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DESCRIPTION

Field of the Invention

[0001] The present invention relates generally to a communication system using Low-Density
Parity-Check (LDPC) codes. More particularly, the present invention relates to a channel
encoding/decoding method and apparatus for generating LDPC codes of a particular type.

Background to the Invention

[0002] In wireless communication systems, link performance significantly decreases due to
various noises In channels, a fading phenomenon, and Inter-Symbol Interference (ISI).
Therefore, In order to realize high-speed digital communication systems, which require high
data throughput and reliability, such as the next-generation mobile communication, digital
broadcasting, and portable internet, it is important to develop technology for overcoming the
channel noises, fading, and |Sl. Recently, an intensive study of an error-correcting code has
been conducted as a method for increasing communication reliability by efficiently recovering
distorted information.

[0003] An LDPC code Is typically represented using a graph representation technique, and
many characteristics can be analyzed through the methods based on graph theory, algebra,
and probability theory. Generally, a graph model of channel codes Is useful for description of
codes, and by mapping information on encoded bits to vertexes Iin the graph and mapping
relations between the bits to edges In the graph, it 1s possible to consider a communication
network in which the vertexes exchange predetermined messages through the edges, thus
making it possible to derive a natural decoding algorithm. For example, a decoding algorithm
derived from a trellis, which can be regarded as a kind of graph, can include the well-known
Viterbi algorithm and a Bahl, Cocke, Jelinek and Raviv (BCJR) algorithm.

[0004] The LDPC code is generally defined as a parity-check matrix, and can be expressed
using a bipartite graph, which is referred to as a Tanner graph. The bipartite graph means that
vertexes of the graph are divided into two different types, and the LDPC code is represented
by the bipartite graph including vertexes, some of which are called variable nodes and the
other of which are called check nodes. The variable nodes are one-to-one mapped to the
encoded bits.

[0005] FIG. 1 lllustrates an example of a parity-check matrix H4 of the LDPC code including 4

rows and 8 columns. Referring to FIG. 1, because the number of columns is 8, the parity-check
matrix H4 indicates that an LDPC code that generates a length-8 codeword, and the columns

are mapped to 8 encoded bits.
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[0006] FIG. 2 I1s a diagram Illustrating a Tanner graph corresponding to Hq of FIG. 1.

[0007] Referring to FIG. 2, the Tanner graph of the LDPC code Includes 8 variable nodes Xx;
(202), X2 (204), x3 (206), x4 (208), x5 (210), xg (212), x7 (214), and xg (216), and 4 check

nodes 218, 220, 222, and 224. An it" column and a " row in the parity-check matrix Hq of the
LDPC code are mapped to a variable node x; and a ji" check node, respectively. In addition, a

value of 1, i.e., a non-zero value, at the point where an it" column and a ji" row in the parity-
check matrix Hy of the LDPC code cross each other, indicates that there is an edge between

the variable node x; and the j!" check node on the Tanner graph of FIG. 2.

[0008] In the Tanner graph of the LDPC code, a degree of the variable node and the check
node Indicates the number of edges connected to each respective node, and the degree Is
equal to the number of non-zero entries in a column or row corresponding to the associated

node In the parity-check matrix of the LDPC code. For example, in FIG. 2, degrees of the
variable nodes x4 (202), x5 (204), x5 (206), x4 (208), x5 (210), xg (212), x7 (214), and xg (216)

are 4, 3, 3, 3, 2, 2, 2, and 2, respectively, and degrees of check nodes 218, 220, 222, and 224
are 6, 5, 5, and 5, respectively. In addition, the numbers of non-zero entries in the columns of
the parity-check matrix Hq1 of FIG. 1, which correspond to the variable nodes of FIG. 2, coincide

with their degrees 4, 3, 3, 3, 2, 2, 2, and 2, and the numbers of non-zero entries in the rows of
the parity-check matrix Hq of FIG. 1, which correspond to the check nodes of FIG. 2, coincide

with their degrees 6, 5, 5, and 5.

[0009] 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 f;, and a

ratio of the number of degree-) check nodes to the total number of check nodes is defined as
gj. For example, for the LDPC code corresponding to FIGs. 1 and 2, f,=4/8, 13=3/8, f4=1/8, and

fi=0 for 1#¥2, 3, 4, and g5=3/4, gg=1/4, and g;=0 for J#5, 6. When a length of the LDPC code is

defined as N, 1.e., the number of columns iIs defined as N, and when the number of rows Is

defined as N/2, the density of non-zero entries in the entire parity-check matrix having the

above degree distribution is computed as shown Equation (1).

2LEN+3LN+4fN 525
N-N/2 N

[0010] In Equation (1), as N Increases, the density of 1's In the parity-check matrix decreases.
Generally, as for the LDPC code, because the code length N is inversely proportional to the
density of non-zero entries, the LDPC code with a large N has a very low density of non-zero
entries. The term "low-density” in the name of the LDPC code originates from the above-
mentioned relationship.

[0011] FIG. 3 schematically illustrates an LDPC code adopted as the standard technology In
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Digital Video Broadcasting-Satellite transmission 2"9 generation (DVB-S2), which is one of the
European digital broadcasting standards.

[0012] In FIG. 3, N4 denotes a length of an LDPC codeword, K4 provides a length of an
Information word, and (N¢-K4¢) provides a parity length. Further, integers M4, and g are
determined to satisfy g=(N1-Kq)/M4. Preferably, K4/Mq should also be an integer. For

convenience, the parity-check matrix of FIG. 3 is called a first parity-check matrix H1.

[0013] Referring again to FIG. 3, a structure of a parity part, i.e., K1" column through (N1-1)"h

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".

[0014] In the parity-check matrix, a structure of an information part, i.e., 0" column through

(K1-1) column, is made using the following rules.

Rule 1: It generates a total of K4/M, column groups by grouping K1 columns corresponding to
the Information word in the parity-check matrix into multiple groups each including M4 columns.

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

Rule 2: It first determines positions of '1's in each 0 column in ™ column groups (Where

i=1,...,K1/M1). When a degree of a 0" column in each ™ column group is denoted by D;, if

positions of rows with 1 are assumed to be

R, RY....RY,

positions

R (k=12,..D)

of rows with 1 are defined as shown in Equation (2), in a /!" column (where j=1,2,.... M1-1) in an

" column group.

Rz(}? ~ R(ij—l) +gmod(N, - K)), -
120, 1=Ky, bttt O

[0015] According to the above rules, It can be appreciated that degrees of columns belonging

to an " column group are all equal to D;.

[0016] As a detalled example, for N4=30, K=15, M4=5, and q=3, three sequences for the

information on the positions of rows with 1 for 0" columns in 3 column groups can be

expressed as follows. Herein, these sequences are called "weight-1 position sequences”.
Ry =0, R =1 R =2,

— iy - — i . . — {2 e -
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Ryy =0, Ry =11, RY; =13

Ris =0, RJ =10, RY =14.

[0017] Regarding the weight-1 position sequence for 0" columns in each column group, only
the corresponding position sequences can be expressed as follows for each column group. For
example:

012
01113

010 14.

[0018] In other words, the ™ weight-1 position sequence in the " line sequentially represents

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

[0019] It is possible to generate an LDPC code having the same concept as that of a DVB-52
LDPC code of FIG. 4, by forming a parity-check matrix using the information corresponding to
the detailed example, and Rules 1 and 2.

[0020] It iIs known that the DVB-S2 LDPC code designed in accordance with Rule 1 and Rule 2
can be efficiently encoded using the structural shape. Respective steps In a process of
performing LDPC encoding using the DVB-S2 based parity-check matrix will be described
below by way of example.

[0021] In the following description, as a detailled example, a DVB-S2 LDPC code with
N1=16200, K1=10800, M1=360, and g=15 undergoes an encoding process. For convenience,

Information bits having a length K4 are represented as (ip,/1,...,/x1-1), and parity bits having a

length (N1-K4) are expressed as (pg,pP1,..., PN1-K1-1)-

[0022] Step 1: An LDPC encoder initializes parity bits as follows:
pO — pl — s — le—Kl-—-l. — 0

[0023] Step 2: The LDPC encoder reads information on a row where 1 i1s located in a column

group from a 0" weight-1 position sequence out of the stored sequences indicating the parity-
check matrix.

[0024] 0 2084 1613 1548 1286 1460 3196 4297 2481 3369 3451 4620 2622
R =0, R\ =2048,R") =1613, R =1548, R"}) =1286,
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R® 1460, R') =3196, R™ = 4297, R") = 2481, R} = 3369,

ROV =3451, R = 4620, R1 =2622.

[0025] The LDPC encoder updates particular parity bits p, iIn accordance with Equation (3),

using the read information and the first information bit /5. Herein, x is a value of
R

fork=1,2,...,13.

Po =Py Dy, Pross = Pooss Plos Pisis = Praz Pl

Pisss = Prisss Dlos Pioss = Pross Plos Praso = Praso Do

P3106 = P19 D Eos Pazor = Pazor D lys Daast = Do, D lgy e (3)

Pzi60 = Pa3s0 D los  Paasi = Paas) Dilyy Pusao = Pagao Do,

Pasz = Pasra Dl

[0026] In Equation (3), px = px D Ig can also be expressed as p, «— p, Pig, and & represents

binary addition.

[0027] Step 3: The LDPC encoder first finds out a value of Equation (4) for the next 359
Information bits /,, (where m=1, 2, ..., 359) after 1.

(x +(mmod M,)x ¢ ymod(N, = K,), M, =360, m=12,.359 ........ (4)

[0028] In Equation (4), x Is a value of
RE)
1.0

for k=1,2,...,13. It should be noted that Equation (4) has the same concept as Equation (2).

[0029] Next, the LDPC encoder performs an operation similar to Equation (3) using the value
found in Equation (4). That is, the LDPC encoder updates pgx+(m mod M1)xgimod(ni-K1) fOr im.

For example, for m=1, i.e., for 14, the LDPC encoder updates parity bits px+qg)mod(n1-k1) as
defined in Equation (9).

Pys = Pps D, Paogo = Paogo Plis Digag = Dias Py

Pisss = Prssy @iy Priaot = Prsot Dlis Prass = Pras Dby,
P = P i Pisin = Pian @il Posgs = Paage @dpn. v oo e v v v o (5)
P = Passa Dlhis Pasgs = Paags Plis Dagzs = Dagas P,

Pagzyr = Pass7 D

[0030] It should 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.

[0031] Step 4: As in Step 2, the LDPC encoder reads information of the 15! weight-1 position
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sequence
RS (k=1,2,.,13)

for a 3615t information bit iagp, and updates a particular p,, where x is
R
The LDPC encoder updates py+m mod M1)xgimod(Vvi-K1), M = 361,362,...,719 by similarly
applying Equation (4) to the next 359 information bits /3g1, 1352, ..., I719 after i3g0.

[0032] Step 5: The LDPC encoder repeats Steps 2, 3, and 4 for all groups each having 360
Information bits.

[0033] Step 6: The LDPC encoder finally determines parity bits using Equation (6).
=V @pz-_“ i=12,..., NL_KI e T (6)

[0034] The parity bits p; of Equation (6) are parity bits that underwent LDPC encoding.

[0035] As described above, DVB-S2 performs encoding through the process of Step 1 through
Step 6.

[0036] In order to apply the LDPC code to the actual communication system, the LDPC code
should be designed to be suitable for the data rate required in the communication system.
Particularly, not only In an adaptive communication system employing Hybrid Automatic
Retransmission Request (HARQ) and Adaptive Modulation and Coding (AMC), but also In a
communication system supporting various broadcast services, LDPC codes having various
codeword lengths are needed to support various data rates according to the system
requirements.

[0037] However, as described above, the LDPC code used in the DVB-S2 system has only two
types of codeword lengths due to its IImited use, and each type of the LDPC code needs an
Independent parity-check matrix. For these reasons, there i1s a long-felt need In the art for a
method for supporting various codeword lengths to increase extendibility and flexibility of the
system. Particularly, in the DVB-S2 system, transmission of data having several hundreds to

thousands of bits Is needed for transmission of signaling information. However, because only
16200 and 64800 are available for a length of the DVB-S2 LDPC code, there is a still a need
for support of various codeword lengths.

[0038] In addition, because storing an independent parity-check matrix separately for each
codeword length of the LDPC code reduces the overall memory efficiency, there 1s a demand
for a scheme capable of efficiently supporting various codeword lengths from the given existing
parity-check matrix, without designing a new parity-check matrix.

[0039] T. Tao et al, "Construction of Rate-Compatible LDPC Codes utilizing information
shortening and parity puncturing”, EURASIP Journal on Wireless Communications and



DK/EP 2582054 T3

Networking 2005, pages 789-795, discloses a method for constructing rate-compatible low-
density parity-check (LDPC) codes by a combination of information shortening and parity
puncturing wherein density evolution I1s used to optimize node degree distribution for a given
code rate.

[0040] WO 00/21234 discloses a method for transmitting punctured data wherein the positions
of the punctured bits are equidistant throughout the frame and wherein those punctured
positions are selected by dividing the number of bits in a frame by the number of bits to be
punctured and selecting positions at integer values corresponding to the division.

[0041] Hagenauer J: "Rate-compatible punctured convolutional codes (rcpc codes) and their
applications”, |[EEE transactions on communications, |[EEE service center, Piscataway, NJ.

USA, vol. 36, no. 4, 1 April 1988, pages 389-400, XP000670428, ISSN: 0090-6778, DOI:
10.1109/26.27/63, discloses rate-compatible punctured convolutional codes which are

punctured with period P

[0042] Hossein Pishro-Nik and Faramarz Fekri, "Results on punctured LDPC codes”
INFORMATION THEORY WORKSHOP, 2004. |IEEE, 1 November 2004, XP-002692697,
discloses a method for puncturing LDPC codes wherein the punctured positions are chosen by
grouping first the variable nodes based on their grade and randomly puncturing a fraction of

the variable nodes inside each group.

[0043] Jeongseok Ha and Steven W. McLaughlin, "Optimal Puncturing of Irregular Low-Density
Parity-Check Codes” 2003, |EEE, pages 3110-3114, XP-002687857, discloses a rate
compatible method of puncturing LDPC codes wherein variable nodes are grouped according

with their degrees and a random proportion of bits In each group Is punctured. Density
Evolution is applied in order to calculate the optimal proportion.

SUMMARY OF THE INVENTION

[0044] It Is an aim of certain embodiments of the invention to solve, mitigate or obviate, at least
partly, at least one of the problems and/or disadvantages associated with the prior art.

[0045] Accordingly, the present invention has been designed to address at least the problems
and/or disadvantages and to provide at least the advantages described below. An aspect of
the present invention is to provide an encoding/decoding method and apparatus for generating
LDPC codes having different codeword lengths from a given LDPC code, using puncturing in a
communication system employing LDPC codes.

[0046] Another aspect of the present invention Is to provide an encoding/decoding method and
apparatus for guaranteeing the optimal performance with regard to DVB-S2 architecture in a
communication system using LDPC codes.
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[0047] In accordance with the present invention, there are provided a method and apparatus
for encoding / decoding In a communication system using a Low-Density Parity-Check (LDPC)
code as claimed in the independent claims.

[0048] Other aspects, advantages, and features of the invention will become apparent to those
skilled in the art from the following detailed description, which, taken in conjunction with the
annexed drawings, discloses exemplary embodiments of the invention.

BRIEF DESCRIPTION OF THE DRAWINGS

[0049] The above and other aspects, features, and advantages of the present invention will
become more apparent from the following detailed description when taken in conjunction with
the accompanying drawings in which:

FIG. 1 1s a diagram lllustrating an example of a parity-check matrix of a length-8 LDPC code;

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

FIG. 3 1s a diagram schematically illustrating a structure of a DVB-52 LDPC code;
FIG. 4 Is a diagram illustrating an example of a parity-check matrix of a DVB-52 LDPC code;

FIG. 5 Is a block diagram illustrating a structure of a transceiver in a communication system
using LDPC codes;

FIG. 6 1s a diagram illustrating a first example where random puncturing is applied to the LDPC
code of FIG. 4;

FIG. 7 1s a diagram lllustrating a second example where non-random puncturing 1s applied to
the LDPC code of FIG. 4;

FIG. 8 1s a diagram Iillustrating a third example where non-random puncturing is applied to the
LDPC code of FIG. 4;

FIG. 9 I1s a flowchart illustrating a method for generating an LDPC code with a different
codeword length from a parity-check matrix of a stored LDPC code according to an
embodiment of the present invention;

FIG. 10 is a flowchart illustrating an LDPC decoding method in a reception apparatus when a
puncturing pattern is applied, according to an embodiment of the present invention;

FIG. 11 1s a block diagram illustrating a structure of a transmission apparatus that uses LDPC
codes to which the puncturing and shortening proposed by the present invention Is applied;
and

FIG. 12 Is a block diagram lllustrating a structure of a reception apparatus that uses LDPC
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codes to which the puncturing and shortening proposed by the present invention is applied.

[0050] Throughout the drawings, the same drawing reference numerals will be understood to
refer to the same elements, features and structures.

DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS

[0051] Embodiments of the present invention will now be described In detall with reference to
the annexed drawings. In the following description, a detailed description of known functions
and configurations incorporated herein may have been omitted for clarity and conciseness

when their inclusion might obscure appreciation of the invention by a person of ordinary skill in
the art.

[00562] The embodiments of the present invention provide a method and apparatus for
supporting LDPC codes having various codeword lengths using a parity-check matrix of a
structured LDPC code of a particular type. In addition, the embodiments of the present
Invention provide an apparatus for supporting various codeword lengths iIn a communication
system using LDPC codes of a particular type, and a method for controlling the same.
Particularly, the embodiments of the present invention provide a method and apparatus for
generating an LDPC code using a parity-check matrix of a given LDPC code, the generated
LDPC code being shorter in length than the given LDPC code.

[0053] FIG. 5 Is a block diagram lillustrating a structure of a transceiver in a communication
system using LDPC codes.

[0054] Referring to FIG. 5, a message u is input to an LDPC encoder 511 in a transmitter 510
before being transmitted to a receiver 530. The LDPC encoder 511 encodes the input
message u, and outputs the encoded signal ¢ to a modulator 513. The modulator 513
modulates the encoded signal ¢, and transmits the modulated signal s to the receiver 530 over
a wireless channel 520. A demodulator 531 In the receiver 530 demodulates the received
signal r, and outputs the demodulated signal x to an LDPC decoder 533. The LDPC decoder
533 estimates an estimation value u of the message based on the data received through the
wireless channel 520.

[0055] The LDPC encoder 511 generates a parity-check matrix according to a codeword
length required by a communication system, using a preset scheme. Particularly, In
accordance with an embodiment of the present invention, the LDPC encoder 511 can support
various codeword lengths using the LDPC code without the separate need for additional
storage information.

[0056] In accordance with an embodiment of the present invention, a method of supporting
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various codeword lengths uses a shortening technique and/or a puncturing technique. The
term "puncturing technique” as used herein indicates a method that does not substantially
transmit a specified part of an LDPC codeword after generating the LDPC codeword from a
given particular parity-check matrix by performing LDPC encoding. Hence, a receiver
determines that the non-transmitted part was erased.

[0057] For a better understanding of the puncturing technique, a parity-check matrix of the
DVB-S2 LDPC code illustrated in FIGs. 3 and 4 will be described in more detail below.

[0058] Regarding the parity-check matrix of the DVB-S2 LDPC code illustrated in FIG. 3, its
total length is N4, the leading part corresponds to length-K4 information bits (/p,/4,...,1x1-1), and

the rear part corresponds to length-(N41-K4) parity bits (pg,p1,..., Pn1-K1-1).

[0059] Generally, the puncturing technique can be applied to both the information bits and the
parity bits. Although the puncturing technigue and the shortening techniqgue commonly reduce
codeword lengths, the puncturing technique, unlike the shortening technique, described herein
above, does not limits values of particular bits. The puncturing technique i1s a method for simply
not transmitting particular information bits or a particular part of generated parity bits, so that a
receiver can erase the corresponding bits. In other words, by simply not transmitting bits in N,

predefined positions in a generated length-Ny LDPC codeword, the puncturing technique can
obtain the same effect as that obtained by transmitting a length-(N4-Np) LDPC codeword.

Because columns corresponding to the bits punctured in the parity-check matrix are all used
Intact In a decoding process, the puncturing technique iIs distinct from the shortening
technique.

[0060] Further, according to the invention, because position information for the punctured bits
can be shared or estimated in common by the transmitter and the receiver when the system is
set up, the receiver may merely erase the corresponding punctured bits, before decoding.

[0061] In the puncturing technique, because a length of a codeword that the transmitter
actually transmits i1s N1-N and a length of an information word is constantly K4, the code rate

becomes K4/(N1-Np), which Is always greater than the first given code rate K4/Nj.

[0062] A description will now be made of a shortening technique and a puncturing technique
suitable for the DVB-S2 LDPC code. The DVB-S2 LDPC code, as described above, 1s an LDPC
code having a particular structure. Therefore, compared with the normal LDPC code, the DVB-
S2 LDPC code Is able to undergo more efficient shortening and puncturing.

[0063] For convenience of this example, it 1s assumed that a codeword length and an
Information length of an LDPC code are N, and K5, respectively.. If a definition of N¢-N>=Npx

and K{-K>=Kx 1S given, It i1s possible to generate the LDPC code whose codeword length and
Information length are N, and K, respectively, by shortening K4 bits and puncturing N,(=N4-
K,) bits from the parity-check matrix of the DVB-S2 LDPC code. For the generated LDPC code
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with NA>0 or K4>0, because Iits code rate

K, -K,

N —-N,

IS generally different from the code rate K{/Nq¢ of the DVB-S2 LDPC code, its algebraic

characteristic changes. For Ny = Kpa, the LDPC code 1s generated by not performing shortening

and puncturing or by performing only shortening.

[0064] With reference to FIG. 4, a detailed description will be made of characteristics of a DVB-
S2 LDPC code to which parity puncturing is applied. It is to be noted that for the DVB-S2 LDPC

code of FIG. 4, N4=30, K1=15, M{=5, and g=3, and a weight-1 position sequence for O

columns in three column groups are as follows:
012
01113

010 14

[0065] An /M weight-1 position sequence in an " column sequentially represents the

information on the positions of rows with 1 in an " column group.

[0066] FIG. 6 1s a diagram lllustrating a first example where random puncturing 1s applied to
the LDPC code of FIG. 4. Because the parity bits punctured in FIG. 6 are subjected to erasure
processing at a decoder, the punctured parity bits, compared with the other non-erased bits,
are not greater in a performance improvement effect in an LDPC decoding process, causing a
decrease In reliability. Consequently, the other bits directly connected to the punctured parity
bits, which are low In reliability, also suffer from a decrease In the performance improvement
effect In the decoding process. The decrease In the performance improvement effect is more
significant as the number of edges directly connected to the bits punctured on the Tanner
graph is greater.

[0067] In FIG. 6, for example, a 0! information bit corresponding to a 0" column is directly
connected to the punctured parity bit twice, a 3" information bit corresponding to a 3™ column
is directly connected to the punctured parity bit once, and an 8! information bit corresponding
to an 81" column is directly connected to the punctured parity bit three times. In this case, the

34 oth and 8! information bits are superior in the performance improvement effect in order in
the decoding process. In other words, when the degrees of the variable nodes are equal to
each other, the performance improvement effect is lower as the number of the connected
punctured bits increases.

[0068] It can be appreciated from FIG. 6 that the number of punctured parity bits, which are
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directly connected to each information word by the random puncturing pattern, i1s random.
Therefore, there is a high probability that reliability of each information bit will also be random.
In other words, while some Information bits may gain higher-than-needed decoding
performance, other Iinformation bits may suffer significant performance degradation. This
random puncturing pattern may lead to considerable irregularity of the reliability of the
Information bits in the decoding process.

[0069] FIG. 7 I1s a diagram Illustrating a second example where non-random puncturing Is
applied to the LDPC code of FIG. 4. More specifically, a relatively non-random puncturing
pattern of a particular type Is applied in the example illustrated in FIG. 7.

[0070] Referring to FIG. 7, even though the relatively non-random puncturing pattern is
applied, the connections with the Information bits may be irregular according to the
corresponding puncturing pattern. The non-random puncturing pattern of FIG. 7 may be more
Irregular compared with the random puncturing pattern of FIG. 6.

[0071] In case of the LDPC code with a parity-check matrix having a particular structure like
the DVB-S2 LDPC code, the connections between the information bits and the parity bits
punctured according to the puncturing pattern can be significantly changed.

[0072] The embodiments of the present invention suggest a puncturing pattern that provides
stable decoding performance by maximally suppressing the irregularity of the reliability of the

Information bits In the decoding process using the structural characteristics of the DVB-S2
LDPC code.

[0073] FIG. 8 Is a diagram illustrating a third example where non-random puncturing is applied
to the LDPC code of FIG. 4. In the example of FIG. 8, a puncturing pattern that maintains a
constant interval of 3 between punctured parity bits because a value q is 3, which is one of the
constituent variables, 1s applied to the parity-check matrix illustrated in FIG. 4. As can be seen
In FIG. 8, each of all Information bits i1s equally connected to 2 punctured bits.

[0074] The irregularity between the punctured bits and information bits is remarkably reduced
when the interval between the punctured parity bits i1s set according to the value of g due to the
structure of the DVB-52 LDPC code. This is better described with reference to FIG. 3.

[0075] Referring to Rules land 2 and FIG. 3, regarding each column group, positions of "1's In
the first column in the corresponding column group determine positions of '1's in the remaining
columns. Indexes of rows where 1 Is located In the remaining columns differ exactly by a
multiple of g from an index of a row where 1 Is located in the first column, in regard to modulo
(N41-K1), where N4 denotes a length of an LDPC codeword and K, Indicates a length of an

Information word. More specifically, indexes of rows where 1 Is located In two consecutive
columns in a particular column group differ from each other exactly by g, for modulo (N4-K).

[0076] Another characteristic of the DVB-S2 LDPC code lies In a submatrix corresponding to
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the parity Iin the parity-check matrix. Referring to FIG. 3, the parity part has a structure of a

lower triangular matrix which 1 exists in all of diagonal parts, and in this structure, an " parity

bit corresponds to '1' located in an " row.

[0077] Due to 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

regular to the utmost. For example, assuming that an " parity bit is punctured for 0<i<g and an

(i+kq)"h parity bit i1s repeatedly punctured for 0sk<M4, an information bit being connected to the

AN parity bit indicates that '1' exists in an M row for a column corresponding to the

corresponding information bit. Therefore, it can be understood 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+kq)!" bit.

[0078] For the DVB-S2 LDPC code, because degrees of variable nodes corresponding to all
Information words are equal to each other in one column group and one and less of "1 Is
distributed In one row, when the puncturing pattern i1s 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.

[0079] A general process for the application of the above-described puncturing scheme can be
summarized as follows. In the following summary, it is assumed that N indicates a length of an

LDPC codeword, each column group has M4 columns, and N, parity bits are subjected to

puncturing. The following puncturing process is illustrated in FIG. 9.

[0080] More specifically, FIG. 9 Is a flowchart illustrating a method for generating an LDPC
code with a different codeword length from a parity-check matrix of a stored LDPC code
according to an embodiment of the present invention.

[0081] Puncturing Step 1: A transmission apparatus generates, in step 901, an existing DVB-
S2 LDPC codeword that has or has not undergone shortening.

[0082] Puncturing Step 2: The transmission apparatus determines a length N, by which it will

perform puncturing, in step 903, and calculates

14: IVZ?
M,

in step 905, where Lxd is the maximum integer which is less than or equal to x.

[0083] Puncturing Step 3: The transmission apparatus determines parity bits pig, pi1 ,..., PiA-1
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to be subjected to puncturing for 0<x<A and 0</,<qg in step 907. It is assumed that for 0<x<q,

values of 1, were previously determined considering the performance (herein, a relationship of

A<q IS given).

[0084] Puncturing Step 4: The transmission apparatus applies puncturing to all parity bits
pi +kgB for 0=x<A and Osk<M1 in step 90/. Here, the constant B is a preset non-zero integer.

[0085] Puncturing Step 5: The transmission apparatus additionally punctures the parity bits
Pi+kg for Osk<Np-AM4 In step 907. Thereafter, the transmission apparatus transmits bits

except for the punctured bits in step 909.

[0086] It can be understood that in the puncturing process, AM1 parity bits are punctured In
Puncturing Step 3 and Puncturing Step 4, and (N,-AM+4) parity bits are punctured in Puncturing
Step 5, resulting in a total of N, parity bits being punctured. As to the DVB-52 LDPC codeword

transmitted after undergoing the puncturing, a reception apparatus restores a received signal
to its original signal through a decoding process that will be described in more detail below
referring to FIG. 10.

[0087] The following detailled example will be described for a better understanding of the

puncturing process of Puncturing Step 3 through Puncturing Step 5. The DVB-S2 LDPC code
used herein is a code with N1=16200, K1=3240, M4=360, and q=36.

[0088] Example of Puncturing Step 1: A transmission apparatus generates the existing DVB-52
LDPC codeword that has or has not undergone shortening.

[0089] Example of Puncturing Step 2: The transmission apparatus determines a length N, by

which it will perform puncturing, and calculates

y N,
M|

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

[0090] Example of Puncturing Step 3: The transmission apparatus determines parity bits pjg,
pi1,..., Pia-1 to be subjected to puncturing for 0<x<A and 0</,<36. For 0=x<36, values of /i, are

selected as follows using the connections between the punctured parity bits and the parity bits

and the density evolution analysis method considering the case where the asymptotic
performance iIs excellent.

27,13, 29, 32, 5, 0, 11, 21, 33, 20, 25, 28, 18, 35, 8, 3, 9, 31, 22, 24, 7, 14, 17/, 4, 2, 26, 16,
34,19, 10,12, 23,1, 6, 30, 15

[0091] In the above sequence, an x!" weight-1 position sequence corresponds to a value of i,
for 0=x<36.
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[0092] Example of Puncturing Step 4: The transmission apparatus applies puncturing to all
parity bits p; +3gx for 0=x<A and 0=k<360. Here, a value of B is set to 1.

[0093] Example of Puncturing Step 5: The transmission apparatus supplementally punctures
parity bits p; +36k for 0sk<N360-A.

[0094] It can be understood from Examples of Puncturing Step 1 through Puncturing Step 5
that the puncturing pattern can be defined accurately when the number N, of bits to be

punctured, sequence information defining values of /,, and a value of g are known.

[0095] VWhen all parity bits of the DVB-S2 LDPC code applied to Examples of Puncturing Step 1
through Puncturing Step 5 are represented as (pog, p1, P2, ... , P12959), the examples of the

puncturing steps can be summarized as shown in Table 1.
Table 1

Grouping of parity bits Define a set F; satistying the following
characteristics for 0</<qg=36:

sz{pk I kEj mod 36, OSk<12960}

The set F;Is a set having 360 parity bits as Its
entries.

Range of Puncturing Method
N
p

0<
N,<12960

For an integer
A

m=|——|,

360
puncture all of parity bits

correspondlng to m parity bit sets Pr), Pr(1) - Pr(m-1), @nd
additionally puncture (N,-360m) parity bits among the parity bits
corresponding to Prm.

Here, 11 Indicates a permutation function that i1s a puncturing pattern,
and parity bits corresponding to parity bit sets are shown at the bottom
of the table
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B o I I

[0096] As another embodiment of the puncturing steps, the puncturing pattern shown in Table
2 can be determined for a DVB-S2 LDPC code with N4=16200, K4=7200, M4,=360 and g=25.

CCOCCOCCOCCOCCOCCOCCOCCOCCOCCOCCOCCOCCOCCOCCOCCOCCOCCOCCOCCOCCQCCQCCQCCQCCQCCQCCQCCQC\ CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCC

Major variables of DVB-S2 _ _ _ _
'DPC code N41=16200, K4=7200, M,=360, g=25

Grouping of parity bits Define a set F; satisfying the following
characteristics for 0</<g=25 .

cccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccc

Pi={pk | K5/ mod 25, 0=k<9000}.
The set F’j IS a set having 360 parity bits as its

t |
L )
.\.\.\.\.\.\.\.\.\.\.\.\.\.\.\.\.\.\.\.\.\.\.\.\.\.\.\.>.\.\.\.\.\.\.\.\.\.\.\.\.\.\.\.\.\.\.\.\.\.\.\.\.\.\.\.\.\.\.\.\.\.\.\.\.\.\.\.\.\.\.\.\.\.\.\.\.\.\.\.\.\.\.\.\.\.\.\.\.\.\.\.\.\.\.\.\.\.\.\.\.\.\.\.\.\.\.\.\.\.\.\.\.\.\.\.\.\.\.\.\.\.\.\.\.\.\.\.\.\.\.\.\.\.\.\.\.\.\.\.\.\.\.\.\.\.\.\.\.\.\.\.\.\.\.\.\.\.\.\.\.\.\.\.\.\.\.\.\.\.\.\.\.\.\.\.\.\.\.\.\.\.\.\.\.\.\.\.\.\.\.\.\.\.\.\.\.\.\.\.\.\.\.\.\.\.\.;.\.\.\.\.\.\.\.\.\.\.\.\.\.\.\.\.\.\.\.\.\.\.\.\.\.\{
-
4
—
— —

puncture all of parity bits

corresponding to m parity bit sets Pyo), Pre1), - Pr(m-1), @nd
additionally puncture (N,-360m) parity bits among the parity bits
corresponding to Py,

Here, 11 Indicates a permutation function that i1s a puncturing pattern,
and parity bits corresponding to parity bit sets are shown at the bottom

of the table.
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[0097] As described above, the embodiments of the present invention can apply the efficient
puncturing technique capable of stabilizing performance of the DVB-S2 LDPC code using the
structural characteristics of the DVB-S2 LDPC code, instead of applying an arbitrary puncturing
technique or a simple regular puncturing technique that is commonly used for puncturing of the
DVB-S2 LDPC code.
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[0098] Referring again to a method for determining order of the bits punctured in Puncturing
Step 3 for the DVB-5S2 LDPC code, the method determines order of the punctured bits by using
the density evolution analysis method and a cycle analysis method on the Tanner graph.

[0099] The puncturing technique contributes to an increased code rate because it changes a
length of the LDPC codeword and also decreases the codeword length without changing a
length of the information word. Therefore, the puncturing technique and also the shortening
technique can be applied together to obtain the code rate and codeword length needed In the
system.

[0100] As described above, when the codeword length and the information length of the LDPC
code that the embodiments of the present invention intend to finally get from a given LDPC
code with a codeword length Ay and an information length K1 using the shortening technique

and the puncturing technique are denoted by N> and Ko, respectively, if a definition of Nq-
No=Np and K1-K>=Kx IS given, the LDPC code with the codeword length A5 and the information
length K> can be generated by shortening Ka bits and puncturing Np(=Na-Ka) bits from a

parity-check matrix of the LDPC code. For the generated LDPC code, puncturing and
shortening lengths can be set considering N> and

K —K,

N, —N,

because Iits code rate Is
Kl —KA

N —-N,

for Na>0 or Ka>0.

[0101] FIG. 10 is a flowchart illustrating a reception method in a reception apparatus according
to an embodiment of the present invention.

[0102] Referring to FIG. 10, the reception apparatus determines (or estimates)
puncturing/shortening patterns from received signals in step 1001. Thereafter, the reception
apparatus determines in step 1003 if there are any punctured or shortened bits.

[0103] If there are no punctured or shortened bits, the reception apparatus performs decoding
In step 1009. However, If there are shortened or punctured bits, the reception apparatus
delivers the puncturing/shortening patterns to an LDPC encoder 1160 in step 1005.

[0104] In step 1007, the LDPC encoder 1160 determines that punctured bits are erased bits
and determines that probability that values of shortened bits will be zero (0) is 1. Thereafter,
the LDPC encoder 1160 performs decoding.

[0105] A detalled example of a transmission apparatus for implementing the puncturing
process of the DVB-52 LDPC code is illustrated in FIG. 11. More specifically, FIG. 11 illustrates
a block diagram of a structure of a transmission apparatus that uses punctured/shortened
LDPC codes according to an embodiment of the present invention.
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[0106] Referring to FIG. 11, a transmission apparatus includes a controller 1110, a shortening
pattern applier 1120, an LDPC code parity-check matrix extractor 1140, an LDPC encoder
1160, and a puncturing pattern applier 1180.

[0107] The LDPC code parity-check matrix extractor 1140 extracts an LDPC code parity-check
matrix that underwent shortening. The LDPC code parity-check matrix can be extracted using
a memory, can be given In the transmission apparatus, or can be generated In the
transmission apparatus.

[0108] The controller 1110 controls the shortening pattern applier 1120 to determine a
shortening pattern according to an information length, and the shortening pattern applier 1120
Inserts bits having a value of 0 In positions corresponding to the shortened bits, or removes
columns corresponding to the shortened bits from a parity-check matrix of a given LDPC code.
The shortening pattern can be a shortening pattern stored in a memory, generated using a
sequence generator (not shown), or acquired using a density evolution analysis algorithm for a
parity-check matrix and a given information length.

[0109] The LDPC encoder 1160 performs encoding based on the LDPC code that underwent
shortening by the controller 1110 and the shortening pattern applier 1120.

[0110] The controller 1110 controls the puncturing pattern applier 1180. The puncturing pattern
applier 1180 determines a number of parity bits to be subjected to puncturing, divides the
parity bits at predetermined intervals to determine a number of puncturing bits, which are
subjected to puncturing within the predetermined interval, determines positions of puncturing
parity bits corresponding to the determined number of puncturing bits within the predetermined
Interval, and repeatedly performs puncturing on the puncturing parity bits corresponding to the
determined positions at the predetermined intervals.

[0111] FIG. 12 1s a block diagram illustrating a structure of a reception apparatus according to
an embodiment of the present invention. More specifically, the reception apparatus illustrated
In FIG. 12 receives signals transmitted from a communication system that uses DVB-S2 LDPC
codes that underwent puncturing or shortening, and recovers the data the user wants, from the
received signals.

[0112] Referring to FIG. 12, the reception apparatus includes a controller 1210, a
shortening/puncturing pattern decision/estimation unit 1220, a demodulator 1230, and an
LDPC decoder 1240.

[0113] The demodulator 1230 receives and demodulates an LDPC code that underwent
shortening, and delivers the demodulated signal to the shortening/puncturing pattern

decision/estimation unit 1220 and the LDPC decoder 1240.

[0114] The shortening/puncturing pattern decision/estimation unit 1220, under control of the
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controller 1210, determines (or estimates) information about the puncturing or shortening
pattern of an LDPC code from the demodulated signal, and delivers position information of the
punctured and shortened bits to the LDPC decoder 1240Determining or estimating the
puncturing/shortening patterns in the shortening/puncturing pattern decision/estimation unit
1220 can wuse puncturing/shortening patterns stored In a memory, can generate
puncturing/shortening patterns using a previously implemented generation method, or can
obtain puncturing/shortening patterns using a density evolution analysis algorithm for a parity-
check matrix and a given information length. The LDPC decoder 1240 performs erasure
processing on the punctured bits and performs decoding thereon.

[0115] Further, when the transmission apparatus applies both shortening and puncturing, the
shortening/puncturing pattern decision/estimation unit 1220 in the reception apparatus may
carry out 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.

[0116] The LDPC decoder 1240 performs decoding on the assumption that both the probability
that the punctured bits would be zero (0) and the probability that the punctured bits would be 1
are equal to 1/2. Because the probability that values of the shortened bits will be zero is 1 (l.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.

[0117] When the LDPC decoder 1240 gets information on a length of the DVB-52 LDPC code
shortened by the shortening/puncturing pattern decision/estimation unit 1220, it restores the
user desired data from the received signals.

[0118] From the transmission apparatus illustrated in FIG. 11, it can be appreciated that the
shortening Is performed In the Iinput stage of the LDPC encoder 1160 and the puncturing Is
performed at the output stage of the LDPC encoder 1160. However, In the reception apparatus
llustrated In FIG. 12, the LDPC decoder 1240 should receive information on both the
puncturing and the shortening to make the decoding possible.

[0119] As 1s apparent from the foregoing description, the embodiments of the present invention
can generate a separate LDPC code with a different codeword length using information on the
parity-check matrix given in the communication system that uses an LDPC code.

[0120] In addition, the embodiments of the present invention can optimize performance of the
DVB-S2 LDPC code by employing puncturing.

[0121] It will be appreciated that embodiments of the present invention can be realized in the
form of hardware, software or a combination of hardware and software. Any such software
may be stored in the form of volatile or non-volatile storage such as, for example, a storage
device like a ROM, whether erasable or rewritable or not, or in the form of memory such as, for
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example, RAM, memory chips, device or integrated circuits or on an optically or magnetically
readable medium such as, for example, a CD, DVD, magnetic disk or magnetic tape or the like.
It will be appreciated that the storage devices and storage media are embodiments of
machine-readable storage that are suitable for storing a program or programs comprising
Instructions that, when executed, Implement embodiments of the present Invention.
Accordingly, embodiments provide a program comprising code for implementing a system or
method as claimed in any one of the claims of this specification and a machine-readable
storage storing such a program. Still further, such programs may be conveyed electronically
via any medium such as a communication signal carried over a wired or wireless connection
and embodiments suitably encompass the same.

[0122] Throughout the description and claims of this specification, the words "comprise” and
"contain” and variations of the words, for example "comprising” and "comprises”, means
"Including but not limited to", and is not intended to (and does not) exclude other moieties,
additives, components, integers or steps.

[0123] Throughout the description and claims of this specification, the singular encompasses
the plural unless the context otherwise requires. In particular, where the indefinite article Is
used, the specification i1s to be understood as contemplating plurality as well as singularity,
unless the context requires otherwise.

[0124] Features, Integers, characteristics, compounds, chemical moieties or groups described
In conjunction with a particular aspect, embodiment or example of the invention are to be
understood to be applicable to any other aspect, embodiment or example described herein
unless incompatible therewith.

[0125] It will be also be appreciated that, throughout the description and claims of this
specification, language In the general form of "X for Y" (where Y is some action, activity or step
and X 1s some means for carrying out that action, activity or step) encompasses means X
adapted or arranged specifically, but not exclusively, to do Y.
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Patentkrav

1. Fremgangsmade til punktering af mindst én paritetsbit i et lavdensitetspari-
tetskontrol (LDPC)-kodeord, ved hjeelp af en sender | et udsendelsessystem,
hvor LDPC-kodeordet opnas ved LDPC-kodning under anvendelse af en pari-
tetskontrolmatrix, der har en forudbestemt struktur, hvilken struktur svarer til
en, som er defineret | DVB-S2-standarden og har en laengde pa Ny, en infor-
mationsdel med en informationslaengde Ky og en paritetsdel med en paritets-
lzengde pa (N1-K7),

iIdet iInformationsdelen at paritetskontrolmatrixen har en struktur, der er define-
ret ved:

R = R, + gmod( N, - K)).

(/-1
hvor:
k=1,2,...,D,i1=1,..., Ki/iMy, j=1,..., M1

I = Indeks, der angiver den i'te sgjlegruppe,

/= Indeks, der angiver den |'te sgjle | en sgjlegruppe,
g = (N1-K1)/ My,

M; = antal sgjler pr. sgjlegruppe,

Di; = en grad, dvs. antal ikke-nul-poster, af en O'te sgjle | hver I'te sgjle-

gruppe,

RY RY R©V . . . _
Lt = positioner af raeekker med en veerdi pa 11 en O'te sgjle |

hver I'te sgjlegruppe, og

K ¢p
Ryk=12..0) _ positioner af reekker med en veerdi pa 1i en j'te sgjle |

en I'te sgjlegruppe,

hvor paritetsbits af LDPC-kodeordet opdeles i g paritetsbitsaet baseret pa en

falgende ligning:
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P={px | j=k mod g, 0<k< Ny - K}

hvor
P; repraesenterer et |'te paritetsbitseet,
pk repraesenterer en k'te paritetsbit, og
O0=/<q
hvilken fremgangsmade omfatter:
bestemmelse af et antal paritetsbits Np, der skal punkteres,

bestemmelse af et antal m paritetsbitsaet, | hvilke alle paritetsbits punk-

teres, baseret pa det antal paritetsbit, der skal punkteres, og

punktering af alle paritetsbits at m paritetsbitsaet Pm0), Pr(1), ..., Pr(m-1) af

paritetsbitseet P; baseret pa et punkteringsmgnster, hvor punkterings-
monsteret bestemmes pa basis af en kodehastighed Ki/N; af en LDPC-
kode, der er tilknyttet paritetskontrolmatrixen og er tilknyttet in-

deks 1(0), ..., TT(m-1) svarende til m paritetsbitsaet Pr(1), Pm(1), ..., Pr(im1),

hvor kodehastigheden Ki/N1 = 1/5, Ny = 16200, K7 = 3240, M; = 360 og

q = 36, 0g punkteringsm@nsteret er defineret ved en faglgende tabel,
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2. Fremgangsmade ifglge krav 1, der endvidere omfatter:
yderligere punktering af (Np-360m) paritetsbits blandt paritetsbits svarende

til Pr¢m) baseret pa punkteringsmgnsteret.

3. Apparat, der er indrettet til at punktere mindst én paritetsbit i et lavdensitets-
paritetskontrol (LDPC)-kodeord, hvor LDPC-kodeordet opnas ved LDPC-kod-
ning under anvendelse af en paritetskontrolmatrix, der har en forudbestemt
struktur, hvilken struktur svarer til en, som er defineret | DVB-S2-standarden
og har en lzengde pa Ny, en informationsdel med en informationsleengde K7 og
en paritetsdel med en paritetsleengde pa (N1-K7),

idet iInformationsdelen af paritetskontrolmatrixen har en struktur, der er define-
ret ved:
R - R

,{j-1)

+gmod( N, - K,),

hvor:
k=1,2,...,Di,i1=1,..., Ki/iMy, j=1,..., M1

I = Indeks, der angiver den I'te sgjlegruppe,

/= Indeks, der angiver den |'te sgjle | en sgjlegruppe,
g = (N1-K1)/MA,

M; = antal sgjler pr. sgjlegruppe,

Di= en grad, dvs. antal ikke-nul-poster, af en 0'te sgjle | hver I'te sgjle-

gruppe,

R(l) R@) (D;‘) o . o . . .
0275000270 = positioner af reekker med en veerdi pa 1 1 en O'te sgjle |
hver I'te sgjlegruppe, 09

(KYep
Ry k=12,.0) positioner af raeekker med en vaerdi pa 11 en j'te sgjle |

en I'te sgjlegruppe,
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hvor paritetsbits af LDPC-kodeordet opdeles i g paritetsbitsaet baseret pa en
falgende ligning:
P={p|j=k mod @, 0<k<N;— Ky}

hvor
5 P; repraesenterer et |'te paritetsbitsaet,
Dk repraesenterer en K'te paritetsbit, og
O=/<q

idet apparatet omfatter: en punkteringsmgnsteranvendelsesenhed, der er ind-

rettet til at:
10 bestemme et antal paritetsbits Np, der skal punkteres,

bestemme et antal m paritetsbitsaet, 1 hvilke alle paritetsbits punkteres,

baseret pa det antal paritetsbit, der skal punkteres, og

punktere alle paritetsbits af m paritetsbitsaet Pr0), Pr(1), ..., Pmm-1) af

g paritetsbitseet P; baseret pa et punkteringsmanster, hvor punkterings-
15 mgnsteret bestemmes pa basis af en kodehastighed Ki/N; af en LDPC-

kode, der er tilknyttet paritetskontrolmatrixen og er tilknyttet in-

deks 1T(0), ..., TT(M-1) svarende til m paritetsbitsaet Pm(1), Pm(1), ..., Pr(m-1),

hvor kodehastigheden Kv/N;=1/5, Ny = 16200, K7y = 3240, M; = 360 og

q = 36, 0g punkteringsmgnsteret er defineret ved en falgende tabel,

IIIIIII
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4. Apparat ifglge krav 3, der endvidere omfatter:
at punkteringsmgnsteranvendelsesenheden endvidere punkterer (Np-
360m) paritetsbits blandt paritetsbits svarende til Pr(m) baseret pa punkterings-

mg@nsteret.

5. Apparat, der er indrettet til at dekode data | et udsendelsessystem, hvilket

apparat omfatter:

en demodulator, der er indrettet til at demodulere et modtaget signal,
hvilket signal indbefatter data af et lavdensitetsparitetskontrol (LDPC)-
kodeord, hvor LDPC-kodeordet opnas ved LDPC-kodning under anven-
delse af en paritetskontrolmatrix, der har en forudbestemt struktur, hvil-
ken struktur svarer til en, som er defineret i DVB-S2-standarden og har
en laeengde pa Ny, en informationsdel med en informationslaengde K7 og

en paritetsdel med en paritetsleengde pa (N+-K7),

iIdet iInformationsdelen af paritetskontrolmatrixen har en struktur, der er
defineret ved:
Ri(j;) — R'UU T q mOd( Nl o Kl)n

(/1)
hvor:
k=1,2,...,Di,i1=1,..., Ki/iMy, j=1,..., M1

I = Indeks, der angiver den I'te sgjlegruppe,
/= Indeks, der angiver den |'te sgjle | en sgjlegruppe,
q = (N1-K1)/ M,

M; = antal sgjler pr. sgjlegruppe,
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6

Di= en grad, dvs. antal ikke-nul-poster, af en O'te sgjle | hver I'te sgjle-

gruppe,

D ) (D)) o D e 4 , g
DT PR positioner af reekker med en veerdi pa 1 1 en O'te sgjle |

hver I'te sgjlegruppe, og

RY(k=12...D)

y = positioner af reekker med en vaerdi pa 11 en J'te sgjle |

en I'te sgjlegruppe,
en punkteringsmgnsterbeslutningsenhed, der er indrettet til at:
bestemme et punkteringsmanster ud fra det demodulerede signal, og

bestemme positionsinformation for punkterede paritetsbits baseret pa

10 punkteringsmagnsteret, og

en LDPC-dekoder, der er indrettet til at LDPC-dekode data i det demo-

dulerede signal baseret pa positionsinformationen,
kendetegnet ved, at

punkteringsmansteret bestemmes pa basis af en kodehastighed K7/N7

15 for en LDPC-kode, der er tilknyttet paritetskontrolmatrixen,

positionsinformationen for de punkterede paritetsbits er knyttet til m pa-

ritetsbitsaet af g paritetsbitseet,

hvor de g paritetsbitsaet er defineret ved:
Pi={pc|j= kmod g, 0 <k<Ni- K}
20 hvor

P; betegner et |'te paritetsbitseet,
px betegner en K'te paritetsbit, og

O=s/<aq,
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hvor punkteringsmgnsteret er tilknyttet indekser m(0), ..., 1(m-1) svarende til

m paritetsbitseet Pro), Pr(1), ..., Prim-1), 1| hvilke alle paritetsbits punkteres, hvor

- iIdet Np er et antal punkterede paritetsbits,
hvor kodehastigheden Ki/N:=1/5, Ny = 16200, K7y = 3240, My = 360 o0g

5 g = 36, 0g punkteringsmgnsteret er defineret ved en faglgende tabel,
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6. Apparat ifglge krav 5, hvor indekset m(m) svarer til Pwmy), 1 hvilket (Np-

10 360m) paritetsbits endvidere punkteres.
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