
Description METHOD AND APPARATUS FOR CHANNEL ENCODING AND DECODING IN A
COMMUNICATION SYSTEM USING LOWDENSITY PARITY-CHECK CODES Technical Field
[1] The present invention relates generally to a communication system using
Low- Density Parity-Check (LDPC) codes, and more particularly, to a channel
encoding/ decoding apparatus and method for generating LDPC codes having
various codeword lengths and code rates from an LDPC code given in a
high-order modulation scheme. Background Art [2] In wireless communication
systems, link performance significantly decreases due to various noises in
the channels, a fading phenomenon, and Inter-Symbol Interference (ISI).
Therefore, in order provide high-speed digital communication systems, which
require high data throughput and reliability, such as the next-generation
mobile com munication, digital broadcasting, and portable internet, it is
important to develop tech nologies for overcoming the channel noises,
fading, and ISI. Recently, an intensive study of an error-correcting code
has been conducted as a method for increasing com munication reliability by
efficiently recovering distorted information. [3] The LDPC code, i.e., a
type of error-correcting code, is generally defined as a paritycheck
matrix, and can be represented using a bipartite graph, which is referred
to as a Tanner graph. The bipartite graph means that vertexes constituting
the graph are divided into two different types, and the LDPC code is
represented with the bipartite graph composed of vertexes, some of which
are called variable nodes and the other of which are called check nodes.
The variable nodes are one-to-one mapped to the encoded bits. [4] FIG. 1
illustrates an example of a parity-check matrix Hi of the LDPC code having
4 rows and 8 columns. [5] Referring to FIG. 1, because the number of
columns is 8, the parity-check matrix Hi 



is an LDPC code that generates a length- 8 codeword, and the columns are
mapped to 8 encoded bits. [6] FIG. 2 illustrates a Tanner graph
corresponding to the parity-check matrix Hi of FIG. 1. [7] Referring to
FIG. 2, the Tanner graph of the LDPC code includes 8 variable nodes X1
(202), X2 (204), X3 (206), X4 (208), X5 (210), X6 (212), X7 (214), and X8
(216), and 4 check nodes 218, 220, 222, and 224. An ith column and a j 1row
in the parity-check matrix Hi of the LDPC code are mapped to a variable
node X1and a j 1check node, respectively. In addition, a value of 1, i.e.,
a non-zero value, at the point where an ilh column and a j row in the
parity-check matrix Hiof 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 as illustrated in FIG. 2. [8] 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
pertinent node in the parity-check matrix of the LDPC code. For example, in
FIG. 2, degrees of the variable nodes x, (202), X2 (204), X3 (206), X4
(208), X5 (210), X6 (212), X7 (214), and X8 (216) are 4, 3, 3, 3, 2, 2, 2,
and 2, respectively, and degrees of check nodes 2 18, 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 of FIG. 2, coincide with their degrees 4, 3, 3, 3 2, 2.
2, and 2, respectively, and the numbers of non-zero entries in the rows of
the paritycheck matrix Hiof FIG. I, which correspond to the check nodes of
FTG. 2, coincide with their degrees 6, 5, 5, and 5, respectively. [9] 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-j
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, f3=3/8,
,=1/8, and f,=0 for i 2, 3, 4; and g5=3/4, g6=l/4, and g =O for j 5, 6.
When a 



length of the LDPC code, i.e., the number of columns, is defined as N, and
the number of rows is defined as N/2, the density of non-zero entries in
the entire parity-check matrix having the above degree distribution is
computed as shown Equation (1). [10] 2/ 2N +3/ 3N +4/ 4N 5,25 N -N/2 N (1)
[11] In Equation (1), as Nincreases, the density of l's in the parity-check
matrix decreases. Generally, as for the LDPC code, because the codeword
length Nis inversely proportional to the density of non-zero entries, the
LDPC code with a large Nhas a very low density of non-zero entries. The
term "low-density" in the name of the LDPC code originates from the
above-mentioned relationship. [12] FIG. 3 schematically illustrates an LDPC
code adopted as the standard technology in Digital Video
Broadcasting-Satellite transmission 2nd generation(DVB-S2), which is one of
the European digital broadcasting standards. [13] In FIG. 3, N and Ki
denote a codeword length and an information length (or lengthof information
word) of an LDPC code, respectively, and (N1-K1) provides a parity length.
Further, integers M1 and q satisfy Preferably, K /Mi is an integer. [14]
Referring to FIG. 3, a structure of a parity part, i.e., K( th column
through (Ni-l)" 1 column, in the parity-check matrix, has a dual diagonal
shape. Therefore, as for degree distribution over columns corresponding to
the parity part, all columns have a degree of 2, except for the last column
having a degree of 1. [15] In the parity-check matrix, an information part,
i.e., 0th column through (K - I )"1 column, is created using the following
rules. [16] Rule 1: A total of K /M column groups is generated by grouping
Kt columns corre sponding to the information word in the parity-check
matrix into multiple groups each including M1columns. A method for forming
columns belonging to each column group 



follows Rule 2 below. [17] Rule 2: First, positions of 1's in each 0th
column in ilhcolumn groups (where i=l ,...,K1/ Mi) are determined. When a
degree of a 0lh column in each ith column group is denoted by Di, if
positions of rows with 1 are assumed to be G>(1) n(2) n , ) L (,O " i.O L
,,O , positions * ( = 1,2,...,Z),) of rows with 1 are defined as shown in
Equation (2), in a jth column (where j=l ,2,...,M - l ) in an ith column
group. C18] * - + od -Jf 1), IA-... = , ,/ArI = A 1- I (2) [19] According
to the above rules, it can be appreciated that degrees of columns belonging
to an ilh column group are all equal to D . For a better understanding of a
structure of a DVB-S2 LDPC code that stores information on the parity-check
matrix according to the above rules, the following more detailed example
will be given. [20] As a detailed example, for K I5,M =5, and q=3, three
sequences for the in formation on the positions of rows with 1 for 0lh
columns in 3 column groups can be expressed as follows. Herein, these
sequences are referred to as "weight- 1position sequences."[21] Li?l(,10 )
0 L l(,20) l1 L l(,30 ) 2 [22] Regarding the weight- 1 position sequence
for 0th columns in each column group, only the corresponding position
sequences can be expressed as follows for each column group. For example:
[23] 0 12 [24] 0 1I B [25] 0 10 14. [26] That is, the i[h weight- 1
position sequence in the i line sequentially represents the in 



formation on the positions of rows with 1 for the i"1column group. [27] It
is possible to generate an LDPC code having the same concept as that of a
DVBS2 LDPC code illustrated FIG. 4, by forming a parity-check matrix using
the in formation corresponding to the detailed example, and Rules 1 and 2.
[28] It is known that the DVB-S2 LDPC code designed in accordance with
Rules 1 and 2 can be efficiently encoded using the structural shape.
Respective steps in a process of performing LDPC encoding using the DVB-S2
based parity-check matrix will be described below by way of example. [29]
In the following description, as a detailed example, a DVB-S2 LDPC code
with N, q=15 undergoes an encoding process. For con venience, information
bits having a length K1 are represented as 0o" i "-"'AT,-I/ , and parity
bits having a length (Nr K,) are expressed as [30] Step 1: An LDPC encoder
initializes parity bits as follows: [32] Step 2: The LDPC encoder reads
information on rows where a 1 is located in a column group from a 0*
weight-1 position sequence out of the stored sequences in dicating the
parity-check matrix. [33] [34] 0 2084 1613 1548 1286 1460 3196 4297 2481
3369 3451 4620 2622iff = 1460. 2 = 3196. = 4297, 2481. i = 3369, -SU1 =
3451, = 4620. = 2622. [36] 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 a value of for = U...,13 [37] p o p o i o
, P 2(m = P2O64 i o> P i6i3 = P i6 i3 (c)'o" P l - Pl46Q = Pl460 (c) O>
P31% P3196 O P4297 = P4297 (r) P2481 = P248I 0 P3369 = P3369 O> P34S1 =
P3451 0> P4620 ~ P 4620 0 



0 (3) [38] In Equation (3), can also be expressed as P Ir- P x i0 , and Q
represents binary addition. [39] Step 3: The LDPC encoder determines a
value of Equation (4) for the next 359 in formation bits im (where m=l, 2 ,
..,, 359) after i0. t4  3 lA...,359 (4) [41] In Equation (4), x is a value
of . It should be noted that Equation (4) has the same concept as Equation
(2). [42] Next, the LDPC encoder performs an operation similar to Equation
(3) using the values found in Equation (4). That is, the LDPC encoder
updates parity bitsP{x+(m modM , )x<jr}mod( N1- K ) for im. For example,
for m=l, i.e., for 1, the LDPC encoder updates parity bits as defined in
Equation (5). [43] p 5 - p is f 2099 2099 (r) #628 P l628 (c) 2P 563 = 7IS
t Pl301 = P i (c) I " 475 = #475 (c) l > P m I = i321 1 (c) I" A312 = P4312
(c) l ' 2496 = P2496 #S384 384 3466 = -"3466 l> PAS33 = PAS35 (r) * (c) (5)
[44] In Equation (5), q=15. The LDPC encoder performs the above process for
m=l , 2, ..., 359, in the same manner as described above. [45] Step 4: As
in Step 2, the LDPC encoder reads information of the 1st weight- 1 position
sequence 



R (k 1,2,...,13) for a 361 stinformation bit i360, and updates a particular
px, where x is . The LDPC encoder updates by similarly applying Equation
(4) to the next 359 information bits i36 , i362, ..., i7|9 after i360. [46]
Step 5: The LDPC encoder repeats Steps 2, 3, and 4 for all groups each
having 360 information bits. [47] Step 6: The LDPC encoder finally
determines parity bits using Equation (6). [48] Pi = Pi Pi-x> 1 2 ... JV, -
1 - I (6) [49] The parity bits p of Equation (6) have undergone LDPC
encoding. [50] As described above, DVB-S2 performs encoding as described in
Steps 1 to 6. Disclosure of Invention Technical Problem[51] 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, LDPC codes having various codeword
lengths are needed to support various data rates according to the system
requirements in an adaptive commu nication system employing Hybrid
Automatic Retransmission reqQuest (HARQ) and Adaptive Modulation and Coding
(AMC), and also in a communication system supporting various broadcast
services. [52] However, as described above, the LDPC code used in the DVB
-S2 system has only two types of codeword lengths due to its limited use,
and each type of the LDPC code uses an independent parity-check matrix.
Accordingly, there is 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
transmitting signaling in formation. 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. 



However, because storing independent parity-check matrixes for respective
codeword lengths of the LDPC code may reduce memory efficiency, there is
also a need for a scheme capable of efficiently supporting various codeword
lengths from the existing parity-check matrix, without requiring a new
parity-check matrix. [53] It is noted that reliabilities of bits included
in high-order modulation symbolsare different when high-order modulation is
used in the communication system requiring an LDPC code with various
codeword lengths, unlike when the high-order modulation is applied in the
communication system employing only Binary Phase Shift Keying (BPSK) or
Quadrature Phase Shift Keying (QPSK). [54] In order to demonstrate the
reliability difference in high-order modulation, a de scription will now be
made below as to signal constellations for Quadrature Amplitude Modulation
(QAM), which is high-order modulation commonly used in commu nication
systems. A QAM-modulated symbol includes a real part and an imaginary part,
and various modulation symbols can be generated by differentiating
magnitudes and signs of their real parts and imaginary parts. QAM will be
described together with QPSK modulation in order to more clearly provide
the details of QAM characteristics. [55] (a) of FIG. 5 schematically
illustrates a signal constellation for a conventional QPSK modulation. [56]
Referring to (a) of FIG. 5, y0 determines a sign of a real part while yi
determines a sign of an imaginary part. That is, a sign of the real part is
plus (+) for yo=O, and minus (-) for yo=l. Also, a sign of the imaginary
part is plus (+) for yi=0, and minus (-) for yi = 1. Because y0 and yi are
equal in error occurrence probability, as they are sign in dication bits
that respectively indicate signs of the real part and the imaginary part,
reliabilities of (y0, yi) bits corresponding to one modulation signal are
equal in QPSK modulation. For yO and yl , the second subscript index q
indicates a q 1output of bits included in a modulation signal. [57] (b) of
FIG. 5 schematically illustrating a signal constellation for a conventional
16-QAM modulation. [58] Referring to (b) of FIG. 5, (y0, yi, y2, y3)
correspond to bits of one modulation signal. 



More specifically, bits y0 and y2 determine a sign and a magnitude of the
real part, re spectively, while bits Y1 and y3 determine a sign and a
magnitude of the imaginary part, respectively. That is, y0 and Y1 determine
signs of the real part and imaginary part of the modulation signal, while
y2 and y3determine magnitudes of the real part and imaginary part of the
modulation signal. Because distinguishing a sign of a modulated signal is
easier than distinguishing a magnitude of the modulated signal, y2 and
y3are higher in error occurrence probability than y0 and yi. Therefore, in
terms of non-error occurrence probabilities (i.e., reliabilities) of the
bits, yo=yi >y2=y3. That is, bits (y0, yi, Y2, y3), which are included in a
QAM modulation signal, unlike those of a QPSK modulation signal, have
different reliabilities. [59] In 16-QAM modulation, among 4 bits
constituting a signal, 2 bits determine signs of the real part and
imaginary part of the signal and the remaining 2 bits only need to
determine magnitudes of the real part and imaginary part of the signal.
Thus, orders of (y0, y y2, y3) and a role of each bit are subject to
change. [60] (c) of FIG. 5 schematically illustrates a signal constellation
for a conventional 64-QAM modulation. [61] From among (y0, yi, y2, y3, y4,
y5), which correspond to bits of one modulation signal, bits y0, y2, and y4
determine a magnitude and a sign of the real part, and y y3, and y5
determine a magnitude and a sign of the imaginary part. Here, y0 and Y1
determine signs of the real part and the imaginary part, respectively, and
a combination of y2and y4 and a combination of y3 and y5determine
magnitudes of the real part and the imaginary part, respectively. As
described above, because distinguishing signs of a modulated signalis
easier than distinguishing magnitudes of the modulated signal, reli
abilities of y0 and Y1 are higher than reliabilities of y2 y3, y4 and y5.
[62] The bits y2 and y3are determined depending on whether a magnitude of
the modulated symbol is greater or less than 4, and the bits y4 and y5are
determined according to whether the magnitude of the modulated symbol is
closer to 4 or 0, with 2 centered therebetween, or closer to 4 or 8 with 6
centered. Accordingly, a range in 



which the magnitude is determined by y2 and y3 is 4, while a range for y4
andy5 is 2. Therefore, y2 and y3 is higher than y4 andy5 in reliability. As
a result, yo=yi >y2=y3 >y4 =y5in terms of non-error occurrence
probabilities (i.e., reliabilities) of the bits. [63] In 64-QAM modulation,
of 6 bits constituting a signal, 2 bits determine signs of thereal part and
imaginary part of the signal and 4 bits only need to determine magnitudes
of the real part and imaginary part of the signal. Accordingly, orders of
(y0, yi, y2, y3, A , y5) and a role of each bit are subject to change. Even
in a signal constellation of 256-QAM or higher, the roles and reliabilities
of bits constituting a modulation signal are different as described above.
Accordingly, a detailed description thereof is to be omitted herein. [64]
To summarize, in BPSK or QPSK modulation, it is not necessary to consider a
modulation scheme when determining shortening and puncturing patterns
because as reliabilities of bits included in a symbol are equal,
reliabilities of codeword bits are also equal in an LDPC codeword that has
undergone shortening or puncturing. However, in high-order modulation such
as 16-QAM, 64-QAM, and 256-QAM, because the roles and reliabilities of bits
included in a symbol are different, when a modulation scheme and asignal
constellation/bit mapping (bit mapping on the signal constellation) scheme
have been determined, reliability of each codeword bit in an LDPC codeword,
after it undergoes shortening or puncturing, may be different from that of
the LDPC codeword before it undergoes shortening or puncturing. [65]
Therefore, there is a demand for an apparatus and method for generating an
LDPC code using shortening or puncturing in consideration of high-order
modulation. Technical Solution [66] The present invention hasbeen designed
to address at least the problems and/or disad vantages above and to provide
at least the advantages described below. Accordingly, an aspect of an
embodiment of the present invention is to provide a channel encoding/
decoding method and apparatus for generating, from a given LDPC code, an
LDPC code with a different codeword length using shortening or puncturing
determined in consideration of high-order modulation, and encoding and
decoding a channel using 



the generated LDPC code in a communication system. [67] Another aspect of
an embodiment of the present invention is to provide a channel
encoding/decoding method and apparatus for providing optimal performance
con sidering a DVB-S2 structure in a communication system using LDPC codes.
[68] In accordance with an aspect of an embodiment of the present
invention, amethod is provided for encoding a channel in a communication
system using a Low-Density Parity-Check (LDPC) code, in which a
transmission modulation scheme for a symbol is determined, columns
corresponding to an information word in a parity-check matrix of the LDPC
code are grouped into a plurality of column groups, the column groups are
ordered, a range of an information word desired to be obtained by
shortening is de termined, column group-by-column group shortening is
performed on the column groups in an order according to a shortening
pattern determined in consideration of thedetermined modulation scheme
based on the range of the information word, and the shortened information
word is LDPC-encoded. [69] In accordance with another aspect of an
embodiment of the present invention, an apparatus is provided for encoding
a channel in a communication system using a Low- Density Parity-Check
(LDPC) code. The apparatus includes a parity-check matrix extractor for
determining a transmission modulation scheme for a symbol, grouping columns
corresponding to an information word in a parity-check matrix of the LDPC
code into a plurality of column groups, and ordering the column groups, a
shortening pattern applier for determining a range of an information word
desired to be obtained by shortening, and based on the range of the
information word, performing column group-by-column group shortening on the
column groups in an order according to a shortening pattern determined in
consideration of the determined modulation scheme, and an LDPC encoder for
LDPC-encoding the shortened information word. [70] In accordance with
another aspect of an embodiment of the present invention, a method is
provided for decoding a channel in a communication system using a Low-
Density Parity-Check (LDPC) code, in which a signal transmitted from a
transmitter is demodulated, it is determined whether there is at least one
shortened bit in the de 



modulated signal, a position of the shortened information bit is determined
by e s timating information about a shortening pattern when there is at
least one shortened bit, and data is decoded using the determined position
of the shortened information bit. The information about the shortening
pattern includes a shortening pattern determined in consideration of a
modulation scheme. [71] In accordance with another aspect of an embodiment
of the present invention, there is provided an apparatus for decoding a
channel in a communication system using a Low- Density Parity-Check (LDPC)
code the apparatus includes a shortening pattern estimator for demodulating
a signal transmitted from a transmitter, determining whether there is at
least one shortened bit in the demodulated signal, and when there is at
least one shortened bit, determining a position of the shortened
information bit by estimating information about a shortening pattern, and a
decoder for decoding data using the determined position of the shortened
information bit. The information about the shortening pattern includes a
shortening pattern determined by consideration of a modulation scheme.
Advantageous Effects [72] The present invention can generate a separate
LDPC code with a different codeword length using information on the
parity-check matrix given in the communication system that uses high-order
modulation and an LDPC code. [73] In addition, the embodiments of the
present invention can perform shortening usingdifferent shortening patterns
according to modulation schemes. Brief Description of Drawings [74] The
above and other aspects, features, and advantages of certain embodiments of
the present invention will be more apparent from the following description
taken in con junction with the accompanying drawings, in which: [75] FIG. 1
illustrates an example of a parity-check matrix of a length-8 LDPC code;
[76] FIG. 2 illustrates a Tanner graph for a parity-check matrix of a
length-8 LDPC code; [77] FIG. 3 illustrates a schematic structure of a
DVB-S2 LDPC code; [78] FIG. 4 illustrates an example of a parity-check
matrix of a DVB-S2 LDPC code; 



[79] (a) of FIG. 5 schematically illustrates a signal constellation for a
conventional QPSK modulation used in a digital communication system; [80]
(b) of FIG. 5 schematically illustrates a signal constellation for a
conventional 16-QAM modulation used in a digital communication system; [81]
(c) of FIG. 5 schematically illustrates a signal constellation for a
conventional 64-QAM modulation used in a digital communication system; [82]
FIG. 6 is a block diagram of a transceiver in a communication system using
an LDPC code; [83] (a) of FIG. 7 illustrates an example of signal
constellation/bit mapping in 16-QAM modulation; [84] (b) of FIG. 7
illustrates an example of signal constellation/bit mapping modified by
shortening in 16-QAM modulation; [85] (a) of FIG. 8 illustrates an example
of signal constellation/bit mapping in 64-QAM modulation; [86] (b) of FIG.
8 illustrates an example of signal constellation/bit mapping modified by
shortening in 64-QAM modulation; [87] FIG. 9 illustrates a procedure for
generating an LDPC code with a different codeword length from a
parity-check matrix of a stored LDPC code according to an embodiment of the
present invention; [88] FIG. 10 illustrates a block diagram of a
transmission apparatus using a proposed shortened LDPC code according to an
embodiment of the present invention; [89] FIG. 11 illustrates a block
diagram of a transmission apparatus using a proposed shortened/punctured
LDPC code according to an embodiment of the present invention; [90] FIG. 12
illustrates a block diagram of a reception apparatus using an LDPC code to
which proposed shortening is applied, according to an embodiment of the
present invention; [91] FIG. 13 illustrates a block diagram of a reception
apparatus using an LDPC code to which proposed shortening and puncturing
are both applied, according to an embodiment of the present invention; and 



[92] FIG. 14 illustrates a flowchart of a reception operation of a
reception apparatus according to an embodiment of the present invention.
[93] Throughout the drawings, the same drawing reference numerals will be
understood to refer to the same elements, features and structures. Mode for
the Invention [94] The following description with reference to the
accompanying drawings is provided to assist in a comprehensive
understanding of the embodiments of the invention as defined by the claims
and their equivalents. It includes various specific details to assist in
that understanding, but these should not be construed as limitations.
Accordingly, those of ordinary skill in the art will recognize that various
changes and modifications of the embodiments described herein can be made
without departing from the scope and spirit of the present invention. In
addition, descriptions of well-known functions and constructions are
omitted for clarity and conciseness. [95] Further, the terms and words used
in the following description and claims are not limited to the
bibliographical meanings, but, are used by the inventor to enable a clear
and consistent understanding of the present invention. Accordingly, it
should be apparent to those skilled in the art that the following
description of the embodiments of the present invention are provided for
illustration purpose only and not for the purpose of limiting the invention
as defined by the appended claims and their equivalents. [96] The following
description of the embodiments of the present invention provides a method
for supporting an LDPC code with various codeword lengthssuitable for
highorder modulation, using a parity-check matrix of a structured LDPC code
with a particular form. In addition, the description of the embodiments of
the present invention provides an apparatus for supporting various codeword
lengths according to high-order modulation in a communication system using
an LDPC code in a particular form, and a method for controlling the same.
In particular, the description of the em bodiments of the present invention
provides a method for generating an LDPC code using a parity-check matrix
of a given LDPC code, the generated LDPC code being 



smaller than the given LDPC code, and an apparatus thereof. [97] FIG. 6 is
a block diagram of a transceiver in a communication system using an LDPC
code. [98] Referring to FIG. 6, a message u is input to an LDPC encoder 6
11 in a transmitter 610 before being transmitted to a receiver 630. The
LDPC encoder 611 encodes the input message u, and outputs the encoded
signal c to a modulator 613. The modulator 613 modulates the encoded signal
c, and transmits the modulated signal s to the receiver 630 over a wireless
channel 620. A demodulator 631 in the receiver 630 demodulates the received
signal r, and outputs the demodulated signal xto an LDPC decoder 633. The
LDPC decoder 633 decodes the demodulated signal x, resulting in an estimate
u of the message based on the data received through the wireless channel
620. [99] The LDPC encoder 611 generates a parity-check matrix according to
a codeword length required by a communication system, using a preset
scheme. Particularly, in ac cordance with an embodiment of the present
invention, an LDPC encoder will support various codeword lengths using the
LDPC code without the separate need for ad ditional stored information.
[100] In accordance with an embodiment of the present invention, a method
of acquiring various codeword lengths from a given LDPC code uses
shortening or puncturing. Methods that optimize performance by applying
shortening or puncturing to an LDPC code in accordance witha code rate or a
codeword length are currently known. However, in most cases, because the
known method of determining the shortening and puncturing patterns performs
the optimization process considering only Binary Phase Shift Keying (BPSK)
or Quadrature Phase Shift Keying (QPSK), only one optimized shortening
and/or puncturing pattern can exist for a given LDPC code. [101] However,
the puncturing and shortening patterns optimized when a signal con
stellation/bit mapping scheme has been determined in high-ordermodulation
can be different from those for BPSK or QPSK modulation. 



[102] In BPSK or QPSK modulation, because reliabilities of bits included in
a symbol are equal, reliabilities of codeword bits in an LDPC codeword
after it undergoes shortening or puncturing are also equal. Consequently,
there is no need to consider a modulation scheme in the process of
determining the shortening and puncturing patterns. However, as described
above, in high-order modulation such as 16-QAM, 64-QAM, and 256-QAM,
because reliabilities of bits included in a symbol are different, when a
modulation scheme and a signal constellation/bit mapping scheme have been
determined, reliability of each codeword bit in an LDPC codeword after it
undergoes shortening or puncturing may be different from that of the LDPC
codeword before it undergoes shortening or puncturing. [103] (a) of FIG. 7,
(b) of FIG. 7, (a) of FIG. 8, and (b) of FIG. 8 illustrate bit mapping
examples in which bits are mapped to a symbol according to degrees of
variable nodes in an LDPC codeword, for 16-QAM and 64-QAM, respectively.
More specifically, (a) of FIG. 7 illustrates an example of signal
constellation/bit mapping in 16-QAM modulation, and (b) of FIG. 7
illustrates an example of signal constellation/bit mapping modified by
shortening in 16-QAM modulation. For convenience, an LDPC codewordis
divided herein into an 8 or 12-bit partial block. [104] Referring to (a) of
FIG. 7, y0 and Y1 indicate high-reliability bits that determine signs of a
real part and an imaginary part in a 16-QAM symbol, respectively. That is,
r e liability relationship between the bits are yo= Y1>y2 = y . In (a) of
FIG. 7, because Y1 and y3are mapped to an LDPC codeword bit part
corresponding to the highest-degree variable nodes, 1/2 of the
highest-degree variable nodes are mapped to a high-re liability partwhile
the other 1/2 are connected to a low-reliability part. [105] Assuming that
the half of the highest-degree variable nodes have undergone shortening as
illustrated in (b) of FIG. 7, when symbol bits corresponding to the
nonshortened highest-degree variable node are considered in the shortened
LDPC codeword, 7/8 of a highest-degree variable node is mapped to y3 and
the other 1/8 is mapped to yl That is, the bit ratio is very different from
that before the shortening. 



[106] Similarly, (a) of FIG. 8 illustrates an example of signal
constellation/bit mapping in 64-QAM modulation, and (b) of FIG. 8
illustrates an example of signal constellation/ bit mapping modified by
shortening in 64-QAM modulation. [107] In (a) of FIG. 8, a reliability
relationship between bits included in a symbol is yo= yi >y2= y3>y4= ys. In
this case, it can be appreciated that 1/3 of variable nodes with the
highest degree in the LDPC codeword are mapped to the lowest-reliability
bit y5. However, when 2/3 of the highest-degree variable nodes undergo
shortening as i l lustrated in (b) of FIG. 8, it can be understood that 5/6
of the remaining non-shortened highest-degree variable node is mapped to
the lowest-reliability bit y5, so that the bit ratio is different from that
before the shortening. [108] When the high-order modulation scheme and the
signal constellation/bit mapping scheme are fixed for a given LDPC code as
described above, the shortening or puncturing pattern used in BPSK or QPSK
modulation may not be suitable because a ratio of the LDPC codeword bit
being mapped to each bit of a modulation symbol is very different according
to the shortening technique. [109] It is also known that in the case of an
LDPC code, degree distribution of a paritycheck matrix of its optimized
LDPC code is very different according to the modulation scheme. That is,
degree distribution of an LDPC code optimized for BPSK or QPSK modulation
and degree distributions of LDPC codes optimized for 16-QAM, 64-QAM, and
256-QAM are all different. [110] For similar reasons, it is obvious that
when it is assumed that an LDPC code having one degree distribution is
given, the optimized shortening or puncturing pattern is different
according to the high-order modulation scheme. Accordingly, a shortening
pattern should be determined considering an intended modulation scheme in
order to find an optimized shortening or puncturing pattern of an LDPC
code. [Ill] Shortening will be described below before a description of a
method for determininga shortening or puncturing pattern in consideration
of a modulation scheme is given. The term "shortening"as used herein refers
to a method that does not substantially transmit a specified part of an
LDPC codeword, after generating the LDPC codeword 



from a given particular parity-check matrix by performing LDPC encoding.
For a better understanding of shortening, a parity-check matrix of the
DVB-S2 LDPC code illustrated in FIG. 3 will be described in more detail
below. [112] For the parity-check matrix of the DVB-S2 LDPC code
illustrated in FIG. 3, the total length is Ni, length-Ki information bits
corresponds to a front part of the parity-check matrix, and length-(N r K )
parity bits corresponds to a rear part of the parity-check matrix.
Commonly, information bits freely have a value of 0 or 1, andthe shortening
technique restricts values of in formation bits in a particular part that
is subject to shortening. For example, shortening Ns information bits i0 to
commonly means that 0 = l N - I = . That is, by limiting values for N8
information bits i0 through 1N3 - I , to 0, the shortening technique can
obtain the same effect as substantially not using N leading columns in the
parity-check matrix of the DVB-S2 LDPC code illustrated in FIG. 3. The term
"shortening" actually originates from the above-described limitation
operation. Therefore, applying shortening herein also means considering
values of the shortened information bits, as 0. [ 1 13] With respect to the
shortening technique, when the system is set up,a transmitter and a
receiver can share or generate the same position information for the
shortened in formation bits. Therefore, though the transmitter has not
transmitted the shortened bits, the receiver can perform decoding, already
knowing that information bits in the positions corresponding to the
shortened bits have a value of 0. [114] In the shortening technique,
because a length of a codeword that the transmitter actually transmits is
Nr Ns and a length of an information word is Kr Ns, the code rate becomes
(K| - N,)/(N .Ns), which is always less than the first given code rate
KVNi. [115] Generally, a puncturing technique can be applied to both the
information bits and theparity bits. Although the puncturing technique and
the shortening technique commonlyreduce 



codeword lengths, the puncturing technique, unlike the shortening technique
described above, does not limit values of particular bits. [116] More
specifically, the puncturing technique is simply a method for not
transmitting particular information bitsor a particular part of generated
parity bits, such that a receiver can erase the corresponding bits. That
is, by simply not transmitting bits in Np predefined positions in a
generated length-N LDPC codeword, the puncturing technique obtains the same
effect as that obtained by transmitting a length-(N r Np) LDPC codeword.
Because columns corresponding to the punctured bits in the paritycheck
matrix are all used intact in a decoding process, the puncturing technique
is distinct from the shortening technique. [117] Further, in accordance
with an embodiment of the present invention, because position information
for the punctured bits can be shared or estimated in.common by the
transmitter and the receiver when the system is set up, the receiver may
merely erase the corresponding punctured bits, before decoding. [118] In
the puncturing technique, because a length of a codeword that the
transmitter actually transmits is Nr Np and a length of an information word
is constantly K1, the code rate becomes K /(Nr Np), which is always greater
than the first given code rate Ki /N1. [119] A description will now be made
of a shortening technique and a puncturing technique suitable for the
DVB-S2 LDPC code. The DVB-S2 LDPC code, as described above, is an LDPC code
having a particular structure. Therefore, compared with the normal LDPC
code, the DVB-S2 LDPC code is able to undergo more efficient shortening and
puncturing. [120] For convenience of this example, it is assumed that the
DVB-S2 LDPC code has a codeword length and an information length are Ni and
Ki, respectively, and a codeword length and an information length of an
LDPC code that are desired to be finally obtained from the DVB-S2 LDPC code
using the shortening technique and the puncturing technique are N2 and K2,
respectively. 



[121] If a definition of NrN 2=N and K1-K2=K is given, it is possible to
generate the LDPC code whose codeword length and information length are N2
and K2, respectively, by shortening Kbits and puncturing (N-K) bits from
the parity-check matrix of the DVBS2 LDPC code. For the generated LDPC code
with N>0 or K>0, because its code rate is generally different from the code
rate Kl/Nl of the DVB-S2 LDPC code, its algebraic characteristic changes.
ForK , the LDPC code is generated by not performing shortening and
puncturing or by performing only shortening. [122] However, regarding the
DVB-S2 LDPC code, as described i Rules 1 and 2, as one R (k 1,2,..,D1, =I K
M1, J=0,...,M 1 -1) value corresponds to M columns, a total of Kl/Nl column
groups each have a structural shape. Therefore, the DVB-S2 LDPC code is
equal to an LDPC code that does not use Mi columns, if it does not use one
value. The following shortening process, which will be described with
reference to FIG. 9, is proposed considering such characteristics. [ 123]
FIG. 9 illustrates a procedure for generating an LDPC code with a different
codeword length from a parity-check matrix of a stored LDPC code according
to an embodiment of the present invention. [124] Referring to FIG. 9, an
LDPC encoder determines a transmission modulation scheme for a symbol in
step 901 , and reads column group information of a DVB-S2 LDPC code to be
subjected to shortening in step 903. That is, the LDPC encoder reads stored
parity-check matrix information. Thereafter, the LDPC encoder determines a
codeword length N2and an information length K2based on the column group
information of the DVB-S2 LDPC code in step 905. Thereafter, the LDPC
encoder performs a shortening process of steps 907 to 913, in which the
LDPC encoder performs shortening corre sponding to a required information
length of an LDPC code, based on the read in formation of the stored
parity-check matrix. [125] Shortening Step 1: The LDPC encoder determines 



in step 907, where is a maximum integer which is less than or equal to x.
[126] Shortening Step 2: The LDPC encoder selects a sequence for (A+l)
column groups from among R ( I KjM1) column groups in step 909. The
selected sequence is defined as. The LDPC encoder considers that there is
no sequence for the remaining KJM 1 -A-I column groups except for the
partial sequence in the sequence [ 127] Shortening Step 3: The LDPC encoder
determines positions of column groups corre sponding to an information word
of the DVB-S2 LDPC code from the sequence of (A+l) column groups selected
in Shortening Step 2, generating a shortened DVBS2 LDPC code in step 9 11.
It should be noted that the shortened LDPC code has an in formation length
(A+l )M1 , which is always greater than or equal to K2- [128] Shortening
Step 4: The LDPC encoder additionally shortens (A+l)M r K2 columns from the
shortened LDPC code generated in Shortening Step 3 in step 913. [129] In
Shortening Step 4, the additional shortening is more easily implemented if
the process is sequentially performed from the rear or the front of the
column group where the additional shortening is achieved. [130] As
described above, an embodiment of the present invention applies an
efficient shortening technique that does not use information on column
groups of the DVB-S2 LDPC code depending on the structural features of the
DVB-S2 LDPC code, compared with a conventional bit-by-bit shortening
technique, which is commonly used for shortening of the DVB-S2 LDPC code.
[131] Selection criteria of a sequence for column groups can be summarized
as follows in Step 2 in the shortening process of the DVB-S2 LDPC code.
[132] Criterion 1: The LDPC encoder selects a shortening pattern sequence
for column groupsdefined such that optimal degree distribution obtainable
by considering a 



modulation scheme given for a normal LDPC code with a codeword length N2
and an information length K2is as similar as possible to degree
distribution of a shortened LDPC code with a codeword length N2and an
information length K2, obtained by performing shortening on a DVB-S2 LDPC
code with a codeword length Ni and an in formation length K . [133]
Criterion 2: The LDPC encoder selects a shortening pattern sequence for
column groupbdefined to provide a code having the good cycle characteristic
on the Tanner graph among the shortened codes selected in Criterion 1. In
accordance with an embodiment of the present invention, regarding a
criterion for a cycle characteristic, the LDPC encoder selects a sequence
where the minimum-length cycle in the Tanner graph is as large as possible
and the number of the minimum- length cycles is as small possible. [134]
The optimal degree distribution of the normal LDPC code in which the
modulation scheme is considered, can be found out in Criterion 1 using a
density evolution analysis method, various implementations of which are
known in the art. However, because the process of determining the degree
distribution using the density evolution method is not essential to the
understanding of the present invention, a detailed de scription thereof
will not be provided. [135] If the number of all possible (shortening
pattern) sequences for the column groups is not great, the LDPC encoder may
select (shortening pattern) sequence for the column group having the best
performance by fully searching all the sequences regardless of Criterionsl
and 2. However, the selection criteria for column groups, applied in
Shortening Step 2 for the DVB-S2 LDPC code enable to efficiently select a
(shortening pattern)by selecting an LDPC code satisfying the both
conditions when the number of all possible (shortening pattern) sequences
for the column group is too large. [136] Criterion 1 and Criterion 2 are
applied when N2 and K2 are fixed values. However, if values of N2 and K2
required in the system are varying, the shortening patterns optimized
according to the value of K2 may have no correlation. That is, when the 



values of N2 and K2 required in the system are varying, all of shortening
patterns optimized according to the value of K2 should be stored
separately, for optimized per formance. [137] Therefore, for system
efficiency, suboptimal shortening patterns can be found, as will be
described below, when the values of N2 and K2required in the system are
varying. [138] [139] Finding A Suboptimal Shortening Pattern Sequence [140]
Assuming that selection of one column group is needed for shortening,
because the number of selectable columngroups is only one, it is possible
to select a column group having the best performance. When selection of two
column groups is needed for shortening, one column group showing the best
performance, together with the already selected column group, are selected
from the remaining column groups. Similarly, when selection of i column
groups is needed for shortening, one column group having the best
performance, together with (i-1) column groups selected in the previous
step for shortening, are selected from the remaining column groups. [141]
Though the above method cannot guarantee optimal selection for all cases,
it has relatively stable performance from the shortening pattern having one
regular rule, regardless of the change in the value of K2.Therefore, the
above-described the method has advantages of relatively stable performance
and easy storage of shortening patterns. [142] A DVB-S2 LDPC code having a
total of G column groups corresponding to in formation bits will be
described below by way of example. Assuming that orders of column groups,
which are subjected to shortening in accordance with the method of
determining shortening patterns are set as B1, B2, B3, ..., Bx , when only
the sequence meaning the orders of the column groups is stored, efficient
shortening is possible for an arbitrary K2 through Shortening Step 1 to
Shortening Step 4. [143] In order to show an example of the difference
between shortening patterns found according to respective modulation
schemes using the above methods, Table IA and Table IB below show
shortening methods and shortening patterns suboptimized for 



BPSK/QPSK, 16-QAM, and 64-QAM modulations with regard to a DVB-S2 LDPC code
with a codeword length Ni= 16200 and an information length Ki=7200. [144]
Table IA [145][146] Table IB [147][148] Referring to Table IA and Table IB,
it can be appreciated that when a length of in formation bits to be
shortened is determined, the shortening method is performed through a
predetermined process regardless of the modulation scheme, but the rela
tionships between permutation functions indicating optimized shortening
patterns are all different according to modulation schemes. That is, when
the shortening method is applied without considering the modulation scheme,
significant performance degradation may occur according to modulation
schemes. [149] The suboptimized shortening patterns shown in Table IB,
found for the shortening method in Table IA, may not be unique according to
conditions for finding the shortening patterns. For example, several column
groups may exist that show similar performance in the interim process
described above, i.e., Finding ASuboptimal Shortening Pattern Sequence. In
this case, because selection of the next column groups may differ according
to selection of column groups, the suboptimized shortening patterns may not
be unique according to performance difference of the shortening process.
Actually, shortening patterns shown in Table 1C also provide excellent per
formance, similar to the shortening method performance shown in Table
IA.[150] [151] [152] The bit mapping methods corresponding to the signal
constellations used in 16-QAM and 64-QAM modulations of Table 1C are the
results obtained by applying the same bit mapping methods as those
illustrated in (a) of FIG. 7, (b) of FIG. 7, (a) of FIG. 8, and (b) of FIG.
8. [153] Referring back to FIG. 9, after step 913, when puncturing is
needed, the LDPC encoder applies puncturing in the LDPC encoding process in
step 915. The puncturing method will now be described below. 



[154] Assuming that a codeword length and an information length of an LDPC
code are N2 and K2, respectively, that the invention desires to finally
obtain from the DVB-S2 LDPC code whose codeword length and information
length are Ni and K1, re spectively, using the shortening technique and the
puncturing technique, and that a definition of Ni-N2=Nand Ki-K2=K is given,
it is possible to generate the LDPC code having a codeword length and
information length of N2 and K2, respectively, by shortening K bits and
puncturing (N-K) bits from the parity-check matrix of the DVBS2 LDPC code.
For convenience, when it is assumed that the puncturing technique is
applied only to the parity part, there is a possible method for puncturing
1 bit from the parity part every (Ni-Ki)/(N-K) bits because the parity
length is Ni-Ki. However, various other puncturing methods are also
available. [155] FIG. 10 illustrates a block diagram of a transmission
apparatus using a shortened LDPC code according to an embodiment of the
present invention.[156] Referring to FIG. 10, a transmission apparatus
includes a controller 1010, a shortening pattern applier 1020, an LDPC code
parity-check matrix extractor 1040, and an LDPC encoder 1060. The LDPC code
parity-check matrix extractor 1040 extracts an LDPC code parity-check
matrix that has undergone shortening. The LDPC code parity-check matrix can
be extracted using a memory, can be given in the transmission apparatus, or
can be generated in the transmission apparatus. In addition, the LDPC code
parity-check matrix extractor 1040 determines a transmission modulation
scheme for a transmission symbol, groups columns corresponding to an in
formation word in the parity-check matrix of the LDPC code into a plurality
of column groups, and orders the column groups. [157] The shortening
pattern applier 1020 determines a range of an information word it desires
to obtain through shortening, and based on the range of the information
word, performs column group-by-column group shortening on the column groups
in an order according to a shortening pattern determined in consideration
of the determined modulation scheme. [158] The controller 1010 controls the
shortening pattern applier 1020 to determine a 



shortening pattern according to the transmission modulation scheme and the
in formation length, and the shortening pattern applier 1020 inserts bits
having a value of 0 in positions corresponding to the shortened bits, or
removes columns corresponding to the shortened bits from a parity-check
matrixof a given LDPC code. The shortening pattern can be a shortening
pattern stored in a memory, generated using a sequence generator (not
shown), or acquired using a density evolution analysis algorithm for a
parity-check matrix and a given information length. [159] The LDPC encoder
1060 performs encoding based on the LDPC code shortened by the controller
1010 and the shortening pattern applier 1020. [160] FIG. 11 illustrates a
block diagram of a transmission apparatus for a DVB-S2 LDPC code using both
shortening andpuncturing. More specifically, the transmission apparatus of
FIG. 11 also includes a puncturing pattern applier 1180 when compared to
the transmission apparatus of FIG. 10. [161] Referring to FIG. 11,
shortening is performed at an input stage of the LDPC encoder 1060, and
puncturing is performed at an output stage of the LDPC encoder 1060. The
puncturing pattern applier 1180 applies puncturing to an output of the LDPC
encoder 1060. The method of applying puncturing has been described above in
step 915 of FIG. 9. [162] FIG. 12 illustrates a block diagram of a
reception apparatus using an LDPC code to which shortening is applied,
according to an embodiment of the present invention. More specifically,
FIG. 12 illustrates an example of a reception apparatus that receives a
signal transmitted from a communication system using the shortened DVB-S2
LDPCcode, and recovers user-desired data from the received signal when it
detects a transmission modulation scheme and a length of the shortened
DVB-S2 LDPC code from the received signal. [163] Referring to FIG. 12, the
reception apparatus includes a controller 1210, a shortening pattern
determination/estimation unit 1220, a demodulator 1230, and an LDPC decoder
1240. The demodulator 1230 receives and demodulates a shortened LDPC code,
and provides the demodulated signal to the shortening pattern
determination/estimation 



unit 1220 and the LDPC decoder 1240. The shortening pattern
determination/es timation unit 1220, under the control of the controller
1210, estimates or determines in formation on a shortening pattern of an
LDPC code from the demodulated signal, and provides position information of
the shortened bits to the LDPC decoder 1240. De termining or estimating the
shortening patterns in the shortening pattern determination/es timation
unit 1220 can use shortening patterns stored in a memory, can generate
shortening patterns using a sequence generator (not shown), or can obtain
shortening patterns using a density evolution analysis algorithm for a
parity-check matrix and a given information length. [164] The controller
1210 controls the shortening pattern determination/estimation unit 1220 to
deliver a shortening pattern to the LDPC decoder 1240 depending on the
modulation scheme and the information length. Because the probability that
values of the shortened bits will be zero is 1 (i.e., 100%), the LDPC
decoder 1240 determines whether or not it will allow the shortened bits to
take part in its decoding operation depending on the value 1 of the
probability that the shortened bits would be zero. [165] When the LDPC
decoder 1240 receives information on a length of the DVB-S2 LDPC code
shortened by the shortening pattern determination/estimation unit 1220, it
restores the user-desired data from the received signals. [166] FIG. 13
illustrates a block diagram of a reception apparatus using an LDPC code to
which shortening and puncturing are applied, according to an embodiment of
the present invention. More specifically, the reception apparatus
illustrated FIG. 13 includes a shortening/puncturing pattern
determination/estimation unit 1320 that replaces the shortening pattern
determination/estimation unit 1220 in the reception apparatus illustrated
in FIG. 12. [167] Referring to FIG. 13, when both shortening and puncturing
are applied in the transmission apparatus, the shortening/puncturing
pattern determination/estimation unit 1320 in the reception apparatus may
perform pattern determination or estimation on the shortening first,
perform pattern determination or estimation on the puncturing 



first, or make pattern determination or estimation on both the shortening
and puncturing. [168] The LDPC decoder 1240 should have information about
both shortening andpuncturing to perform decoding. [169] FIG. 14
illustrates a flowchart of a reception operation of a reception apparatus
according to an embodiment of the present invention. [170] Referring to
FIG. 14, a demodulator 1230 receives and demodulates a shortened LDPC code
in step 1401. In step 1403, a shortening pattern determination/estimation
unit 1220 determines or estimates shortening/puncturing patterns from the
de modulated signal. [171] The shortening pattern determination/estimation
unit 1220 determines in step 1405 whether there are any shortened or
punctured bits. If there are no shortened or punctured bits, an LDPC
decoder 1240 performs decoding in step 1411. However, if there are
shortened or punctured bits, the shortening pattern
determination/estimation unit 1220 delivers position information of the
shortened/punctured bits to the LDPC decoder 1240 in step 1407. [172] In
step 1409, based on the position information of the shortened/punctured
bits, the LDPC decoder 1240 determines that the probability that values of
the shortened bits will be 0 is 1, and determines that the punctured bits
are erased bits. Thereafter, the LDPC decoder 1240 performs LDPC decoding
in step 141 1. [173] While the present inventionhas been shown and
described with reference to certain embodiments thereof, it will be
understood by those skilled in the art that various changes in form and
details may be made therein without departing from the spirit and scope of
the present invention as defined by the appended claims.Claims [1] A method
for encoding a channel using a Low-Density Parity-Check (LDPC) code in a
communication system including a parity-check matrix extractor, a
shortening pattern applier, and an LDPC encoder, the method comprising:
determining a modulation scheme for transmitting a symbol; determining a
shortening pattern in consideration of the determined modulation 



scheme; grouping columns corresponding to an information word in a
parity-check matrix of the LDPC code into a plurality of column groups;
ordering the column groups; determining a range of a resulting information
word desired to be obtained by shortening the information word; based on
the range of the resulting information word, performing, column groupby-
column group shortening on the ordered column groups of the information
word, according to the determined shortening pattern; and LDPC-encoding the
shortened information word. [2] The method of claim 1, wherein
reliabilities of bits included in a modulation symbol and a degree of a
variable node are considered in determining the shortening pattern. [3] The
method of claim 1, wherein when the LDPC code has a codeword length of
16200 and an information length of 7200 shortening is performed using one
of a plurality of shortening patterns as shown below:where p denotes a
permutation function indicating the shortening pattern. [4] The method of
claim 1, wherein when the modulation scheme is 16-QAM, a codeword length is
16200 and an information length is 7200, a sequence of shortened
information column groups is 18, 17, 16, 15, 14, 13, 12, 11, 4, 10, 9, 8,
7, 3, 2, 1, 6, 5, 19, and 0. [5] The method of claim 1, wherein when the
modulation scheme is 64-QAM, a codeword length is 16200 and an information
length is 7200, a sequence of shortened information column groups is 18,
17, 16, 4, 15, 14, 13, 12, 3, 11, 10, 9, 2, 8, 7, 1, 6, 5, 19, and 0. [6]
The method of claim 1, further comprising: performing, shortening
additional columns from the shortened LDPC code when resulting information
word is not equal to the information word shortened by column group-by
column group shortening. 



[7] The method of claim 6, further comprising: the additional shortening is
performed from the rear or the front of the column group wher the
additional shortening is achieved. [8] A method for encoding a channel
using a Low-Density Parity-Check (LDPC) code in a communication system
including a parity-check matrix extractor, a shortening pattern applier,
and an LDPC encoder, the method comprising: performing, by the shortening
pattern applier, column group-by-column groupshortening according to the
shortening patterns as shown below, wherein when the modulation scheme is
16-QAM: where p denotes a permutation function. [9] The method of claim 8,
wherein reliabilities of bits included in a modulation symbol and a degree
of a variable node are considered in determining the shortening pattern.
[10] A method for encoding a channel using a Low-Density Parity-Check
(LDPC) code in a communication system including a parity-check matrix
extractor, a shortening pattern applier, and an LDPC encoder, the method
comprising: performing, by the shortening pattern applier, column
group-by-column group shortening according to the shortening patterns as
shown below, wherein when the modulation scheme is 64-QAM: where p denotes
a permutation function. [H] The method of claim 10, wherein reliabilities
of bits included in a modulation symbol and a degree of a variable node are
considered in determining the shortening pattern. [12] An apparatus for
encoding a channel in a communication system using a Low- Density
Parity-Check (LDPC) code, the apparatus comprising: a parity-check matrix
extractor for extracting the LDPC parity-check matrix for shortening; a
shortening pattern applier for based on the range of a resulting
information word, performing column group-by-column group shortening on the
ordered 



column groups of the informationword according to a shortening pattern de
termined in consideration of the determined modulation scheme; and an LDPC
encoder for LDPC-encoding the shortened information word. [13] The
apparatus of claim 12, wherein reliabilities of bits included in a
modulationsymbol and a degree of a variable node are considered in
determining the shortening pattern. [14] The apparatus of claim 12, wherein
when the LDPC code has a codeword length of 16200 and an information length
of 7200 the shortening pattern is determined from one of a plurality of
shortening patterns as defined by: where p denotes a permutation function
that indicates the shortening pattern. [15] The apparatus of claim 12,
wherein when the modulation scheme is 16-QAM, a codeword length is 16200
and an information length is 7200, a sequence of shortened information
column groups is 18, 17, 16, 15, 14, 13, 12, 11, 4, 10, 9, 8, 7, 3, 2, 1,
6, 5, 19, and 0. [16] The apparatus of claim 12, wherein when the
modulation scheme is 64-QAM, a codeword length is 16200 and an information
length is 7200, a sequence of shortened information column groups is 18,
17, 16, 4, 15, 14, 13, 12, 3, 11, 10, 9, 2, 8, 7, 1, 6, 5, 19, and 0. [17]
The apparatus of claim 12, wherein the shortening pattern applier performs
shortening additional columns from the shortened LDPC code when resulting
in formation word is not equal to the information word shortened by column
groupby column group shortening. [18] The apparatus of claim 12, wherein
the additional shortening is performed from the rear or the front of the
column group wher the additional shortening isachieved. [19] An
apparatusfor encoding a channel using a Low-Density Parity-Check (LDPC)
code in a communication system including a parity-check matrix extractor, a
shortening pattern applier, and an LDPC encoder, the apparatus comprising:
the shortening pattern applier for performing column group-by-column group
shortening according to the shortening patterns as shown below, wherein
when 



the modulation scheme is 16-QAM: where p denotes a permutation function.
[20] An apparatus for encoding a channel in a communication system using a
Low- Density Parity-Check (LDPC) code, the apparatus comprising: a
parity-check matrix extractor for determining a modulation scheme for
transmitting a symbol, grouping columns corresponding to an information
word in a parity-check matrix of the LDPC code into a plurality of column
groups, and ordering the column groups; a shortening pattern applier for
determining a range of a resulting information word desired to be obtained
by shortening the information word, and based on the range of the resulting
information word, performing column groupby- column group shortening on the
ordered column groups of the information word according to a shortening
pattern determined in consideration of the de termined modulation scheme;
and an LDPC encoder for LDPC-encoding the shortened information word;
wherein when the modulation scheme is 64-QAM, a codeword length is 16200,
and an information length is 7200, the shortening pattern defined by: where
p denotes a permutation function that indicates the shortening pattern.
[21] A method for encoding a channel using a Low-Density Parity-Check
(LDPC) code in a communication system including a parity-check matrix
extractor, ashortening pattern applier, and an LDPC encoder, the method
comprising: determining a modulation scheme for a transmission symbol;
performing shortening on an information word in a parity-check matrix of
the LDPC code using a different shortening pattern according to the
determined modulation scheme; and LDPC-encoding the shortened information
word; wherein the different shortening pattern includes shortening patterns
defined by: where p denotes a permutation function that indicates the
shortening pattern. [22] The method of claim 21, wherein reliabilities of
bits included in a modulation 



symbol and a degree of a variable node are considered in determining the
shortening pattern. [23] The method of claim 21, wherein when the
modulation scheme is 16-QAM, a codeword length is 16200, and an information
length is 7200, a sequence of shortened information column groups is 18,
17, 16, 15, 14, 13, 12, 11, 4, 10, 9, 8, 7, 3, 2, 1, 6, 5, 19, and 0. [24]
The method of claim 21, wherein when the modulation scheme is 64-QAM, a
codeword length is 16200, and an information length is 7200, a sequence of
shortened information column groups is 18, 17, 16, 4, 15, 14, 13, 12, 3,
11, 10, 9, 2, 8, 7, 1, 6, 5, 19, and 0. [25] A method for decoding a
channel using a Low-Density Parity-Check (LDPC)code in a communication
system including a shortening pattern estimator and a decoder, the method
comprising: demodulating a signal transmitted from a transmitter;
determining whether there is at least one shortened bit in the demodulated
signal; when there is at least one shortened bit, determining a position of
the at least one shortened bit by estimating information about a shortening
pattern; and decoding data using the determined position of the shortened
bit; wherein the shortening pattern is determined in consideration of a
modulation scheme. [26] The method of claim 25, wherein reliabilities of
bits included in a modulation symbol and a degree of a variable node are
considered in determining the shortening pattern. [27] The method of claim
25, wherein when the modulation scheme is 16-QAM, a codeword length is
16200, and an information length is 7200, position values of shortened
information bits include 18, 17, 16, 15, 14, 13, 12, 11, 4, 10, 9, 8, 7, 3,
2, 1, 6, 5, 19, and 0. [28] The method of claim 25, wherein the modulation
scheme is 64-QAM, a codeword length is 16200, and an information length is
7200, position values of 



shortened information bits include 18, 17, 16, 4, 15, 14, 13, 12, 3, 11,
10, 9, 2, 8, 7, 1, 6, 5, 19, and 0. [29] A method for decoding a channel
using a Low-Density Parity-Check (LDPC) code in a communication system
including a shortening pattern estimator and a decoder, the method
comprising: decoding, by the decoder, data using the determined position of
the shortened bitbased on a shortening pattern; wherein the shortening
pattern is determined in consideration of a modulation scheme, and when the
modulation scheme is 16-QAM, a codeword length is 16200, and an information
length is 7200, the shortening pattern is defined by: where p denotes a
permutation function. [30] A method for decoding a channel using a
Low-Density Parity-Check (LDPC) code in a communication system including a
shortening pattern estimator anda decoder, the method comprising:decoding,
by thedecoder, data using the determined position of the shortened bit
based on a shortening pattern; wherein the shortening pattern is determined
in consideration of a modulation scheme, and when the modulation scheme is
64-QAM, a codeword length is 16200, and an information length is 7200, the
shortening pattern is defined by: where p denotes a permutation. [31] An
apparatus for decoding a channel in a communication system using a Low-
Density Parity-Check (LDPC) code, the apparatus comprising: a shortening
pattern estimator for determining a position of the at least one shortened
bit by estimating information about a shortening pattern; and a decoder for
decoding data using the determined position of the shortened bit; wherein
the shortening pattern is determined in consideration of a modulation
scheme. [32] The apparatus of claim 31, wherein reliabilities of bits
included in a modulation symbol and a degree of a variable node are
considered in determining the 



shortening pattern. [33] The apparatus of claim 31, wherein when the LDPC
code has a codeword length of 16200 and an information length of 7200, the
shortening pattern is selected from a plurality of different shortening
patterns defined by:where p denotes a permutation function that indicates
the shortening pattern. [34] The apparatus of claim 31, wherein when the
modulation scheme is 16-QAM, a codeword length is 16200, and an information
length is 7200, position values of shortened information bits comprise 18,
17, 16, 15, 14, 13, 12, 11, 4, 10, 9, 8, 7, 3, 2, 1, 6, 5, 19, and 0. [35]
The apparatus of claim 31, wherein the modulation scheme is 64-QAM, a
codeword length is 16200, and an information length is 7200, position
values of shortened information bits comprise 18, 17, 16, 4, 15, 14, 13,
12, 3, 11, 10, 9, 2, 8, 7, 1, 6,5, 19, and 0. [36] An apparatus for
decoding a channel in a communication system using a Low- Density
Parity-Check (LDPC) code, the apparatus comprising: a decoder for decoding
data using the determined position of the shortened bit based on a
shortening pattern; wherein the shortening pattern determined in
consideration of a modulation scheme, and when the modulation scheme is
16-QAM, a codeword length is 16200, and an information length is 7200, the
shortening pattern defined by:where p denotes a permutation function. [37]
An apparatus for decoding a channel in a communication system using a Low-
Density Parity-Check (LDPC) code, the apparatus comprising: a decoder for
decoding data using the determined position of the shortened bit based on a
shortening pattern; wherein the shortening pattern determined in
consideration of a modulation scheme, and when the modulation scheme is
64-QAM, a codeword length is 16200, and an information length is 7200, the
shortening pattern defined by: where p denotes a permutation function. 




