Descri pti on METHOD AND APPARATUS FOR GHANNEL ENCCODI NG AND DECODI NG I N A
COVMUNI CATI ON SYSTEM USI NG LOW DENSI TY PARI TY- CHECK CODES Technical Field
Il The present invention relates to a comunicati on system using

Low Density Parity- Check (LDPC) codes. Mre particularly, the present
invention relates to a channel encodi ng/ decodi ng nmet hod and apparatus for
generating LDPC codes with vari oBescrmtmn I engths and code rates from an
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degrees of the variable nodes x, (202), X, (204), x; (206), x4 (208), x5 (210), X, (212), X,

(214), and % (216) are 4, 3, 3, 3, 2, 2, 2, and 2, respectively, and degrees of check

nodes 218, 220, 222, and 224 are 6, 5, 5, and 5, respectively. In addition, the numbers

of non-zero entries in the columns of the parity-check matrix H, of FIG. 1, which

correspond to the variable nodes in FIG. 2, coincide with their degrees 4, 3, 3, 3, 2, 2,

2, and 2, and the numbers of non-zero entries in the rows of the parity-check matrix H,

of FIG. 1, which correspond to the check nodes in FIG. 2, coincide with their degrees

6,5,5,and 3.

[11] In order to express degree distribution for the nodes of the LDPC code, a ratio of the




R=0 R(2) =1 R(3) =21,0,1.0 =0' R=13, 1C =13, 2,0=0, R(3,0)=lo, RZ =14.

[ 241Regarding the weight-1 position sequence for Oth columms in each colum
group, only the correspondi ng position sequences can be expressed as
follows for each colum group. For exanple: [25]012 [26]0 Il 13 [27]0 10
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exanpl e, S2 LDPC code vvlth NI "=16200, K1=10800, ML=360, and =15
under goes an encodifag+pf,ACessN FRps conveni ence, information bits having a

|l ength K, are repf@‘g}%‘z‘a‘s_ ’%ﬂj parity bits having a length (N1-K1) are
expressed as (pc, 5/ PN ) [32] Step 1. An LDPC encoder initializes
parity bits as follows;§33] Po = = = PO4 -K1-1 = 0 [34] Step2 The LDPC
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RO e R S T
parity-check rrdwqaﬁcs f[@stja"% B the LIPS r0d6 bgauB 4y cm@&rqmwh 8196 4297 2481
3369 3451 4620in6egaly 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.

[14} Next, with reference to FIG. 3, a description will be made of characteristics of a
parity-check matrix of a structured LDPC code applicable to the present invention.
FIG. 3 illustrates an LDPC code adopted as the standard technology in Digital Video
Broadcasting-Satellite transmission 2% generation(DVB-S2), which is one of the
European digital broadcasting standards.

[15] InFIG. 3, N, and X, denote a codeword length and an information length (or a length
of an information word) of an LDPC code, respectively, and (N,-K,) provides a parity
length. Further, integers M, and g are determined to satisfy g=(V-K,)/M,. Preferably, K
/M, should also be an integer. The parity-check matrix in FIG. 3 will be referred to
herein as a first parity-check matrix Hj, for convenience only.

[16] 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
'2', except for the last column having a degree '1'.

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

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

{19} Rule 2: First, positions of '1's in each 0* column in i column groups (where i=1,...X



[37] 412=0, 4=2048, Rg' = 1613, Cl) =1548, 40)=1286, R162=1460, R10)=3196,
24,80/ =4297, 490)=2481, R=3369, /T(104=3451, 4104=4620, 43)=2622. [38] The
LDPC encoder updates particular parity bits p, in accordance with Equation
(3), using the read information and the first information bit in. Herein, X

is avalue of R ,0) for k =1, 21 6 [3 Po = Po E P2084 = P2064 EBI | O,
Pl 613 = P1613 (Ib‘éi‘)eidete‘im‘?f’ﬂsﬁi‘é‘e‘&a%ﬁ&é’&igﬁ%‘é‘lm’?gﬁmi‘l‘%fﬁ%%@a‘?‘h 460 = P1460
4)i' P3196 = REh&6d by DPY pesitions PER®Y with 1 are assumed to be

EQ.R7. B3’

, positions

of rows with 1 are defined as shown in Equation (2), in a jt" row (where j=1,2,...,M)-1)
in an i column group.

[20]
R® =R®  +gmod(N, - K)),
k=1,2,-u,Df, i=1""’Kl/Ml’ j=1’""Ml _l
.......... )
f21] According to the above rules, it can be appreciated that degrees of columns

belonging to an i column group are all equal to D;. For a better understanding of a
structure of a DVB-S2 LDPC code that stores information on the parity-check matrix
according to the above rules, the following detailed example will be described.

[22] As a detailed example, for Ni=30, K|=15, M|=5, and g=3, three sequences for in-
formation on the positions of rows with 1 for O*columns in 3 column groups can be
expressed as follows. Herein, these sequences are called "weight-1 position

sequences.”

[23]

R =0, R =1, £ =2,
RY =0, R =11, R} =13,
R} =0, R{Y =10, R{Y =14.

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

[25] 012

[26] 01113

[27] 010 14.

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

information on the positions of rows with 1 in the i coluran group.
[29] It is possible to generate an LDPC code having the same concept as that of a DVB-
S2 LDPC code in FIG. 4, by forming a parity-check matrix using the information cor-



(13 10, P2481 = P2431 101 P3369 = P3369 e 101 P3451 = P345] 1o, P4620
P4620 83 P2622 = P2622 e

responding to the detailed example, and Rules 1 and 2.

[30] 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.

{31} In the following description, as a detailed example, a DVB-S2 LDPC code with N,
=16200, K,;=10800, M\=360, and g=15 undergoes an encoding process. For con-
venience, information bits having a length K| are represented as

Giosiprsig 1)
, and parity bits having a length (N,-K)) are expressed as

(Pos Dyseees pN,—-K]—l)

[32] Step 1: An LDPC encoder initializes parity bits as follows:

[33] .
Bh=p= =Py ga="

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

[35]

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

[37]

R =0, R =2048, B = 1613, Rl =1548, Rl =1286,
B =1460, RY =3196, Ry =4297, BT = 2481, Ry = 3369,
By =3451, R = 4620, Rl = 2622,

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

R(k)
for

k=12,..,13



(3) [40] In Equation (3), = P.9 to carms al so be expressed as px 4- Pr eta ,
and represents binary addition. [41] Step 3: The LDPC encoder first
determ nes a value of Equation (4) for the next 359 information bits in,

(where n¥l, 2,

360, = e
1o ][i§ .
(2). [44] Next,
(3) using the vaI “Ues

..., 359) after [42] Ix+ (in mdM)x gintod(N, -KI), Al =
,359 (4) [43] In Equation (4), xis a value of AT for k
Ino =gk §U.d bepzdap%gﬁmﬁi"iat PheETd:8.(4) is sinmlar to Equation

P e e b P PR D Ol T e, the Lope

encoder updat es BT f’&ﬂﬁ%q’spﬁ' N\%ﬁMP}ZwOZLIMO@M -K1) for in,. For
exanpl e, for nMEPued= Puse ©dy Pils =tthe RDPEaremdePiupdat es parity bits
1) (x+q) mocl (MK de@;,ned in Equation (5). 7 [45] Pis

=P1504, p2099=p2 é“é’elfmlvb

[40]

[41}

[42]

[43]

[44]

In Equation (3),
= p x e iO
can also be expressed as
p, <P, @,
,and

D

represents binary addition.
Step 3: The LDPC encoder first determines a value of Equation (4) for the next 359
information bits i,, (where m=1, 2, ..., 359) after i,

{x+(mmod M,)x g}mod(N, - K,), M,=360, m=12,.,359

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

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

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

Porrgymodti,-5,)

as defined in Equation (5).



P1563 = PI563P1301 = P1301 Cei 111 P1475 = P1475 P3211 P32I 111/ P431
P4312 E9 il P2496 = P2496 e 111 P3384 = P3384 (r) ill P3466 = P3466
P4635 = P4635 t | P2637 = P2637 e (5) [46] It is to be noted th

in Equation (5). The LDPC encoder perforns the above process for n¥

359, int
encoder r@%d
1,2,...,13)

[46]

(471

[48]

[49]
[50]

[51]

[52]

[53]

sanme manner as shown above. [47] Step 4: As in Step 2,

s | phermEdipn pf the |&;, vl;lasgng};m-mJeﬁ),osi tion sequence | (k

Pisss = Prsgs Dl Pragy = Pt @k Pugs = Pras ®i,
Pon=Ppu @i, pyp= Py i, Prygs = Pryos ® is
Pisss = Py @, pyygs = Pusss Dly Dygrs = Pass @ i,
Pasz1 = Paery @iy

It is to be noted that g=15 in Equation (5). The LDPC encoder performs the above
process for m=1, 2, ..., 359, in the same manner as shown above.

Step 4: As in Step 2, the LDPC encoder reads information of the 15 weight-1 position
sequence

RY (k=1,2,...,13)

for a 361+ information bit i3, and updates particular parity bits p,, where x is
R

. The LDPC encoder updates

Piesmmodss, yeqhmodqn,-k,y» M =361,362,....,719

by similarly applying Equation (4) to the next 359 information bits isg, i3z, «.vy 739
after .

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).

P=p,®p., i=12,.,N,~K -]

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

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

Technical Problem

In order to apply the LDPC code to the actual communication system, the LDPC
code should be designed to be suitable for the data rate required in the communication
system. Particularly, not only in an adaptive communication system employing Hybrid
Automatic Retransmission reQuest (HARQ) and Adaptive Modulation and Coding

2 =
e /
at g=15
1, 2,
t he LDPC



for a 361" information bit 460, and up@ates particular parity bits p" where
x is p(k) n2,0 . The LDPC encoder updates pfrnmbdnoxonodustz ro, m

=361, 362,....,719 by simlarly applying Equation (4) to the next 359
information bits i 361> 362> 1.5 1719 after i360. [48] Step 5: The LDPC
encoder repeats é§’} ps 2, 3, and 4 for all groups each having 360

i nformation bi td ‘?) ta]S? gmmpRigatiomsysteEhIBRRENNE Yap ays boadeaskserisses pari ty
bits using EqudﬂDRQ]CO(d&)haVIn5®§lnouecod&wor(i&)ng015ar]a nddded panppoyt vhatidus dith rands

Equation (6) arRcddin tothdysembdiptredide conpl eter under gone LDPC encodi ng.
[52] As d rib v é}@ i€ he rocess of
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communi cat i on suaieemfofaaﬁétada%@wm"{g%n&@ wdewrd%h %’d’%&r}éﬁx fmuni cat i on

system enpl oyi d Sl on and

Adapt i ve Modul ggndl_% ﬁ]&déﬂﬁqﬁ O%tg iyﬁfﬁ)ﬁ)ap aﬂ&’l‘gﬂ’e W‘Fﬂhl cation system
supporting var|t@a§mb%1%sdéatsba\§@rswag@§undt@® thodasls bibils igpevdedifous codewor d
lengths are neededmtssﬁ.bnsm@@ﬁalhgwﬂérhﬁ&t&n Hawévef, @é&ﬁsc%ﬁ@cmﬁbd‘ﬁdmdo% system

Lo . Ll othe SR31 BORC A0 Wb RSl L

DVB- S2 system has onl X Té@es of.

use, and each t*¢PessP ‘W&d Ergdes. eguncs deras ‘ﬂﬁ’FPPWG@rS@ﬂWéh@Ckp@ﬁmWf% treck
matri x. For thepetiveasensd lanpis of theLPC anlg nfag kddusrandnirneftibiend het @a a
met hod for suppRéd foPgsckarhd &B%l&&@%nﬂa P&ﬁﬁgvahgﬂd J&%M&@% %ﬁéﬁé}ﬁh}a' ity

and flexibility, Particu sfem
transnission ofe 5aemts}h"§\Pxﬂ 4:W%C\l/(e?aéffx’ @“‘t"g af‘ﬁ‘ﬁﬂ?&ﬁ&%"%fmﬁixt s is needed
for transm ssi ofechi l@lwﬁmg i nformation. However, because only 16200 and
64800 aresmyai l qﬁg‘l'ﬁpéc@!if An%ﬂﬂ&hﬁﬂelﬁ' of %@ regg\{ %UW % &faqegs atrléla ]?e !absovgt still a

need for suppor t Sl nce

ripus codewvor
i ndependent parit npo"é’ﬁ é)ll? eﬁ’éf"?‘??(’é‘ésa‘ilv&f’tageég foPr %ﬂe@b‘aewm ‘faE'ﬁéetshs of the
LDPC code may rdéﬁfﬂb‘ei hetonp Agcasdifgly iap aspyst of the pesdnsingentieit t6 provide scheme

capabl e of eff lcﬁgmehbbdﬁigm@&fdiﬂg%thbﬁE\h&d{)ﬁaﬁﬁgﬂiﬂg&ﬂrahﬁ@%ﬁxsa g‘ps;earrlnﬂplk@e gi ven
existing parity;: esigning an ar check matri x.
Techni cal  Sol ut ?ongﬂ E%i kgdemmw#%%f“‘%one‘eo SresuipE Sionbrins ?Jypé}g%‘m & nventi on
is to address é‘FteT“@é@tbytcﬁ’e“d&BBS/’@quﬁﬁ aRslatip pisicempupintiop systimssingant ages
and to provi del@POwdst the advant ages descri bed bel ow. Accordingly, an

aspect of [s¢he prawest asb&V%'e%odxl%eﬁtg ﬁlE B%kéﬁ?xn@enﬁm%%% gé; 2dap gg(éogl gg

met hod and apparcatus for g ? g}ﬁven

with a differestOSBHSHEHTE ﬁt‘f EH@“’% bet: feﬁ'ﬁgBP‘"’EﬂﬁH‘EffW?'}’fﬁ @Bt er ni ned
by consi deri ngsﬁf’ﬁ’h’» %S2ﬁﬁmmrem|a@nmmmaat@ommmm®qog¢sem usi ng LDPC
codes. [ 5B]1 Anotlhvéfrcordaee efithofe apeceﬂﬁlmbrmﬁttm@fmgnh@mgﬂhs@gpgndoamgglt| onis to

provi de a chan@ﬂnnarypgguug-gé Ky Eg?ﬂ il [4Rcd Rhpyalant ee| N9
ti mal f é’ Briag? Lo wbiepsly R “Chieck (hre codp

gss!tg% uge:}gorl_rrancequgﬂhsé 5 r}ﬁg‘]‘ilf‘d&%@éﬁ“a’é‘ﬁ@ér'\lﬁﬁ%?ﬁOéﬁ%f“hblfﬁefew%?m{lm present

i nvention, a mndiviving tfl@pdmanlmtmt predeterminedhinetvalspand deenmining 6 adrmigsn oSy st em usi ng

a Low Density PBactdrivip g}ﬁﬁfﬁd W hre G el o Wn@t\ﬂhﬁ?@*ﬁmﬂ_ e p Et@rﬂ'%h gng;lrjldtefl

bi ts at pr adet SYHV g taPEhs Ahodiin <HemE BEiihigE Rositnns 9 cturi ng
parity bits, V\mfﬁhb‘&‘rcérfsﬁﬂbjﬂb@ﬁ‘ééhetdetcmmitﬂymbﬁg)fwetphnqwrtdgeawédewelnm ned
i nterval s; det ﬂfemsrddbtﬂr@medriﬁldtvhlﬁhdc&fdmgwmmodﬂﬁtcﬂrséﬂeﬂieﬁgpdaﬁaiyt ' Ons of

puncturing par F&%nﬂin%?u&ﬂfr{]g%ﬁgﬁﬂhﬁgééﬂ}t} a1y cgﬁ%f%rﬂ?énéﬁ hle'éetermme . the

puncturing par erm ne according to the
modul ati on schBEON; gthep r‘é‘jéfe?mﬂﬁdr’f’ FYfsrrgd Hameiting TRpaedimercartiforghpari ty
bi t s corr esponpinstyreddits heodeatzae tie medulpamistheors at t he predet er m ned
intervals; and transmtting remaining bits except for the punctured bits
according to the nodul ati on schene.




9 [58] In accordance with anot her aspegt of the present invention, an
apparatus for encoding a channel in a comunication system using a

Low Density Parity-Check (LDPC) code is provided. The apparatus includes a
puncturing pattern applier for determ ning a nunber of parity bits for
puncturin di vidi ng .t he rity bits redeterm ned intervals,

det er ni ni &a] a n&Wé&dW‘a Hﬁﬁé‘f%‘ﬁ ﬁ%’eﬁﬁﬁ‘? E‘CW‘E@YBW’EW%’@%&%FW@H to
punct uring wi t Bichanp¢]én peaseinyniqationrysiem nsing a/bove-Denkity anty(hack GDRCGYeddat i on
schene, det er MisHré\gdedOBtielapSiidusIhclBieds biichuilgy Pakintappiidh Ft deeitigiappnding to

t he determ ned . n ri parpity.bits wthin.the

pr edet er ni ned Pﬁ?ggr??g %Ba%gg?rg’y r]f%&rbl' & ({fﬂglg%ﬁg%{rg?:bg%at.gﬁeﬂ%ﬁ@fme A dheat edl y

per f or i ng punE?_tEf?‘}‘W@g bﬁ"%ﬁ%ﬁﬂ?ﬁ?%@‘g@’a‘?tﬁ@% Bibich aespbiedsysonamering t he

det erm ned posmithipnis @edetehmingt iedataB) detensiting Atnidvialicn scidhet, detéringiiizmi tter for

rodul at i on Schomid 8 “Q?tﬁ‘%ag?ﬁﬁ‘?’gi‘%ﬁﬂe#aﬁ“? WS i etlindt hERREGERE 19 L0, L 0°

present invent P‘b’f‘?,ﬁlﬁhg %B‘Ef Yigyn %B’S&t ingd ccqreing, to 3igh | on

syst em usi ng asihgme-DehipeajediarcrfoyniGhporuiiBR@uiCwiE tastybitovirdsgndige net hod

:Aﬂc![ Edest ﬂermdtdtaé 8di@mine8 b&tiins ﬁtrtlﬂﬂﬁ’e%ﬂefe%ﬁﬁedfihl@%ﬁ; atng@'ﬁﬁggrﬂi&f"fér det erlm ni ng
ether there gre L | in.the denodul at ed. si gnal ;

det er i ni ng pogl5 ;‘Slmgtﬁgg %&g@ﬁg bg%%x@ lfl?oé © gécﬁrg/@%#stagc%@n%@ﬁeﬂ? uﬁ’&‘”g _

i nfor mati on ab&HEMg puncturing pattern when there are punctured parity

bits; andb8kcodlmascetdange with fitherrgothersipertof the pfeserh énvetivof aunehoddar i ty bits.

The i nf or mat i ogecoliagh cﬁaﬁ@clﬂiﬁ%ﬂnﬁ%&%ﬁ&&ﬁ ik WCLMHABEnsRy PG CHEKNY pattern

obt ai ned by copshsisl ] \l chene det er m ned the transmtter.

[60] In accor dg“?céet%wb{%s ?rﬁﬁ?%&éjirga'ﬁ]%ﬁ%é}lc Yes dat OdBFH}P%%S‘W&W‘“Fi%'HH on, an
apparat us for #ERWSHTER daternining shethe thercaspeny peeeredparisybitsdmibasieng a

Low Densi ty Pamotylat@hagril; dsBiRG)ing pdizionsof fe@uhdedd paHiebitpyataiagg iimcl udes a
denodul at or fOforgg{gﬁq%@g?muﬁgrgbﬂg@lw&ﬁmggr%@?ﬁ%?%ﬁtgb&&g};ﬁsm tter; a

puncturing pat ?eegﬁmeggtl m ogef termnin ] 1er e are an% o
punctured pari £y DIt U ISR RESYBEAN 85"%‘1%41%?1‘ ity bifidThedefermtion #9posi ti ons
of the punct ur 8@ Ppturing pfternsinglydes ¢ pineturing paiien abtairgt bp noraidedrig 2a punct uri ng
gat tern whe?ht hemqta,pecmmea&tbﬁmbdwﬂtewndgii&ég _ ?ndbat dec$ger _f or detC_odi ng
ata usi e ) e ur ar i its. e informtion
about thgg %]unct%?%%%h%g‘??g%%&?%@ %{gegésps‘%ﬁ&ﬁ'&f’ﬁ?‘ry“ﬁg’v PP AP e d by
consi dering a H58%r&s FioAned InfeemrmaicionsyReamn g oW PemityPariteEheck61] Ot her
aspects, advantlAPES codrrigiprevitiideThe dppaituy indudeb a deBodulive férideModildting Becone
appar ent {0 t Nag) @leib@d b edfoodlidr,  SABalith o QHRG f%‘?%é}n'ﬁﬁﬂés

description, waich .taken in conjunction, annexe raw n

di scl oses enbo‘g%’%%dﬁfhgrco © 1“%8“?%%#‘3@“ R\c%%ﬁlﬁ‘%?&léléﬁg sigpal.apd deterguiriingrp o
enbodi ment s of PaskienRfakeamnctimad parity bits by astingéinginirmationsbpa apenlrdPC code with
a different ¥ ogheraarwheh ei@lake fayictaRl patﬂquitfsga@ﬁ%ﬁha@ngoﬁi&&&ﬂhgﬁmr&gQﬂerm nee.
using in- ] . V= ck matrix in.the communication
system t hat us%dfsiﬁfﬁsé f‘_?l{(;ér g?ﬁﬁ%g%%lggweéﬁ CLL bc?(l)‘}cfé%_‘.’u"é{;‘f'gg paﬁ@?pri ption of
Drawi ngs [ 63] Hfibdespaueetuing pafierqbtaned by considering a rpedilagingischerpedateagingd of

certai n exenpltrtpe ambwitienent s of the present invention will be nore

appar ent [6nom ! O @hdoRMAEEES ahd AlilPRARESFHL vERih WAFbdcBRe ittt he

=

acconpanyi ng dr.aw n .n,which: Fl ustrates an. e e of a
parity-check g‘ﬁ'?}of?&g{‘e d ﬁhg%ﬁmé}[eﬁé}g@l@m}le% E§rAEPE Which; fakeRdp cof-es a
Tanner graph fiBeetign pih the porepeddrawings, dizclests entodingnty-o8the DFEntnde; [66] FIG 3
illustrates a AltantagkéiiEfeeg: [67] FIG 4 illustrates an exanple of a
parity-cgﬁzjk ma,g{eix o$, a DVB-S2 LDPC code; [68] (a) of FIG 5 illustrates a
si gnal colst el | HEiCBROYIBENTRidhe PrEDY imtentns s seperals asermraje ERPC cefeitiacat i on
system [69] (differert cede@orderigit hysiptimizig eacaginghiatodingpsif@inandeivsing fior | 6- QAM
nodul ation usetin a digital communication systemy [70] (c) of FIG 5
illustrates a signal constellation for 64-QAM nodul ation used in a digital
comuni cation system [71] FIG 6 is a block diagramof a transceiver in a
comuni cati on systemusing an LDPC code; [72] FIG 7 illustrates an exanple
where random puncturing is applied to the LDPC code of FIG 4; [73] FIG 8
illustrates anot her examl e where non-random bpuncturina is annlied to t he



[75] FIG 10 illustrates another exanpbe of a parity-check matrix of a
DVB- S2 LDPC code; [76] FIG 11 illustrates an exanple of a puncturing
pattern determ ned by considering BPSK or QPSK transm ssion in the LDPC
code of FIG 10; [77] FIG 12 illustrates an exanple of a puncturing
pattern deter mﬁn by conpsi deri glge 16- QAM transm ssion in the LDPC code of
FIG 10; [78] H@atopynageivaa pay- C‘éwarél%érhtbr EPTBTUTACa et thiy s thigdr n
det er mi ned by ewaghetlatipmar@dIBMotesansm ssion in the LDPC code of FIG 10;
[79] FIG 14 |Braefﬂ)¢guﬁbﬁbhdflnmhﬁ%gr ng a nethod for generating an LDPC
h f

code wt di f arity-check matrix of a
stored L %codfgﬁe B?ﬁ%ﬁg‘efﬁp%f‘ E‘?Eif‘ ‘Y&eﬁﬁégﬁ“e%@aﬁn%ntron [ 80]

FIG 15 is a memqftheIHf@sntrlmmm vl be IPDRE appoatifrong thegblidng de-a r ecepti on
appar at us accomipﬁ@atmnanccﬂjmawnmmtm&%c&nﬁﬁnﬁﬁge&%gd memed.on; 11 [81]FIG

éﬁni:ts u?e%/%%r:]ort ed%@%esaanc?g‘%ﬂpﬁ%ﬁa '398’ ? Q&gﬁrﬁa%té’i@@gfrﬁgﬁ EBFCP?F(? pr esent

i nventio and #itiugiratgsa Tagner ggpb £t 2 @peityebesk srtrix of e despthi 8dDRMendeat us
using a riéﬁr]cturé’tﬁ%mxstmened)mrumd:eodmcor di ng to an enbodi ment of the

present ipyenti pm_4[ﬂ§§,]ratg'ry;,g t%f ?EDQF%\@ ng reference
nuner al s %]II b )up&&ri@ood to refer emen ures and
st ruct ur % P UpERRS AcieBd °f‘§£?ﬁa"?ﬁ ‘Wéf‘“&%gﬁ?ﬁ it diginl wi t h

reference to tWﬁ%@PHng drawings is provided to assist in a
conpr eher[§¥lve u(ef HGaRiiungtefa s@ﬁmdrsrmmoﬁ f&f 1 stheM e RtIbPR e def | ned by

the claims andgLRGLEmRAHLY; Q’J'S'E{B'?’ i ncludes various specific details to
these are to be regarded as nerely

assi st hat

exenpl ar 376]ACCOESP%E'§/? a gigngd constsBatipn Saci6rHQAM maduladenused injla r ecogni ze
t hat various cﬂlawge@nmmdcatrmdsyfsuematr ons of the enbodi neng-described herein
can be AR Wit R ileftedldiadtind &rQRahdiee GORCHAthicABAT ibiolushy 1BMEN! | ON.
I n addition, d@% riptions o known functions and~“constr Ions are
omtted for cl arr’t¥ and conci seness. [85] The terns and words used in the
f ol | owi nd”Hescr Fist V dhsieaies ap example wheee rudon punttndag is epriiedtoshdLDRGcaiphi cal
nmeani ngs, but,off@.4yerely used by the inventor to enable a cl ear and

consi st ens) undeﬁﬁi @'ﬂﬂ;k g‘fﬁmﬂé}%xd lﬁeha@m r%ld%%&qllp u},%gls EPé’é‘ CPHOFS % on Of

appar ent to thﬁ?ﬁ%s

enbodi nent s of 1nventi on are provided for illustration purpose
only and [/t foFIG ﬂdlugmtqg@s@h@fexdmgin Whengadnhendomvpandtin@iy ifgpplled doied by t he
appended cl ai nrstmgdebemc equr val ent s. [86] It is to be understood that the

si ngul ar . t he' cl ude ura ferents unless the
cont ext cfﬁarl yng;f cql”? él:sate(sz') otam ’%ag’plefﬁﬁga““f Bl%déﬁ‘é'ﬁ‘ﬁlo aDVE-3 e to "a
conponent sur f®E8" i ncl udes reference to one or nore of such surfaces. [87]
Rel i abi | i1} di fFIS Enitiestiates i glampledes puidRlHh@patenm délethinéd BySdondi@ridgscr i bed

before a descrBimi QM dSnBlicif e LB Qg At ent [ on shoul d be paid in

desrgnrn AN LIII)E§ ri)ﬂ because re |I|t|es 0 |’ts constituting
hi gh- or d m)dul t o EirhH ?‘a‘al’éoﬁ? PUnEiging PajiFre detmmypcddurepsidesiaail at i on i s
used in the c ofriMcmningssionyis the BIDPEguderaf F§G.LUDPC codes wi t h various codeword

Shi Tt Koyl ng. (HHSD o et bbfl SR ReRER donil e cb S‘%P@%y o der
to explain the r@@l tlsb?iﬁsf"%é%ncfin &Fi‘ﬁgﬁé’g e(ﬁ%d torder nodul ation,

i
descri pt i[&lr of HPgltdsa @?)‘V@‘F'é Kljustrating 8 metipd fon aehertiog & LPPC degdethMbdul ation
(QAM) whi ch i Sliffirgineaiewan lemptitoat 4 chamsmﬂwx UELHork AL DPOBMRIa6RkdiR SYSt ens

wi Il be providgg, ,ﬁ, @AM gl consists of a real part and an
i i ng - r%édgﬂatr on s nbol s be generated by

i magi nar art

differ en¥8|0£t| nd" df%ﬂ%@*%ﬂ&staﬂgﬁgn ToPPG frspdling eafrvm«beratrsceaw i magi nary
parts. QAM wi |aPpamsusdesedindbiodn embatitet ofvh¢ pre@SKvenmiolyl at i on t o consi der the
details of QAM characteristics.



12 [89] (a) of FIG 5 illustrates a siignal constellation for general QPSK
nodul ation. [90] Referring to (a) of FIG 5, yo determnes a sign of a real
part while y, determines a sign of an imaginary part. That is, a sign of
the real part is plus (+) for y0=0, and mnus (-) for y=1l. Also a sign of
thelmagi s plu +) faor y1=Q,  and m nus Si nce yo
oy ar GRS aFag: 16 Pk dagtar oo sishppareey ot s dvargie

i ndi catl on bi t ¥DPR&pdd agefirding © an empedimeng of the presenbifivantiensaedil part and the

i magi nar y[8ghr t , Fi@|1i7abd Blodkidegraof of @ Yereptith apitirdtss using b @sipomel/shgridned one

midzl a: Ih on si gpAPCAbE a%&h'@hé%ah@ﬂ%én oftPQ @%nmq?&l ati on. Eo[ yagand
y e..S£econ I ndi cat e ou of bits
constitut ES?IE %B@H%ﬂl thg‘thﬁv’é‘ﬁ%ﬁ'e%f ay§ r %?’e‘?gf’ @mg E‘%"t‘?”&?‘é‘g"daf"m gnal
constel |l ation f@tﬁfft‘g@nmel%n@mtmmﬁatruM% [92] Referring to (b) of FIG

5, the meani ngNpédd Bor théTnveéntion Y3) . corresponding to bits of one
m)dulatlo |gng_kl y as follows. Bits yo and y2 determne a sign and a
¢ o PP

magni t ud & figscrintion yith gqfrency to %?qcemmnwg Jrawineg ispsoviieder ni ne a
si gn and a nmg#hiassistan ofontprehensivegndrastanding of emisodsactdf teliywentian aptidfimed wor ds,

yo and y, det ebﬂh@@laﬁhsﬁnﬂ& th@i‘r ﬁdﬂ@n&:%% ineRAds ﬁﬂ@lls'sﬂ&mcm@{aﬁs daagsist Rt he
nodul ati on si g]r}&ie rea art

3 determ ne udes p
and i magi nary par {Sta\l’l\%ﬂ% ﬁ?at e(ﬁﬁ? ?ﬁeéﬁwéﬁﬁemﬁégeﬁfi@ (:ﬁcg?ff‘ﬁélﬁ’. oAy a sign
of a nodul at edosingryzskill is the 4 wilf repognize giat Yarigupdhatgengndamodifipations ¢bthof t he
rmdgl gt Fd Si g[ll_ahbodylﬁerﬁfﬂdscyﬁe(ﬂfe&ald‘ld:'@ibemﬂé WjthoyiOdepatingy from ﬂ)e@édp@ﬁn&f{‘aﬁw rence
proa| ity. i G ilities
(i.e reliabil Pﬁflgién%r%? r;il;ﬁ cfdgfoqsdcgéng{?&ﬂ oﬂvélﬂ(%%?gﬁcrug& and B&tﬁp&?ons, vl y2,
y3) constl tuti figoR H’Iaﬁflf"a’ﬁ‘s e@Sﬂal unI i ke those of a QPSK nodul ati on
signal, H&de di ﬂ‘h@icemand whoida bsel jirt meﬁﬂlo{vﬁng]dedcnptﬂoﬁ-amlmdtd mat fimited tanong t he

4 bits constitthe bi&oé&aﬁﬁcﬁﬂﬂéamn%s lBhtt §re %W WLy tﬁb gﬂént&‘fto Erﬂﬁle a%f%hr zﬂ@{ t and
det er m ne

I magl nar art n

magﬁl tu dgspof %cﬁ'x lstglm%ln&:rg mt%m§ op CFPBYemlﬁ)g.T cBrng'glyoF slacw aawzécfm oﬁ)ﬁjg orders
of (yo, vyi, yzs‘ﬂl}esl)mﬁ'ﬁart that e @llewmé emnmop oferabodimgnisf thepraséraimyentiop 94] ( c)

of FIG 5 illustpaiikdfor tiugnsbn pepst ehly aid @0 fdr @e padsy Elinfrity@¥M nodul at i on.
[95] OF (YO, VYinventién aé’&ﬁneﬁ‘}yy ﬁQc{ 51@&99%&%@%&&? bits of one

nodul at i itude and a sign of

SI gn ”, R L)
the real O[B%th Er\%“’?}'F ““‘iﬁ{‘“’ﬁﬂﬁ‘ Eg W IATRE A RRg ARG lﬁ'EFe inchide glugdd gn of t he
i magi nary part refepgntscunlegpiheeraitept cl@dvdrcmenethswgnsﬂufs fohexamele) refesente tand t he

i magi nary part ja cofppeat sudedey inclRidt réfeeRiEtd Hildr Harelft such saitsbes/ 4and a

conbi natl of n des. nd t he
i magi nar y@f)}art K%egﬂlg' %[ﬁe'g‘ﬁ%%rlﬁ%h Groda "%gsu fgtj ‘gﬂ%ﬁt"ﬁgmﬁ?‘&ﬂ%’g em)dul at ed
signal are eas‘f"é‘P‘“{r‘Iﬁl‘Pecﬂ’F@?ﬂt H’qent@m&t&nmgehmﬂ berign designivganiIRRCG¢ds i gnal |

reliabilities lxkausoredinilides otisis chisglueng hiftaordeahddabiiba iylnib‘fals(afe dxtfereny 3, Y4, and

ys. The bits yghéfhorad: S i tude of
t he nodul at ed S nbol ¥a8:‘%;z§%§{nq§0§k€@m%§& a@&s DI t§E§ and y5 are

det er ni ned accH ord lﬁlﬁih ke HIE%“B‘?‘“‘P‘I‘F@“W&P'&F@H‘%‘?%OI is
cl oser to 4 orondy Ringiy Phase Shiftdkeythgt(BRYKO ob Quedanre Pbase ShifcitayinggQBSKY 8 with 6

cent er ed [8$1er e mememxpmﬁu&relaabﬂ@mﬁeﬂeﬁbemmgmoideﬁnm%bﬁ Wdeschiptigdet er m ned

g % dy§ 3a2?ey‘;’: ;%f%{gnWEbll)s?ellgt ornggwgﬁggcﬂgture]}\?ﬁl gi%u%ra i)po%ul%ﬁls ion @éﬁ\a \Q‘g?ha rhleg;u' L, ZZ
yz=y3> y4=y5 i der gpofl a'dﬁ" CREeBlY ugkd 1p ERIPEGRERN iyptsmamll berprexddedi A e,
re-liabilitiesQAMFmodulatddisymbol cQf]stslofia G4} RMndwlimaginagpart @hd VAiiRud bits
constituting ansduiiiih syn%oﬁ'n{e@ bd gén@i:amd 'B? dﬁ’feﬂa’ﬂﬁatﬂg ngigﬁmrdgsa%d Q%]Bst of%g'

i magi nary par f gni t udes
of the real pef?@pﬁrﬁc?“flﬁﬁ%ﬂ‘?ﬁ'r%?“bgﬁ 8‘?1 g%%s“sri{’éﬁﬁ’ﬁet %é‘E‘BrQ})SKdT"iF‘“ aB?’Uers of
(ye, Y/, yz, 398gmsidar thydetailanfiQAM dhbractorfisticnch bit are subject to change.

Al so, in a si gnal constellation of 256-QAM or higher, the roles and
reliabilities of bits constituting a nodul ation signal are different as
descri bed above. A detailed description thereof will be omtted. [97]
Therefore, the present invention provides a nethod and apparatus for
supporting LDPC codes with various codeword | engths suitable for high-order
modul ation usina a naritv-check matrix of a structured | DPC code in a

QQ

=s]
@5_




[ 101] In accordance with an enbodi nentj;of the present invention, a method
of acquiring 14 various codeword |engths froma given LDPC code uses
shortening or puncturing. The term "puncturing” as used herein indicates a
met hod that does not transmt a specified part of an LDPC codeword after

generatin he 0 rd froma given particul ar parity-check matrix by
per f or m n‘§91£ DPCI(QSEgg@ gg\.{\'gi'—ﬁ??@é’,gnﬁ cppsiediption forgeperal QEREsmedplition.n e
non- t r ansi¥Pl t ed Rieferingue (@ ofdflGis® oo defeh@ips Fogn of abyetl pat whitede dettranits ag  of t he
T L, 3, it el el e e b o = 1
W e r in. et al , OW. _Regardin e

parity-check S ?O?Q ‘éfg‘?‘ﬁié‘gﬁgﬁf@i“ﬂ%&&’yé’sgésﬁﬁrﬁ([ﬁg_°F I ’cfggﬁmﬁls%)h’é?‘ its
total |ength i S§1Niocexaandy yrednal in erpreocrustease Ryolsbility astthey e sigarindisptiohe c k
mat ri x cor r espbitcthatdndicafeqespedivosigdsiof tae &I part and thé Iishgidary par@RtlatiRiesans i n t he
remai ni ng rear Ybi I A= (N - Wiy Dits. ]
Cenerally, t he;’ﬁ;’é{‘%‘ﬁ?ﬁ?@ﬁ@f E‘%‘Q‘SSE’P ?‘é‘%“tsy‘%%a?%&;ﬁﬂy‘?{’Rp%aﬁ'?fé"t ‘T{Z%%ébi ts and
the parity bit¥?° T‘tf%o% M f spscripy Inderea wdigptesat wpuEShbitnl y r educe
codewor d | engt kenstitutieg aouedsdation signal.unl i ke t he shortening, described herein
?bove_, dﬁeﬂ n?t B)iohF1G. § a!_ldd@a&esgfsigaélrc}aﬁs@éah@dnMgetﬁqralﬁféfbt)@mﬁéddfah&?_ i s @ met h?d

or sinp ot n lcular ipformation bits or particular parts
of genera %f(; pa?zfﬂt%g-_ﬁlg‘ité @)5 o&)[a?%é‘l{e ’%‘fa?’g%&n&’éy NG ’echgsgo?q?l'?sg tgglrtsr‘g%%ndi ng
bits. In other MR8plefion sighalgip ayfollowseBits Yoand yri determpine bsigmandp magniprde gbthe ned

posi tions in aregkperipecivelynghile-tiid i DRTycatiembe d sigh Bed Puiiicide dTghecan obt ai n
the same effecimamalyiak, LQHEGIVEGAn %bﬁexé\ﬁf@rﬁé?} Jn:d' 2%@%&%@%{'#@&8&' bPC

codevvord. Becau e (:lol ums f(i r r?e#qun I ng‘l 0. ured in_the
parity-check nBlREBFLPULT .]E)FSIE ufagiprygignal. while ypang i detrping pagnitudagiof 1y  he
col unms  er asedtherbpasiand imaginagy rag ofiths modulatidnrsigmelt Berasse distieguishigg a sign
11051Further, bfcacdubtdaQpohliosibnthal (b Q il miiRuRWp e WAt S can be
shared or esti £ Mﬁf%ﬁ\%ﬂer%an hgndt ransmtter and q)el recel %/er .When the
systemis set Up, ‘the receiver nay’nerely ef asa ¢7ares f&%g‘g‘ﬁ‘a %y bunct ur ed
bits, before dEEBRIRG-cra@surERceprrbabilitiesiiur refigpiliteshofitephits, soaeamse» a | engt h
of a codeword Thatis, bibseyd yiansyy) dongituting @AM ynddilagssidngl, ufikNiioMbfand a | ength
of an i nf or mat QPSK WRkEladch sEARSHAO kel elidbifeSOde Tate becomes KI/(N3-N),
whi ch i s glways, gr g@l‘&@r ‘%@%ﬁ the fi hs% given code rate KJ [107] A
description wi | 1T i0ow Hem GO e P‘g*rﬁ"ﬁsﬁ‘“l“ééhﬁ‘rgﬂﬁ}ez bits determpie sy i ng
t echni que sui t afidhereplgart pidinpgiparBpart G signdband TeegeMiBnSBitd dMBGeedhde, as
descri bed abovéeterintneataghitddés Fadecpati H@ iMaddfiy ptide sEhEIVEIKS Sdersiiier ef or e,
conpared with gyp ng%d &Bﬁ%f%%g%it a;ek&?b'g: B 82, DPC code is able to undergo
nore effi %ent gﬁ ﬁ rtening and_punc d_l’l ng- a'f¥08] Wth reference to FIG
4, a detdrtled d3eihl5e T UHstiRies p sigeal Gopgiellasion £orzeneeal SHHQAM modyptics.
[95] Of (Yo, Y1 Y2, ¥, ¥4, ¥s), corresponding to the bits of one modulation signal, bits yy, v.

and y, determine a magnitude and a sign of the real part, and y,, y; and ysdetermine a

magnitude and a sign of the imaginary part. Here, y, and y, determine signs of the real

part and the imaginary part, respectively, and a combination of y,and y;anda com-

bination of y; and y; determine magnitudes of the real part and the imaginary part, re-

spectively. Because distinguishing signs of a modulated signal are easier than distin-

guishing magnitudes of the modulated signal, reliabilities of y, and y, are higher than

reliabilities of y, y3, ys,and ys. The bits y, and y; are determined depending on whether

a magnitude of the modulated symbol is greater or less than 4, and the bits y, and ysare

determined according to whether the magnitude of the modulated symbol is closer to 4

or 0 with 2 centered there between, or closer to 4 or 8 with 6 centered there between.

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



DVB- S2 LDPC code to which parity punctigring is applied. It is to be noted
that for the DVB-S2 LDPC code of FIG 4, N1=30, Kl=15, ML=5, and =3, and
wei ght-1 position sequences for Oth colums in three columm groups are as
follows: [109] 012 [110]0 11 13 [111] O 10 14 [112] An ith weight-1

posi tion sequence.in gn fth colu sequentially represents Jjnformation on
t he positions 5‘1‘3‘“%.?/65 VP HEE Y7 2807 ‘g’}ﬁfﬁ‘ﬁ%yﬁflﬂﬁd{"ﬂ?‘i@éﬁy-fm G 7

il lustrates ancecliyen.gotheyEyr>dats in tpunsef non-ertpr perugpnsk prliatiliies ie. teDPC code
of FIG 4. Becuuasmick)@dpaditkty bits punctured in FIG 7 are subjected to
erasure essi ;Epm r . ity bits.. ed with
t he ot helrofgﬁ](c:)n-elrhg%‘e |t§®%§9§’ Oﬁg{ea%}tg%ﬁtﬁﬁnﬁ é%é‘r?ié?sﬁ r‘ﬂ:'gmjgﬁgﬂrg%\%enent
effect in an LﬂQ@%Bﬁbﬂﬁh@an%é’gf’ﬂeﬂnﬂﬂbéfP’&bp‘?efitt?%er’é}@érease.
Consequent | y, wagnimti¢senf their¢ad pati and dhdginagyopanef thedighal. Adverdinghy bideredf (9ari ty

bits, which arg, Low yNys eld ABlclok tath bR Quiidkt fokhargl UG iffGERASG-1 N the

per f ormance i nprovene ct.in the decodi ng.process. The decrease in the
per f or nance i %?%ﬁ e .56%}4%(?%; ecf’ri%a@%ié’fﬁ&%ﬁf‘ﬁﬁ?@f? C‘H‘F‘ltgg%l[ directly
connect ed to t Fedyation signalar enh As depesi ¢. Agdetgilnd flaseripsian thereof Wiill4] | n
FIG 7, for exasphiteda Oth information bit corresponding to a Oth colum is
cor  esporting.t anacist, bl GreBpfik kG by dhncthia shilpond s 20 D01
it once, and KHPBERUES B MHIREs BRICBPE I8 UiBbA g Hg ok moRMoBORn | &
directly conneepeiiy-t:hrc_k metriyohie starceediANC gpdbinta gahiceler foinrds additienf thé s case,
the 3r,, Oth, §knBinfertibh HOWALS 28 ApfAtdni f6Y sBppotitfvaRbus cBdeWdfa 1BGEH OF mance

i nprovenent effect. i rder. in the decodin rocess. In other words, when
the degrees of ?ﬁcﬂréim\fg? ﬁ'ég?‘é‘%"a%‘}é‘z“%&w aecaﬁ’g%"g?)m@éﬁ’ie"&‘%a," & B4 f or mance
i nprovenent ef fidRartipalar ogg.cand a methad fon ponyeHing thetshree. dopandadasdhemuesentur ed bits
i ncreases. [ 11bivedtion prnidbea methddfor gehertlirg 2@ MDPCGode usid¥a patilyecheukma@i:s  Of
punctured pari by, bid,5.ppi AL L%f Lﬁ%ngétéflﬁﬁﬁd cdtld B E?ﬂp&n%é gﬁ&%ﬁﬂé’ ©
information bits,~ are random dus to the fandom puncturhh pattern.

Theref ore, thef%®;a0d3n pRPARNSMSEShi 1 ity that reliabilities of respective

i nformatil@Bl bi t EIG6li$ a blbskadidgeam afiedansceiiver iot henmwdcaisn syatein 1ing amEDPC

i nformation bit&emay gai n hi gher-than-needed decodi ng perfornmance, other

informati bi t ] ubdel sianificant perf nce, degr.adation. This
random pul(r%c uri %fﬁ%%’ ?cér ey %aéﬁlufsdflpél&ﬁ’s"i“&@%‘in&oqﬂf&lg B BR9SEHeht t he
reliabilities 60 tefue baiegrartmitteshiopirgcsiverp3pEeddPscineeslensld coerdes the 16] FIG 8
illustrates a mpatondsagxampd sutphiemhe entodedsBRAMQT P Hdailkb 618. Tik nifaplhioed to t he

LDPC code of  Fé{3 méttuiabdd e RERAEA G, h¥d radsihfed L Hﬂ&h&ffcf;s?é}ﬂ ﬁgﬁ:&g} i nftnulr:: gg

pattern in a partic r formis I In the exanp u

8. [117] Refer¥f# rgg‘?ﬂe@ Wg?‘“é\‘iﬁﬁg‘flﬁg‘g&def'}?éulﬁ'& 6311y theyecriser.638 tlsom

punct uring pat medulatesshe regeived pighal o, and hgpwotha denoduhuedisignalixao amifPCat i on bits
may be signifi gatder ¥33. ThEODP@Becabd 853iMiE ah Estiie Con- espondi ng puncturing
pattern. The non-random puncturing pattern of FIG 8 nmay be nore irregul ar
conpared with t¥e random puncturing pattern of FIG 7. [118] In case of the

LDPC code with Lty-check t.rix havi articular structure |ike the
DVB-S2 LDPC coda s e baked on e darg feeel¥ed idpeh B2 bisrieis efenelsed ® and ¢ he
parity bits puffcedipgte deeedplgicAgiged >t he puncturing pattern can be

si gni fithm@GJy CHigerigeRC er{c&d‘:%llTégﬁcramqﬂ#iwmc 0trik BRofdl ?t@ﬂ&od%ﬂ?ﬁﬁnti on )
suggest a punciAdih fbui I | es. or mance by
maxi mal | y supp&tgst s?ﬁ?@%g%icgﬂ%}%ﬂFatlpﬁ tgé:g'f ﬁst"??gteﬂggeﬁ%f %Eﬁ)ﬁl’ % ‘{]]ggﬂagﬂ&’ e

i nformation bi{E0eF ViHrnsabed ao@%e St ypyerdign.ithicL kG epopdar §11 may

charact eri sti csyppsitt tahieusPuve@Rd kMAG vsing ie LDPZOJod&Withoubthe kdpamternasdfer a t hi rd
exanpl e wher e faaftiohaASdRMiFsREisH 1 Ng is applied to the LDPC code.of Ha 4. In

Do

-t

t he exa of £l a .puncturi.ng pattern that maintajns_a constant
i nter valmik) I3 bﬂéta\%é)é%h%eu%lc e OCIBQ 'i"toga’ﬁipfe?“f rermiges m %(ﬂﬁ 298M8Be of the
constituent variables, is applied to the parity-check matrix illustrated in

FIG 4. As can be seen in FIG 9, each of the information bits is equally
and twi ce connected to the punctured bit. [121] The irregularity between
the punctured bits and information bits is remarkably reduced when the
interval between the nunctured naritv bhits is set accordina to t hhe val ue of



[ 125] For the DVB-S2 LDPC code, becausg degrees of variable nodes
corresponding to the entire information word are equal to each other in one
colum group, and one or less of '"I' is distributed in one row, when

g- periodic puncturing is applied, the information bits corresponding to one

col umtm group are. con eCt?gﬁ ﬁ sang n g?gr % S%) ctured bits. Therefore,
the connect i ons* 158t YEERt é‘g‘ﬁﬁ E?Gtgﬁ’anr! codedsTSPROTEE CRRIF LG, TPS  becone
regul ar, so th&rmSpuspiting asusge besein inglicorna nethes fhalcdoesindt transhi adpestidiing
process. [ 126] pAsofde EDPCROGEweRPIfier bdneratil); thELBPO taRivdidarbnt N@benf Or the DVB- S2
LDPC code, t hsrgg'ucul rrégﬁt? gﬁ&k Hlﬂgﬁtbglphx@‘g'gﬁ gtcl.lﬂpcqéﬁg?cﬁt?gge Cmtar r'ec?n\}er 4.0

per formance i nproyve se o0 STTUC
characteristic ”B‘F‘estth"é%\FB“'S?“S[‘Ei%@béﬁ)H@eeﬁé‘Wever to date, with regard to
the opti njl@Zdd pﬁuczthattcrmgdqnamdmgmfmbpmﬂcnedgmanmbcjmdmmgoﬂdm)‘q&sweri odi c
puncturing, OnLY)Ptlaé‘dernﬁ’@H!nE@mmad Wb R¥scfddlih %re%aéﬁbgﬁﬁq:SK are known.

[127] In iti i.odic p ere are_known

ot hods (HEE opfrirOue Prestskiest rafis B s PRSP ootk gt BIE 30r

codewor d | engt HS W?éhnﬁbﬁll\yﬂﬁgolwh@rmwlﬂglneparpofﬁhﬂmeﬂﬂnamle general LDPC
code. However, céirgmud & ihfoendtidaviis exi sting nethods of finding a

short eni ng/ punct uring pattern performthe optim zation process considering
only BPSK or QPgK:,.,.Qn y) one optim zed shortening/ puncturing pattern coul d
exi st for a given LDPC code. [128] However, the optim zed

punct uri ng/ shor1;amcmgmpammrammhmgtmphma&aspbmgbmgaie(w.-mgm@biwn is used
and a signal guztel l'ation{bit mapping (bit mapping on the signal

constel | ation) Hare Phas'been det er mi ned, may differ fromthat in BPSK or
QPSK nodul ation. [129] | n BPSK or QPSK rmdul ation, because reliabilities of
bits conz[ltlb‘hutl a. sy are equal, reliabilities of codeword bits are

al so equ B‘H'tSWBP%C"&F’Fé?PhF‘? to et hsiafrrmating bite andily rarity

punct uring, sobitshaleouglsthe punteridg binl thosieiteldug @mmalyl reducocndsedre tagths) t he

process of fingke pmachiaﬂg,slhmettﬁasheﬁéﬂgne&meﬂGeresatat,&rendoetmefmﬁﬁ amé’s%fdescri bed

above, in high ation suc M because
reliabilities 8;1?{{‘%%{ 'émsc%esqunftﬁ??%ﬁl age%ﬁﬂ%fﬂ%w "OHF?'%‘P é?ﬁpa%‘é’h

hi gh- or der rrodfﬂ“a‘tqoéﬁ“%@mu@rwﬂ@ pezendrgjerbpariouhies: solthag  regeivdyican mppl ng
scheme are det te norresghnding bital dther w@fds By soasiewandndaiiing bk ih WppreddRced odewor d

af ter appl i cat h@ioRl inaRolch Rl kRN, IBIRCLIELG, | ufg(gfﬁg[ E%Bt%atth .8 t hose

before applica ar, shorteni ni ustrates

|

anot her exanpl %#&8? Sohab ?’?‘351 gﬁi{“‘ﬁ'ﬁg? fepeBrNaVpRPE Fodeword. Beggase 18 [131) 1 n
FI G 10, N1=40¢olygnstorespandfig tathel bigsiinctoned intbé panity-dheplomattik are al @spdences f or
Ot h col uMms i Nintaédn & QbddBig BioBd4R) Svilitheddlunidk Sfa8HaL the PunbRikifle BlaRAS irbal | Ows:
[132] O 5 10 Zﬂe?lﬁngr]iﬁ)’ ] 7 15 26 [134] An jOi weight-1 position sequence in
an ith cal sequentially represents i nformation on the positions of rows
with I idl@a jtFotet ﬁ?ﬁusﬁ%ﬁ}ff?n ipforgmationfor the ppagipredbipsicay beiharedordegr ee of each
col urm  cor r es pofigamrdintcomtrios by the Stnstitten Y B¢ RUEver Vhdn tha@jriteﬁudwﬁle%eof each
col urm corr espeR@NePfhaf Bekﬂ%ra%@ﬁx@@%égﬁdnmﬁ? ]pgl{c(ﬂhl&i Bif l;éfqr 438& as to an

LDPC codj 61t]ts P f ormance Ir‘@ oyene s eX ) a decodi ng
process as X he GeYRNaguinElpchaigue, begape a length of a codemgr ‘thé‘?ﬁ'@&%"éﬂert hat

per f or mance gi &8sl )a‘rqné‘ﬂlt@éé’ommaﬂﬂtg@ of en nfgpetich woyd iscobdwamtly Kr, gte col umm
group woul d becod¢aebe@ines mmrz\g}i mahamay@fgmwaﬁh&eﬁeﬁfh gxoéntbe& AP [136]
Wth referencey to FIG 11, brief description wilt.now be made of a

punct uri Tgo,,gattern whi ch is sw tabl e when BPSK or QPSK nodul ation is
appl i ed 8% he 4 8periRtigaiNngmbemadeof a shostpriktephnique andd PURFINgL0. I n FIG 11,
yo and y, i nditcdhiguesitibl8fStke DMEI62 LDPC code0Tiad ¢BS90.0PClcode; atktdribed | Ng one

QPSK synbol . H@,e@;%,s axma@oa{e ha%g Etgahaf falu&lgé 'ﬁpﬂe{“&é Xorﬁé}:etg%th%egnal

constel l ation @PE t “correspondi ng
ot VR

to a 5th col unur? gﬁﬁ?ﬂﬁl‘%ﬁ""ttﬁ“aﬁ‘Fr&’r'B?rFFg‘FS‘?mpar| ty bit is
punctured, one parity bit is punctured four tines at a period of g. Here,
information bits corresponding to degree-5 colums are connected to
punctured parity bits through 2 edges, and information bits corresponding
to degree-3 colums are not connected to punctured parity bits on the
Tanner aranh 11381 Generallv the bits connected to manv nunctured bits




degree colums al ways have superior pggformance in the LDPC code, to which
hi gh-order nodul ation is applied. [144] Referring back to FIG 12, in an

i npl enentation, after a parity bit corresponding to a 4th columm in a
submat ri x correspondi ng to an arbitrary parity bit is punctured, one parity
bit is punctur gtﬁ?h t a period of q. Here, information bits in
both of de ree &e ree-3 colums are connected to punctured
parity bil 1188]'[ hr %@Hefim@‘ég‘eF%%mt@awﬁempgmawﬂl be[nadg pf dharatthristipuriet ur i ng
pattern appl i eDVBRSAUIRC colle tottacHpARG puh@akidiié @pﬁé@lt@ﬂﬂ%@ﬁ&@&khﬁt%ﬂ&hé o the

d 5 col he d 5
Colums i & hi on b Ak woue ARl 4 NIRELS MAEgURTEES o bl Bouhiolf, (00" °

pattern ill ust?eﬁ‘t‘eélﬂe”?f celumpsin thragcolim &Tﬂfpédfeﬁﬁf%lo‘éffe uni formy

di stri butléePlcon8il@eri ng the difference bet ween reliabilities correspondi ng
to each qeigim gripyp based on the nodul ation schene. In an analysis of this
case, rtcfﬂ the0 @g{)ee 5 colums are connected to only one punctured bit,
there is HI gh" probability that no nore significant performnce

degr adat i éﬂf? wi | AnEapgight] pasiden sequsoern an HeolmgsemeBialptepresetsdnfernptomect ed t o
one punctured &ithe péshidys SRSWESEONG dn@ duhgir grelp. abi | ity information froma

recei ved rgignal pcp 9 jihudarda PQQJ?AJM $rierd é&nﬁnﬁ% tﬁ]@ﬁ%% %ﬁmﬁ& Shd Li5ae * gode

performance de&r g%bon Wi occur When 64- QAM
nodul ation is pfg egagse;thraparipysits pRRrre ip F1G- ﬂe’rﬁa%ﬁblef@‘il@t?é?’éwe matrix of FIG
10 as il | ustr aprecessing 4t a gecodet, th¢ prrcmiedipanity dits, svrigsedwith theottirihbesrart f r om

those of BPSK, b1@§&n@@@at@5m%@4foﬂrﬁn& lg’proqrgfneny G ay LDP@%E @ﬁ ,
hi gh-reliabili an naglnary

part in a 64- ?é}fegs %T%th?“ e l%bdlﬁgéfi?‘i?"élf?ao%ﬁ%'{enﬁysaher"ﬁﬁef lgg%frF‘ftG CP'&"%“? onshi p
bet ween the biP$ q@"ﬁb‘ﬁ‘il??é@/ Bits, yhich 37 lov/ipr5ligbiity-glsp sufferfpgm pidgcreas in
illustr gt es athpafmhﬁlcefmlﬂoanJBﬁﬂeﬂécbtI’hgth@aécbﬁh@p@@sﬁfIBE&cﬂ%\seG@ﬂl‘é'ﬂﬁr' ng

t
parity bits cofppa$RO cpvngrR eﬁt?cgf Rads ?soth%ﬁq}lﬁjer (Liﬂ:dg s(élrec}l? arrntectec{']'tﬁ AM

onnec

though3b|tst$npq)&r ar | S are
| ownest - r el i abi ' P BSPTTWe9n G fanper srapg "‘§Faﬁ%‘e the information bits
corr esporélithg thHGe7, MQ¥W5a@?thw®wnbwm¢avemgﬂmﬂnisdrréoﬂynnnce no

per }‘ or gan\(/:vﬁ de@hadd el itdhe PR MRAPHETiry biiQYRY, @r3n 1ﬂf&nl§|5% t;lit?'co% ﬁdu% oA i's
oo 5 uhon SR TP B SRR Sl AL Ar AP v

Iowrellabllltles nance
reliabilities ‘i?HP?P@%‘b'éﬂ"FGP’h@“ ¢adpmerhie disectly cgnnpgtedsto Stemuhatured pasitsht the ef ul | y
consi der ed. [ 148ds. Intthistuse) ke 30N aidedd inforntatia bikAredaperiot & thelprbhdhearhen t he

codeword | engtigpRfvednbife ﬂfé@Pﬁoﬁf&fiﬁl c(fercg o&k’selnt e?wa;dts%eggle%r e}'énCt uring,

orders of blts orre%gdb]g to t ?8‘ constellTation a but the
bits decrease ¥ e ?986“?82{" 8 e‘izgﬁcpé&ﬂ%{ﬁ’ﬁ‘llcé‘mi’rﬁvqn}e@efﬁg and FI G

13, for an LDF‘@CTG@G%aS tesrgpenber of Y1, coitfiected/ pyncBd bity incre@e8, y2, yo) and (ys,

yi, ys, YB5]yo,It Cahde appreciatedl frof FIGY 2 thaY the n¥BerOdf p@l‘]&&ecﬁ%x RANGNGE L0 the

si gnal const eldu@&tﬁ&ﬁne@&@toﬁ@ﬁ Qén%' %?giﬂnapmbltg‘oaharlagcﬁon}%.\eéo{h ﬁaéx?r responding to

each signal const feases in M of the LDPC
codewor d. [ 14doaringgagers. Jherefope, thersds allléh pxmabﬂ@mawghaj;gmes ofgespedsize easi | y

expect ed t hat ibfosnaianbitspuill @lsobé rgdem i ether veopds, dhnlba;oﬁnbmgﬁdnaﬂﬁ@ﬁrdyng to the
nodul ation sc mﬂrxghzhﬁﬁn-he%demgghlﬁ 3R erqﬁgtlﬁ;a?igﬁ 9& ﬁa@r@ﬁﬁ& sgd

si gnal constel t| on/ bi t nglg %%P clll??erre are determ ned LDPC
code, the optl ﬁﬁ%rf'ﬁ?‘i % ‘S@dgmﬂumnfwamwgbé‘%@o@m ng to
connections bet pegplaripyog dle i¢liabilitieschf teinfpumatonbiesdn te deroding pocesfhus,
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seen in FIG. 9, eac% of the mfonnanon bits is equally and twice connected to the ')

punctured bit.

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

[122] Referring to Rules 1 and 2 and FIG. 3, regarding each column group, positions of '1's
in the first column in the corresponding column group determine positions of '1's in the
remaining columns. Indexes of rows where 1 is located in the remaining columas differ
exactly by a multiple of g from an index of a row where 1 is located in the first
column, in regard to modulo (N\-K}), where N, denotes a length of an LDPC codeword
and K| indicates a length of an information word. More specifically, indexes of rows
where | is located in two consecutive columns in a pasticular column group differ from
each other exactly by g, for modulo (N,-K;).

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

[124] In light of the structural characteristic of the DVB-S2 LDPC code, assuming that
particular parity bits are punctured, if parity puncturing is repeated exactly at intervals
of g, the number of edges of information bits connected to the parity bits punctured in
a particular column group is most regular. For example, assuming that an # parity bit is
punctured for 0<i<q and an (i+kg)® parity bit is repeatedly punctured for 0<k<M,, if a
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parity bits 360 corresponding torn parity bit sets P'(0), Pato, ...,
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parity bits corresponding to P,. Here, it indicates a perntill-ion function
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derstood that '1' exists in the (i+kq)® row in a column corresponding to an information
bit which is separated by k from the above information bit among the columns in a
column group according to Rule 1 and Rule 2. As a result, the information bit is
connected to the punctured (i+kg)® bit.

[125] For the DVB-S2 LDPC code, because degrees of variable nodes corresponding to the
entire information word are equal to each other in one column group, and one or less of
'1' is distributed in one row, when g-periodic puncturing is applied, the information bits
corresponding to one column group are connected to a same number of punctured bits,
Therefore, the connections between the punctured bits and the information bits become
regular, so that stabilized decoding can be expected in the decoding process.

[126] As described s far, it can be appreciated that for the DVB-S2 LDPC code, the g -
periodic puncturing technique can contribute to performance improvement by making
the best use of the structural characteristics of the DVB-S2 LDPC code. However, to
date, with regard to the optimized puncturing pattern obtained by considering the g -
periodic puncturing, only the results obtained by setting BPSK or QPSK are known.

[127] In addition to the g-periodic puncturing method, there are known methods that
optimize the performance according to the code rate or codeword length when
applying shortening or puncturing to the general LDPC code. However, because the
known existing methods of finding a shortening/puncturing pattern perform the opti-
mization process considering only BPSK or QPSK, only one optimized shortening/
puncturing pattern could exist for a given LDPC code.

[128] However, the optimized puncturing/shortening pattern obtained when high-order
modulation is used and a signal constellation/bit mapping (bit mapping on the signal
constellation) scheme has been determined, may differ from that in BPSK or QPSK
modulation,

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

[130] FIG. 10 illustrates another example of a parity-check matrix of a DVB-S2 LDPC
code.
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[131] In FIG. 10, N;=40, K;=10, M,=5, and g=6, and weight-1 position sequences for 0®
columns in two column groups of an information word are as follows:

[132] 05102025

[133] 71526

[134] An i weight-1 position sequence in an i* column sequentially represents information
on the positions of rows with 1 in an i column group.

[135] Referring to FIG. 10, a degree of each column corresponding to the first column
group is 5, and a degree of each column corresponding to the second column group is
3. Generally, as to an LDPC code, its performance improvement effect is excellent in a
decoding process as the degrees increase. Thus, it is commonly expected that per-
formance given after decoding bits corresponding to the first column group would be
superior compared to that of the second column group.

[136] With reference to FIG. 11, a brief description wi.now be made of a puncturing
pattern which is suitable when BPSK or QPSK modulation is applied to the LDPC
code with a parity-check matrix of FIG. 10. In FIG. 11, y, and y, indicate each BPSK
symbol, or indicate two bits constituting one QPSK symbol. Hence, y, and y, are equal
in reliability on the signal constellation. '

[137] Referring to FIG. 11, after a parity bit corresponding to a 5* column in a submatrix
corresponding to an arbitrary parity bit is punctured, one parity bit is punctured four
times at a period of g. Here, information bits corresponding to degree-5 columns are
connected to punctured parity bits through 2 edges, and information bits corresponding
to degree-3 columns are not connected to punctured parity bits on the Tanner graph.

[138] Generally, the bits connected to many punctured bits show a poor performance im-
provement effect in the decoding process. However, in FIG. 11, the degree-5 columns
still have 3 edges which are not connected to the punctured bits, so the performance
may not be significantly decreased in the decoding process. In addition, since in-
formation bits in the degree-3 columns are not directly connected to the punctured
parity bits, significant performance degradation may not occur similarly in the
decoding process.

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

[140] For example, as illustrated in FIG. 12, 16-QAM modulation can be applied to the
LDPPC code with the parity-check matrix of FIG. 10. In FIG. 12, y, and y; indicate
high-reliability bits that determine signs of a real part and an imaginary part in a
16-QAM symbol, respectively. That is, the reliability relationship between the bits is
defined as yo=y,>y2=ys.
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Referring to FIG. 12, degree-5 columns are mapped to y; and degree-3 columns are
mapped to y;. In other words, the degree-5 columns are mapped to a lower-reliability
bit and the degree-3 are mapped to a higher-reliability bit on the signal constellation.

In this case, it cannot be concluded that the degree-5 columns would have a higher
performance improvement effect in the decoding process. The reasons are as follows.
In light of the characteristics of the 16-QAM modulation, since the degree-5 columns
are mapped to lower-reliability information in a signal received from a channel, their
reliability improvement is made very slowly in the decoding process. On the other
hand, the degree-3 columns, though they have a low degree, are mapped to lower-
reliability information, so the reliability improvement effect occurs very fast.

As described above, it cannot be guaranteed that the bits corresponding to the higher-
degree columns always have superior performance in the LDPC code, to which high-
order modulation is applied.

Referring back to FIG. 12, in an implementation, after a parity bit corresponding to a
4% column in a submatrix corresponding to an arbitrary parity bit is punctured, one
parity bit is punctured four times at a period of g. Here, information bits in both of
degree-5 columns and degree-3 columns are connected to punctured parity bits through
1 edge on the Tanner graph.

In the puncturing pattern applied in FIG. 11, the punctured bits are connected only to
the degree-5 columns because the performance improvement effect of the degree-5
columns is high in BPSK or QPSK modulation. However, in the puncturing pattern il-
lustrated in FIG. 12, the punctured bits are uniformly distributed considering the
difference between reliabilities corresponding to each column group based on the
modulation scheme. In an analysis of this case, since the degree-5 columns are
connected to only one punctured bit, there is a high probability that no more significant
performance degradation will happen. Also, though the degree-3 columns are
connected to one punctured bit, they correspond to high-reliability information from a
received signal, so the probability is high that the significant performance degradation
will not occur,

Similarly, even when 64-QAM modulation is applied to the LDPC code with the
parity-check matrix of FIG. 10 as illustrated in fig. 14, the characteristics may be
different from those of BPSK, QPSK and 16-QAM. In FIG. 13, y, and y; indicate high-
reliability bits that determine signs of a real part and an imaginary part in a2 64-QAM
symbol, respectively. That is, reliability relationship between the bits is defined as y,=
Yi>Y2=Y3> Y4=Ys.

FIG. 13 illustrates an example of a puncturing pattern obtained by considering parity
bits corresponding to degree-2 cotumns. In FIG. 12A for 16-QAM, though 3 bits
among the punctured parity bits are connected to the lowest-reliability bits y, and ys,
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since the information bits corresponding to the degree-5 or degree-3 columns have
good performance, no performance degradation may occur. However, in FIG. 13
where 64-QAM is applied, when too many parity bits are connected to y, and yshaving
very low reliabilities, performance degradation may occur. Hence, the reliabilities cor-
responding to the parity bits should also be carefully considered.

It should be noted in FIG. 12 and FIG. 13 that when the codeword length of the
LDPC code decreases due to shortening or puncturing, orders of bits corresponding to
the signal constellation are equal, but the bits decrease in a predetermined ratio. For
example, in FIG. 12 and FIG. 13, for an LDPC code, orders (¥s, Y1, Yo, V2, Yi: Y3, Y2 Vo)
and (¥s, Y1, ¥3, Y4 Yo» Y2 ¥3 ¥ Y15 ¥, ¥a» Vo) OF bits corresponding to the signal con-
stellations are maintained, but a ratio of bits corresponding to each signal constellation
decreases in proportion to a length of the LDPC codeword.

As described in FIGs. 10, 11, 12 and 13, it.can be easily expected that the same
puncturing pattern could be changed according to the modulation scheme. That is,
when a high-order modulation scheme and a signal constellation/bit mapping scheme
are determined for a given LDPC code, the optimal puncturing pattern is subject to
change according to connections between punctured bits and non-punctured other bits,
Thus, different puncturing patterns should be applied according to transmission
modulation schemes, in order to minimize the performance degradation caused by
puncturing.

The general process for applying the above-described puncturing scheme can be
summarized in 5 steps as follows. For convenience, it is assumed herein that N,
indicates a length of an LDPC codeword, each column group includes M, colamns, and
N, parity bits are subject to puncturing. The following puncturing process is illustrated
in fig. 14 in brief. '

nctyri -1

A transmission apparatus generates an existing shortened/non-shortened DVB-$2
LDPC codeword in step 1301.

Puncturing Step 2

The transmission apparatus determines the number N, of parity bits for puncturing in
step 1303, and finds

in step 1305, where

L]

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

Puncturing Step 3
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[157]
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[164]

The transmission apparatus determines puncturing parity bits
D> Py Py,

for 0<x<A and 0<i,<q according to a transmission modulation scheme in step 1307.
It is assumed that for 0<x<g, values of i, were previously determined using a density
evolution method considering the transmission modulation scheme(herein, a rela-
tionship of A<gq is given).

Puncturing Step 4

The transmission apparatus applies puncturing to all parity bits
pi,+qu

for 0<x<A and 0<k<M, in step 1307. Here, the constant B is a preset non-zero

integer.
Puncturing Step 5

The transmission apparatus additionally punctures the parity bits

pld-}lan

for 0<k<N,-AM, in step 1307. Thereafter, the transmission apparatus transmits bits
except for the punctured bits in step 1309.

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

To describe detailed examples in which the above puncturing steps are performed
according to modulation schemes, less than optimal (i.e. suboptimized) puncturing
patterns for an DVB-S2 LDPC code with N,=16200, X,=7200, M,=360, and g=25 are
shown in Table 1A and Table 1B. A process of selecting the suboptimal puncturing
patterns will be described in detail below.

In Table 1A and Table 1B, (py, p1, Pa,..., Psove) indicates all parity bits of the DVB-S2
LDPC code, which are enumerated in a row.

Table 1A



puncturing patterns is perforned throuygh a predeterm ned process regardl ess

of the nodul ati on schene, but
i ndi cating optim zed puncturing patterns are all

nmodul ati on sch
consi deri th
occur acc r&|n
it can al so be
Step 3 and Pun
Puncturing Ste
The subopti nal
be uni que acco
Because severa
puncturing pat
puncturing pat
Actual |l y, - punc
provi de very e
Table A and T
N1=16200, /4=7
satisfying the
25, 05k<9000).
gange. Org, Pun
correspondi ng

correspondi ng

bottom of the

Pitc,r-1),
relationshigs

[166]

[167]

enes.

Thap is,
) Yieor RN O o
appmamae:dda
J O 1 "",
5, SO at 3
punct B‘H ng

C
D

sel ections a
erns, which

different acc

rel ati onshi ps between pernutation functions

ording to

when thg puncturlng nethod is applied wthout

n sc henﬁiisﬂoé @947256 QH-L}GB
hat AM parlty blts are

EFiH f"- % £d

t ot al of Np pari t

(Al (e 0
Unct ur i
nctured
cRHTE
e punct

VI lV

y IlgS ar

pat%EAn®: shown in Table | A and Tabl e
ding to condl tH:E{pﬂ]g_J.JQfodfzj mgkdggoot}he punct uring ps

e e iR SR ey ©

R e

adati on may
Ng process,

in Puncturlng
pd i n

Hred. [ 170]
18 may not

it t er ns.

cting the
rany

er renedi ng

good perforﬁwnwemgaﬁﬂbé avai |l abl e.

ar ldgg,@g%b@ err
kcel I eht” perfo

fe—2A d.IIU Id.UIC 25—

erynctnetall pf pagtybits t er
r vari abl es of DVB-

n al so
hs defined in
52 LDPC code

( Npj

S SﬂUV\III III‘ION;-)
rHeeandgieget Meﬂg
hbl e 1B. [171]| Table 2A ]
P00, M =360, 1
foll owi ng cha
The set Pi i9
Cturing Met hod
[0 mparity an
Here, E indicqt
[ able. , punct
360m) parity

are _snown at
Table 1B

D

”

Eg&ém&hmy@mqgmgmnpaﬁPaypghtspgg?lm
ok
1498

ragé: %agféno%ﬁl% ﬁ Snctfm%réﬁ— 440m?¥mty%1§f fro; B it

a@B“Nb@DU@*WCP@woﬁﬂmglthf@ger =
G1eAd A ki A0 pe¥nuRHBCA:HE B ARRNY t he

t { tt
pas PP e aBpres b Hogba b

[bpitam ffithiabtep Prc" " function t
the— {173 Tablte Afr "

p

D

a set pi
I1ej nod
S entries.

12-1 60

arity bits
n, and the
), Pro),
at is a

a0 | w1y | w@ | w® | @) | =B | wE) | w@

T

(8

@ | Q0 | w1 | w(12) | =13 | w4 | =15 | w(18)

Q)]

#(18) | n(19) | n(20) | =21 | n@22) | n(23) | w20

Relationship between p

ermutation functions subaptimized on BPSK/QPSK

& 4 18 9 13 8 15 20

5

17 2 24 10 22 12 3 16

23

1 14 D 21 19 7 11

Relationship between permutation functions suboptimized on 16QAM

6 4 13 g i8 8 15 20

17 2 24 22 14 23 3 19

10

1 12 c 16 21 7 11

Relationship between permutation Functions suboptimized on 64QAM

15 3 23 6 13 18 1 9

17

8 ] 20 16 22 4 24 14

2

21 12 7 10 19 11 0

[168]

Referring to Table 1A and Table 1B, it can be appreciated that when a length of

parity bits to be punctured is determined, the puncturing process based on suboptimal
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puncturing patterns is performed through a predetermined process regardless of the
modulation scheme, but relationships between permutation functions indicating
optimized puncturing patterns are all different according to modulation schemes. That
is, when the puncturing method is applied without considering the modulation scheme,
significant performance degradation may occur according to modulation schemes.

[169] From the puncturing process, it can also be appreciated that AM, parity bits are
punctured in Puncturing Step 3 and Puncturing Step 4 and N,-AM, parity bits are
punctured in Puncturing Step 5, so that a total of N, parity bits are punctured.

[170] The suboptimal puncturing patterns shown in Table 1A and Table 1B may not be
unique according to conditions for finding the puncturing patterns. Because several se-
lections are possible in the process of selecting the puncturing patterns, which will be
described below in detail, many puncturing patterns showing good performance may
be available. Actually,-puncturing patterns shown in Table 2A and Table 2B can also
provide very excellent performance, like the puncturing patterns defined in Table 1A

and Table 1B.
[171] Table 2A
[172] Major variables of

M=16200, K;=7200, M;=~360, g=25
DVB-S2 LDPC code ! ! ! =

Grouping of parity | Define a set F; satisFying the following characteristics for
bits 0gj<g=25:

Pe={py | le=j mod 25, 0<k<9000}.

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

Range of N, Puncturing Method

0< N, <9000

N,
For an integer = ,_E’:E% J , puncture all of parity bits

corresponding to »t parity bit sets Proys Prrys s P13
and additionally puncture (M,-360m) parity bits from
among the parity bits corresponding to Py,

Here, = indicates a permutation function that is a

puncturing pattern, and the relationships are shown at the
bottom of the table.

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

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

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

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

[179] In step 1407, the LDPC encoder 1560 determines that punctured bits are erased bits
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and determines that the probability that values of shortened bits will be zero (0) is 1.
Thereafter, the LDPC encoder 1560 performs decoding in step 1409.

[180] In the puncturing process, g-periodic puncturing is applied to stabilize performance
of the DVB-S2 LDPC code using structural characteristics of the DVB-S2 LDPC code.

[181] A most significant difference between the present invention and the prior art lies in
considering reliability of the transmission modulation scheme when determining parity
bits to be punctured in Puncturing Step 3. An example of a sequence selection
procedure is provided here below to determine the bits to be punctured in the DVB-S2
LDPC code in Puncturing Step 3. The following selection procedure is subject to
change, when applied to other LDPC codes.

[182] Selection Process 1

[183] Bits, which are connected, if possible, to a less number of information bits, are first
determined.

[184]  Selection Process 2

[185] Parity bits to be punctured, which exhibit the most asymptotic performance, are de-
termined from the parity bits determined in Selection Process 1, using a density
evolution analysis method that considers both a modulation scheme and degree dis-
tribution,

[186] Selection Process 3

[187] Based on the parity bits to be punctured, determined in Selection Process 2, Selection
Process 1 and Selection Process 2 are repeated on the bits excluding the already
selected bits to be punctured.

[188] Commonly, when the number N, of bits to be punctured varies greatly, the
puncturing patterns optimized based on the value of N, may have no correlation with
each other. In other words, in a system where the value of N, varies greatly, all of the
puncturing patterns optimized based on the value of N, should be stored separately for
optimized performance.

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

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

[191) The puncturing technique may contribute to an increase in a code rate because it can
change a length of an LDPC codeword, and reduce the codeword length without
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[192]

[193]

[194]

[195]

{196]

[197]

changing an information length. Preferably, the puncturing and the shortening can be
applied together to obtain the code rate and codeword length needed in the system.

Assuming, as described above, that a codeword length and an information length of
an LDPC code, which is intended to be finally obtained from a given LDPC code with
a codeword length N, and an information length X, through shortening and puncturing,
are N, and K;, respectively, if a definition of N,-N,=N and K;-K,=K is given, the LDPC
code with a codeword length N; and an information length X; can be generated by
shortening K bits and puncturing N, (=N-K) bits from a parity-check matrix of the
given LDPC code. In case of the generated LDPC code, for N>0 or K>0, since the
code rate is

, the puncturing and shortening lengths can be set considering N, and

KII"KL
M-N,

fig. 16 is a block diagram of a transmission apparatus using a punctured/shortened
LDPC code according to an embodiment of the present invention.

Referring to fig. 16, a transmission apparatus includes a controller 1510, a shortening
pattern applier 1520, an LDPC code parity-check matrix extractor 1540, an LDPC
encoder 1560, and a puncturing pattern applier 1580.

The LDPC code parity-check matrix extractor 1540 extracts an LDPC code parity-
check matrix that underwent shortening. The LDPC code parity-check matrix can be
extracted using a memory, can be given in the transmission apparatus, or can be
generated by the transmission apparatus.

The controller 1510 controls the shortening pattern applier 1520 to determine a
shortening pattern according to an information length. The shortening pattern applier
1520 inserts bits with a value of 0 in the positions corresponding to shortened bits, or
removes columns corresponding to the shortened bits from a parity-check matrix of a
given LDPC code. The shortening pattern can determined by extracting a shortening
pattern stored in a memory, generating a shortening pattern using a sequence generator
(not shown), or obtaining a shortening pattern using 2 density evolution analysis
algorithm for a parity-check matrix and a given information length.

The shortening pattern applier 1520 is optional when shortening is not needed for the
code. Further, the controller 1510 controls the puncturing pattern applier 1580 to
determine and apply a puncturing pattern according to a modulation scheme and a
length of puncturing bits.
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corresponding to the signal constellations used in 16- QAM and 64- QAM
nodul ati ons of Table 2A and Table 2B is the results obtained by applying
the sane bit mapping schenmes as those illustrated in FIG 12 and FIG 13.
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punctured/shortened DVB-S2 LDPC code is received, and restored to user-desired
data.
[202} Referring to fig. 17, a reception apparatus includes a controller 1610, a shortening/

puncturing pattern determination/estimation unit 1620, a demodulator 1630, and an
LDPC decoder 1640.

[2031 The demodulator 1630 receives and demodulates a shortened/punctured LDPC code,
and provides the demodulated signal to the shortening/puncturing pattern deter-
mination/estimation unit 1620 and the LDPC decoder 1640.

[204] The shortening/puncturing pattern determination/estimation unit 1620, under the
control of the controller 1610, estimates or determines information about a puncturing/
shortening pattern of the LDPC code from demodulated signal, and provides position
information of the punctured/shortened bits to the LDPC decoder 1640. The
shortening/puncturing pattern determination/estimation unit 1620 can determine or
estimate the puncturing/shortening pattern by exiracting a puncturing/shortening
pattern stored in 2 memory, generating a puncturing/shortening pattern using a
previously implemented generation method, or obtaining a puncturing/shortening
pattern using a density evolution analysis algorithm for a parity-check matrix and a
given information length. The LDPC decoder 1640 performs erasure processing on the
punctured bits and performs decoding thereon.

[205] When the transmission apparatus applies both shortening and puncturing, the
shortening/puncturing pattern determination/estimation unit 1620 in the reception
apparatus may carry out pattern determination/estimation on the shortening first,
perform pattern determination/estimation on the puncturing first, or make pattern de-
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| engt h of an LPR@vakade, which is intended to be finally obtained froma
given LDPC code with a codeword length NI and an information | ength K1

t hrough shortening and puncturing, are N2 and 1C2, respectively, if a
definition of N1-N2=N and Kr-K2=K is given, the LDPC code with a codeword

| ength N2 and an information | ength K2 can be generated by shortening K
bits and puncturing Np (=N-K) bits froma parity-check matri x of the given
LDPC code. In case of the generated LDPC code, for N>0 or K>0, since the
code rate is - Kit , the puncturing and sheitening | engths can be set
considering N2 and Ni-N* [193] fig. 16 is a block diagram of a transm ssion
apparatus using a punctured/shortened LDPC code according to an enbodi nent
of the present invention. [194] Referring to fig. 16, a transm ssion
apparatus includes a controller 1510, a shortening pattern applier 1520, an
LDPC code parity-check matri x extractor 1540, an LDPC encoder 1560, and a
puncturing pattern applier 1580. [195] The LDPC code parity-check matrix
extractor 1540 extracts an LDPC code parity-check matri x that underwent
shorteni ng. The LDPC code parity-check matrix can be extracted using a
menory, can be given in the transm ssion apparatus, or can be generated by
the transm ssion apparatus. [196] The controller 1510 controls the
shortening pattern applier 1520 to determ ne a shortening pattern according
to an information |l ength. The shortening pattern applier 1520 inserts bits
with a value of 0 in the positions corresponding to shortened bits, or
renoves columms corresponding to the shortened bits froma parity-check
matrix of a ai ven | DPC code The shorteni na nattern can det erm ned bv
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CLAIMS:

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

determining a number of parity bits for puncturing;

forming parity bit sets from dividing the parity bits at predetermined intervals;

determining a number of parity bit sets based on the number of parity bits for puncturing;
and

puncturing parity bits based on the determined number of parity bit sets to be punctured, and

according to a predetermined order of parity bit sets to be punctured.

2. The method of claim 1, wherein the predetermined order of parity bit sets to be punctured is
determined as 6, 4, 13, 9, 18, 8, 15,20, 5,17, 2, 22,24,7,12, 1, 16, 23, 14, 0, 21, 10, 19, 11, 3, when
a codeword length is 16200 and an information length is 7200, a modulation scheme is 16-Quadrature

Amplitude Modulation (16-QAM).

3. The method of claim 1, wherein the predetermined order of parity bit sets to be punctured is
determined as 6, 15, 13, 10, 3, 17, 21, 8, 5, 19, 2, 23, 16,24, 7, 18, 1, 12, 20, 0, 4, 14, 9, 11, 22, when
a codeword length is 16200 and an information length is 7200, a modulation scheme is 64 Quadrature

Amplitude Modulation (64-QAM).

4, The method of claim 1, further comprising:
additionally puncturing remaining parity bits except for the punctured parity bits when the

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

5. The method of claims 1, wherein the number of parity bit sets is determined by below

equation;

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

bits for puncturing, M, denotes the number of bits in one parity bit set.

6. The method of claims 5, wherein the parity bit sets are formed by below equation;
P={p:|j=k mod q, 0<k<N/-K},

where P; denotes the j™ parity bit set, N; denotes a length of an LDPC codeword, K; denotes
a length of an information word, M; denotes the number of bits in one parity bit set, g is a value

satisfying g = (N, — K;) / M,, where K;/M, is an integer, and 0 <j < g.
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7. An apparatus for channel encoding in a communication system using a Low-Density Parity-
Check (LDPC) code, comprising:

a puncturing pattern applier arranged to:

determine a number of parity bits for puncturing;

form parity bit sets from dividing the parity bits at predetermined intervals;

determine a number of parity bit sets based on the number of parity bits for puncturing; and

puncture parity bits based on the determined number of parity bit sets to be punctured, and

according to a predetermined order of parity bit sets to be punctured.

8. The apparatus of claim 7, wherein the predetermined order of parity bit sets to be punctured
is determined as 6, 4, 13,9, 18, 8, 15,20, 5,17, 2,22,24,7,12, 1, 16, 23, 14, 0, 21, 10, 19, 11, 3,
when a codeword length is 16200 and an information length is 7200, a modulation scheme is 16-

Quadrature Amplitude Modulation (16-QAM).

9. The apparatus of claim 7, wherein the predetermined order of parity bit sets to be punctured
is determined as 6, 15, 13, 10, 3, 17,21, 8, 5, 19, 2, 23, 16, 24, 7, 18, 1, 12, 20, 0, 4, 14, 9, 11, 22,
when a codeword length is 16200 and an information length is 7200, a modulation scheme is 64

Quadrature Amplitude Modulation (64-QAM).

10. The apparatus of claim 7, wherein the puncturing pattern applier additionally punctures
remaining parity bits except for the punctured parity bits when the number of the parity bits for

puncturing is not a multiple of the number of parity bit sets.

11. The apparatus of claims 7, wherein the number of parity bit sets is determined by below

equation;

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

bits for puncturing, M; denotes the number of bits in one parity bit set.

12. The apparatus of claims 11, wherein the parity bit sets are formed by below equation;
P={pi| j=k mod q, 0<k<N;-K;},

where P; denotes the ™ parity bit set, N; denotes a length of an LDPC codeword, K; denotes
a length of an information word, M, denotes the number of bits in one parity bit set, g is a value

satisfying g = (N, — K)) / M,, where K;/M, is an integer, and 0 <j <gq.

13. A method for channel encoding, substantially as herein described with reference to the

accompanying drawings.
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14. An apparatus for channel encoding, substantially as herein described with reference to the

accompanying drawings.



