening, (7200-K3) is the
7200- K,
360

number of information bits to be shortened, and [

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

a demodulator arranged to demodulate a received signal;

a shortening pattern determiner arranged to determine positions of shortened information bits;
and

a decoder arranged to decode the demodulated signal based on the determined positions of
shortened information bits,

wherein the shortening pattern determiner determines the positions of shortened information bits
by:

determining a number of information bits to be shortened; and

determining a number of bit groups to be shortened based on the determined number of
information bits to be shortened; and

acquiring a predetermined order of bit groups,

wherein the predetermined order is 18" bit group, 17" bit group, 16™ bit group, 15" bit group,

1" bit group, 4™ bit group, 10™ bit group, 9™ bit group, 8"

14" bit group, 13" bit group, 12™ bit group, 1
bit group, 7™ bit group, 3® bit group, 2™ bit group, 1% bit group, 6™ bit group, 5" bit group, 19" bit
group, and 0™ bit group, when a codeword length is 16200, the information bits is 7200, and a

modulation scheme is 16-Quadrature Amplitude Modulation (16-QAM).

11. The apparatus of claim 10, wherein the shortening pattern applier is configured to determine a
number of information bits to be obtained by shortening for determining the number of information bits

to be shortened.

12. The apparatus of claim 10, further comprising means for, when a number of bits of each bit
group is 360 and the information bits is 7200, determining that all information bits in bit groups from o
bit group to (m-1)™ bit group in the predetermined order is shortened; and determining that (7200-K-
360m) information bits in 7™ bit group in the predetermined order is shortened,

wherein, K; is a number of information bits to be obtained by shortening, (7200-K3) is the
7200—K2J

number of information bits to be shortened, and { 360
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13. A method for channel encoding, substantially as herein described with reference to Figures 6 to

14 of the accompanying drawings.

14. A method for channel decoding, substantially as herein described with reference to Figures 6 to

14 of the accompanying drawings.

15. An apparatus for channel encoding, substantially as herein described with reference to Figures 6

to 14 of the accompanying drawings.

16. An apparatus for channel decoding, substantially as herein described with reference to Figures 6

to 14 of the accompanying drawings.



