
METHOD AND APPARATUSFOR ENCODINGAND DECODING CHANNEL
INA COMMUNICATION SYSTEM USING LOW-DENSITY
PARITY-CHECKCODES BACKGROUND OF THE INVENTION 1. Field
of the Invention The present invention relates
generally to a communication system using Low-Density
Parity-Check (LDPC) codes, and in particular, to a
channel encoding/decoding method and apparatus for
generating LDPC codes having various codeword lengths
and code rates from a given LDPC code. 2. Description
of the Related Art In wireless communication systems,
the 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
requiring high data throughput and reliability, such
as the next-generation mobile communication, digital
broadcasting, and portable internet, it is necessary
to develop a technology for eliminating noise, fading,
and ISI. Recently, an intensive study of an
error-correcting code has been conducted as a method
for increasing communication reliability by
efficiently recovering distorted information. An LDPC
code, first introduced by Gallager in 1960s, has lost
favor over time due to its implementation complexity
which could not be resolved by the technology at that
time. However, as the turbo code, which was discovered
by Berrou, Glavieux, and Thitimajshima in 1993, shows
the performance approximating Shannon's channel limit,
research has been conducted on iterative decoding and
channel encoding based on a graph along with analyses
on performance and characteristic of the turbo code.
Due to this research, the LDPC code was restudied in
the late 1990s, and proved that LDPC code has
performance approximating the Shannon's channel limit
if it undergoes decoding by applying iterative
decoding based on a sum-product algorithm on a Tanner
graph (a special case of a factor graph) corresponding
to the LDPC code. The 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 ofchannel
codes is useful for description of codes, and by
mapping information on encoded bits to vertexes in the
graph and mapping relations between the bits to edges
in the graph, it is 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. The LDPC
code is generally defined as a parity-check matrix,
and can be represented using a bipartite graph, which
is referred to as a Tanner graph. The bipartite graph
means that vertexes constituting the graph are divided
into two different types, and the LDPC code is
represented with the bipartite graph composed of
vertexes, some of which are called variable nodes and
the other of which are called check nodes. The
variable nodes are one-to-one mapped to the encoded
bits. With reference to FIGs. 1 and 2, a description
will be made of a graph representation method for the
LDPC code. FIG. 1 shows an example of a parity-check
matrix H1 of the LDPC code composed of 4 rows and 8
columns. Referring to FIG. 1, since the number of
columns is 8, the parity-check matrix Hi means an LDPC
code that generates a length-8 codeword, and the
columns are mapped to 8 encoded bits. FIG. 2 is a
diagram illustrating a Tanner graph corresponding to
Hi of 



FIG. 1. Referring to FIG. 2, the Tanner graph of the
LDPC code is composed of 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 row in the parity-check
matrix H1 of the LDPC code are mapped to a variable
node X and a j th check node, respectively. In
addition, a value of 1, i.e., a non zero value, at the
point where an ith column and a j th row in the
parity-check matrix Hi of the LDPC code cross each
other, means that there is an edge between the
variable node x and the j th check node on the Tanner
graph of FIG. 2. In the Tanner graph of the LDPC code,
a degree of the variable node and a check node means
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 rowcorresponding to the
associated node in the parity-check matrix of the LDPC
code. For example, in FIG. 2, degrees of the variable
nodes xi (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 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 H1
of FIG. 1, which correspond to the variable nodes of
FIG. 2, are coincident 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 H1 of FIG. 1,
which correspond to the check nodes of FIG. 2, are
coincident with their degrees 6, 5, 5 and 5. In order
to represent 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, f2=4/8, f3=3/8, f4=l/8, and f =O for i
2, 3, 4; and g5=3/4, g6=l/4, and gj=O for j 5, 6. When
a length of the LDPC code is defined as N, i.e., the
number of columns is 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 Equation (1).
In Equation (1), as N increases, the density of T s in
the parity-check matrix decreases. Generally, as for
the LDPC code, since 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. The
wording 'low-density' in the name of the LDPC code
originates from the above-mentioned relationship.
Next, with reference to FIG. 3, a description will be
made of characteristics of a parity-check matrix of a
structured LDPC code to be applied in the present
invention. FIG. 3 schematically illustrates an LDPC
code adopted as the standard technology in DVB-S2,
which is one of the European digital broadcasting
standards.In FIG. 3, N 1 denotes a length of an LDPC
codeword, K provides a length of an information word,
and (N 1- 1) provides a parity length. Further, M1 and
q are determined to satisfy q=QSf\-K{)IM \ .
Preferably, K \ IM \ should be an integer. For
convenience, the parity-check matrix of FIG. 3 is
called a first paritycheck matrix H1. Referring again
to FIG. 3, a structure of a parity part, i.e., K \ h
column through (N 1-I)* 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' . In the
parity-check matrix, a structure of an information
part, i.e., 0th column through (/C1-I)* column, is
made using the following rules. Rule 1: It generates a
total of K \IM \ column groups by grouping K \ columns
corresponding to the information word in the
parity-check matrix into multiple groups of M1
columns.. A method for forming columns belonging to 



each column group follows Rule 2 below. Rule 2: It
first determines positions of T s in each 0th column
in / column groups (where i=\,...,K /M \ ). When a
degree of a 0th column in each /th column group is
denoted by D h if positions of rows with 1 are assumed
to be R R^,..., R , positions B {k =1,2,..., D1) of
rows with 1 are defined as Equation (2), in a -th
column (where j=l,2,... ,M1-I) in an th column group.
According to the above rules, it is can be appreciated
that degrees of columns belonging to an z column group
are all equal to D . For a better understanding of a
structure of a DVB-S2 LDPC code that stores
information on the parity-check matrix according to
the above rules, the following detailed example will
be described. As a detailed example, for N i=30, K
=\5, M =5 and g=3, three sequences for the information
on the position of rows with 1 (hereafter, these
sequences are called "Weight-1 Position Sequences" for
convenience' sake) for 0th columns in 3column groups
can be expressed as; 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 convenience'
sake. For example: 0 1 2 0 11 13 0 10 14. In other
words, the zth weight- 1 position sequence in the zth
lineuence of the th line sequentially represents the
information on the position of rows with 1 for the 7th
column group. It is possible to generate an LDPC code
having the same concept as that of a DVB-S2 LDPC code
of FIG. 4, by forming a parity-check matrix using the
information corresponding to the detailed example, and
Rule 1 and Rule 2. It is known that the DVB-S2 LDPC
code designed in accordance with Rule 1 and Rule 2 can
be efficiently encoded using the structural shape. A
process of performing LDPC encoding using the DVB-S2
based parity-check matrix will be described below by
way of example. In the following exemplary
description, as a detailed example, a DVB-S2 LDPC code
with N 1=16200, 1=IOSOO, M1 S Oand q=15 undergoes an
encoding process. For convenience, information bits
having a length K\ are represented as ( 0 1,. .,/ ,) ,
and parity bits having a length (N i-ATi) are
expressed as - Step 1: An encoder initializes parity
bits as follows: = 0 Step 2 : The encoder reads
information on a row where 1 is located withinthe
first column group of an information word, from the
0th weight- 1 position sequence of the stored
sequences indicating the parity-check matrix. 0 2084
1613 1548 1286 1460 3 196 4297 2481 3369 3451 4620
2622 The encoder updates particular parity bits px in
accordance with Equation (3) using the read
information and the first information bit 'o- Herein,
x means a value of R for k = l.,2,...,l 3 . In
Equation (3), px =px (r) 0 can also be expressed as px
<- px i, and q means binary addition. Step 3 : The
encoder first finds out a value of Equation (4) for
the next 359 information bits im (where m=\, 2, ...,
359) after z0. In Equation (4), x means a value of ?1
( ) fo r = l,2,...,13 . It should be noted that
Equation (4) has the same concept as Equation (2).
Next, the encoder performs an operation similar to
Equation (3) using the value found in Equation (4).
That is, the encoder updates m p o r example, for m=l,
i.e., for ih the encoder updates parity bits as
defined in Equation (5).It should be noted that q=l5
in Equation (5). The encoder performs the 



above process for m=l, 2, ..., 359, in the same manner
as shown above. Step 4: As in Step 2, the encoder
reads information of the 1st weight- 1 position
sequence, for a 361 st information bit 360, and
updates particular px, where x means R . The encoder
updates b similarly applying Equation (4) to the next
359 information bits i36u 362, ..., 7 after Z360- Step
5: The encoder repeats Steps 2, 3 and 4 for all groups
each having 360 information bits. Step 6: The encoder
finally determines parity bits using Equation (6). The
parity bits p , of Equation (6) are parity bits that
underwent LDPC encoding. As described above, DVB-S2
performs encoding through the process of Step 1through
Step 6. 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 a Hybrid
Automatic Retransmission Request (HARQ) scheme and an
Adaptive Modulation and Coding (AMC) scheme, but also
in acommunication system supporting various broadcast
services, LDPC codes having various codeword lengths
are needed to support various data rates according to
the system requirements. 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 needs an independent
parity-check matrix. For these reasons, 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 comprising several
hundreds to thousands of bits is needed for
transmission of signaling information. However, since
only 16200 and 64800 are available for a length of the
DVB-S2 LDPC code, it is necessary to support various
codeword lengths. In addition, since storing
independent parity-check matrix separately for each
codeword length of the LDPC code reduces the overall
memory efficiency, there is 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. SUMMARY
OF THE INVENTION An exemplary aspect of the present
invention is to provide a channel encoding/decoding
method and apparatus for generating LDPC codes having
different codeword lengths from a given LDPC code,
using shortening or puncturing in a communication
system using LDPC codes. Another exemplary aspect of
the present invention is to provide a channel
encoding/decoding method and apparatus for
guaranteeing the optimal performance with regard to
DVB-S2 architecture in a communication system using
LDPC codes. According to an exemplary aspect of the
present invention, there is provided a method for
encoding a channel in a communication system using a
Low-Density Parity-Check (LDPC) code. The method may
include, for example, generating a plurality of column
groups by grouping columns corresponding to an
information word in a parity-check matrix of the LDPC
code, and ordering the column groups; determining a
range of an information word desired to be obtained by
performing shortening; based on the determined range
of theinformation word, performing column
group-by-column group shortening on the column groups
in order according to a predetermined shortening
pattern; and LDPC encoding the shortened information
word. According to another exemplary aspect of the
present invention, there is provided a method for
encoding a channel in a communication system using a 



Low-Density Parity-Check (LDPC) code. The method may
include generating a plurality of column groups by
grouping columns corresponding to an information word
in a parity-check matrix of the LDPC code, and
ordering the column groups; determining a range of an
information word desired to be obtained by performing
shortening; based on the determined range of the
information word, performing column group-by-column
group shortening on the column groups in order
according to a predetermined shortening pattern; and
LDPC encoding the shortened information word; wherein
performing column group-by-column group shortening
comprises including 168 Bose-Chaudhuri-Hocquenghem
(BCH) parity bits in an information word desired to be
obtained by performing shortening, and shortening
columns except for columns in positions corresponding
to the 168 BCH parity bits. According to still another
exemplary aspect of the present invention, there is
provided an apparatus for encoding a channel in a
communication system using a Low-Density Parity-Check
(LDPC) code. The apparatus includes a paritycheck
matrix extractor for generating a plurality of column
groups by grouping columns corresponding to an
information word in a parity-check matrix of the LDPC
code, and ordering the column groups; a shortening
pattern applier for determining a range of an
information word desired to be obtained by performing
shortening, and based on the determined range of the
information word, performing column group-by-column
group shortening on the column groups in order
according to a predetermined shortening pattern; and
an encoder for LDPC encoding the shortened information
word. According to yet another exemplary aspect of the
present invention, there is provided an apparatus 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
generating a plurality of column groups by grouping
columns corresponding to an information word in a
parity-check matrix of the LDPC code, and ordering the
column groups; a shortening pattern applier for
determining a range of an information word desired to
be obtained by performing shortening,and based on the
determined range of the information word, and for
performing column group-by-column group shortening on
the column groups in order according to a
predetermined shortening pattern; and an encoder for
LDPC encoding the shortened information word; wherein
in performing column groupby- column group shortening,
the shortening pattern applier includes, for example,
168 Bose-Chaudhuri-Hocquenghem (BCH) parity bits in an
information word desired to be obtained by performing
shortening, and by shortening columns except for
columns in positions corresponding to the 168 BCH
parity bits. According to still another exemplar
aspect of the present invention, there is provided a
method for decoding a channel in a communication
system using a Low-Density Parity-Check (LDPC) code.
The method includes, for example, demodulating a
signal transmitted from a transmitter; determining a
position of a shortened bit by estimating information
on a shortening pattern of an LDPC code from the
demodulated signal; and decoding data using the
determined position of the shortened bit. According to
even still another exemplary aspect 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, for example, a demodulator for demodulating
a signal transmitted from a transmitter; a shortening
pattern determiner for determining a position of a
shortened bit by estimating information on a
shortening pattern of an LDPC code from the
demodulated signal; and a decoder for decoding data
using the determined position of the shortened bit.
BRIEF DESCRIPTION OF THE DRAWINGS 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 is a
diagram illustrating an exemplary parity-check matrix
of a length-8 LDPC code; FIG. 2 is a diagram
illustrating a Tanner graph for an exemplary
paritycheck matrix of a length-8 LDPC code; FIG. 3 is
a diagram illustrating a schematic structure of a
DVB-S2 LDPC code;FIG. 4 is a diagram illustrating an
exemplary parity-check matrix of a DVB-S2 LDPC code;
FIG. 5 is a block diagram illustrating a structure of
a transceiver in a communication system using LDPC
codes; FIG. 6 is a flowchart illustrating a process of
generating an LDPC code having a different codeword
length from a parity-check matrix of a stored LDPC
code according to an exemplary embodiment of the
present invention; FIG. 7 is a block diagram
illustrating a structure of a transmission apparatus
using shortened LDPC codes according to an embodiment
of the present invention; FIG. 8 is a block diagram
illustrating a structure of a transmission apparatus
using shortened/punctured LDPC codes according to an
exemplary embodiment of the present invention; FIG. 9
is a block diagram illustrating a structure of a
reception apparatus using LDPC codes to which
shortening is applied, according to an exemplary
embodiment of the present invention; FIG. 10 is a
block diagram illustrating a structure of a reception
apparatus using LDPC codes to which shortening and
puncturing are both applied, according to an exemplary
embodiment of the present invention; and FIG. 1 1 is a
flowchart illustrating a reception operation in a
reception apparatus according to an exemplary
embodiment of the present invention. Throughout the
drawings, the same drawing reference numerals will be
understood to refer to the same elements, features and
structures. DETAILED DESCRIPTION Preferred exemplary
embodiments of the present invention will now be
described in detail with reference to the annexed
drawings. In the following description, a detailed
description of known functions and exemplary
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. The present
invention provides a method for supporting LDPC
codeshaving various codeword lengths using a
parity-check matrix of a structured LDPC code of a
particular type. In addition, the present invention
provides an apparatus for supporting various codeword
lengths in a communication system using LDPC codes of
a particular type, and a method for controlling the
same. Particularly, the present invention provides 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. FIG. 5 is a block diagram
illustrating a structure of a transceiver in a
communication system using LDPC codes. Referring to
FIG. 5, a message u is input to an LDPC encoder 5 11
in a transmitter 510 before being transmitted to a
receiver 530. Then the LDPC encoder 5 11 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 to the
receiver 530 over a wireless channel 520. Then a
demodulator 531 in the receiver 530 demodulates the
signal transmitted by the transmitter 510, and outputs
the demodulated signal to an LDPC decoder 533. Then
the LDPC decoder 533 estimates an estimation value u
of the message 



based on the data received through the wireless
channel 520. The LDPC encoder 5 11 generates a
parity-check matrix according to a codeword length
required by a communication system, using a preset
scheme. Particularly, according to the present
invention, the LDPC encoder 5 11 can support various
codeword lengths using the LDPC code without the
separate need for additional storage information. A
detailed operation of the LDPC encoder for supporting
various codeword lengths will be described in detail
below with reference to FIG. 6. FIG. 6 is a flowchart
illustrating an encoding operation of an LDPC encoder
according to an exemplary embodiment of the present
invention. To be specific, FIG. 6 illustrates a method
for generating LDPC codes having different codeword
lengths from a parity-check matrix of a previously
stored LDPC code. Herein, the method of supporting
various codeword lengths uses a shortening technique
and a puncturing technique. The term 'shortening
technique' as used herein means a method that does not
substantially use a specified part of a given
particular parity-check matrix. For a better
understanding of the shortening technique, a
parity-check matrix of the DVB-S2 LDPC code shown in
FIG. 3 will be described in detail.Referring now to
the parity-check matrix of the DVB-S2 LDPC code shown
in FIG. 3, its total length is N1, the leading part
corresponds to length-/Ci information bits Jt 1 and
the rear part corresponds to length-( Ni-ii) parity
bits - r Commonly, the information bits freely have a
value of 0 or 1, and the shortening technique limits
values of information bits of a particular part which
is to be subjected to shortening. For example,
shortening N5. information bits z'o through z _,
commonly means that  H lN>~1 . In other words, by
limiting values for Ns information bits z"o through iN
_ , to 0, the shortening technique can obtain the same
effect as substantially not using N leading columns in
the parity-check matrix of the DVB-S2 LDPC code shown
in FIG. 3. The term "shortening technique' originates
from the above-stated limitation operation. Therefore,
applying the shortening herein means considering
values of the shortened information bits, as 0. 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 information bits. Therefore, though the
transmitter has not transmitted the shortened bits,
the receiver performs decoding, knowing that
information bits in the positions corresponding to the
shortened bits have a value ofO. In the shortening
technique, since a length of a codeword that the
transmitter actually transmits is Ni-N and a length of
an information word is also K Ns, the code rate
becomes L' ) w jc js always less than the first given
code rate K IN . Next, the puncturing technique will
be described in detail. Generally, the puncturing
technique can be applied to both the information bits
and parity bits. Although the puncturing technique and
the shortening technique are in common in reducing
codeword lengths of codes, the puncturing technique,
unlike the shortening technique, described herein
above, does not have the concept that limits values of
particular bits. The puncturing technique is a method
for simply not transmitting particular information
bits or a particular part of generated parity bits, so
that a receiver can perform erasure processing on the
corresponding bits. In other words, by simply not
transmitting bits in Np predefined positions in a
generated length- Ni LDPC codeword, the puncturing
technique can obtain thesame effect as transmitting a
length-(Ni-N ) LDPC codeword. Since columns
corresponding to the bits punctured in the
parity-check matrix are all used intact in a decoding
process, the puncturing technique is different from
the shortening technique. 



Since, according to the invention position information
for the punctured bits can be equally shared or
estimated by the transmitter and the receiver when the
system is set up, the receiver performs erasure
processing on the corresponding punctured bits, before
performing decoding. In the puncturing technique,
since a length of a codeword that the transmitter
actually transmits is N1-Np and a length of an
information word is K constantly, the code rate
becomes K\I{N\-N ), which is always greater than the
first given code rate K\IN\ . A description will now
be made of the exemplary shortening technique and the
exemplary puncturing technique suitable for the DVB-S2
LDPC code. The DVB-S2 LDPC code, as mentioned above,
is a kind of an LDPC code having a particular
structure. Therefore, compared with the normal LDPC
code, the DVB-S2 LDPC code can undergo more efficient
shortening and puncturing. For convenience of this
example, assume 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 N1 and K\ , respectively,
using the shortening technique and the puncturing
technique. If and it is possible to generate the LDPC
code whose codeword length and information length are
N2 and K2, respectively, by shortening KD bits and
puncturing (ND-KD) bits from the parity-check matrix
of the DVB-S2 LDPC code. For the generated LDPC code
with N >0 or Kj>0, since its code rate is generally
different from the code rate / 1N1 of the DVB-S2 LDPC
code, its algebraic characteristic changes. For D the
LDPC code is generated by applying none of shortening
and puncturing or performing only shortening. However,
regarding the DVB-S2 LDPC code, as described in Rule 1
andRule 2, as one value corresponds to M1 columns, a
total of VN1 column groups each have a structural
shape. Therefore, the DVB-S2 LDPC code is equal to an
LDPC code that does not use M columns, if it does not
use one Rf] value. The following shortening process is
proposed considering such characteristics. In step
601, the LDPC encoder 5 11 reads column group
information of a DVB-S2 LDPC code to be subjected to
shortening. That is, the LDPC encoder 5 11 reads the
stored parity-check matrix information. Thereafter, in
step 603, the LDPC encoder 5 11 determines a codeword
length N and an information length K2 for a shortened
LDPC codeword to transmit actually after shortening.
Thereafter, the LDPC encoder 511 performs a shortening
process of steps 605 to 6 11, in which the LDPC
encoder 511 performs shortening corresponding to a
required information length of an LDPC code, based on
the read information of the stored parity-check
matrix. Shortening Step 1: The LDPC encoder 511
determines in step 605, where \x\ means the maximum
integer which is less than or equal to x. Shortening
Step 2: The LDPC encoder 5 11 selects a sequence for
(A+ 1) column groups among m ste p 7, and the selected
sequence is defined as . The LDPC encoder 5 11
considers that there is no sequence for the remaining
column groups. Shortening Step 3: The LDPC encoder 5
11 generates a shortened DVBS2 LDPC code from the L 1
values selected in Shortening Step 2, using Rule 1 and
Rule 2 in step 609. It should be noted that the
shortened LDPC code has an information length of ,
which is always greater than or equal to K2.
Shortening Step 4: The LDPC encoder 5 11 additionally
shortens columns from the shortened LDPC code
generated in Shortening Step 3 in step 6 11.For a
description of detailed examples, a detailed
description will now be made of a process of
generating a new LDPC code whose codeword length is J
= and w j Ose information length is M im , by
shortening 12150 bits 



among the information bits using a DVB-S2 LDPC code
that has a characteristic of JVr=16200, J i= I 3320,
M1 oOand q=9. Example of Shortening Step 1: The LDPC
encoder 5 11 determines Example of Shortening Step 2:
The LDPC encoder 5 11 selects a sequence for 4 column
groups among a total of 37 R values. In this
particular example, the LDPC encoder 5 11 selects the
following sequence. Example of Shortening Step 3 : The
LDPC encoder 5 11 generates a shortened DVB-S2 LDPC
code from the 4 values selected in Example of
Shortening Step 2, using Rule 1 and Rule 2. For the
shortened LDPC code, a length of its information word
is 4x360=1440. Example of Shortening Step 4: The LDPC
encoder 5 11 additionally shortens 1440-1 170=270
columns from the shortened LDPC code generated in
Example of Shortening Step 3. The LDPC encoder 5 11
performs encoding based on the shortened LDPC code.
According to the exemplary embodiment, since sequence
information for KJM1-A-I _= 13320/360-4=33 column
groups among  > K values are not used, which is
equivalent to shortening a total of 33x360=1 1880 bits
in the Example of Shortening Step 2. In addition,
since the LDPC encoder 5 11 hasadditionally shortened
270 information bits through the Example of Shortening
Step 3 and the Example of Shortening Step 4, it is
finally equivalent to shortening 12150 information
bits. Therefore, the result of the embodiment provides
a shortened LDPC code with a codeword length N2=4050
and an information length 2 1170. As described above,
the present invention can apply an efficient
shortening technique that, compared with a bit-by-bit
shortening technique which is commonly used for
shortening of the DVB-S2 LDPC code, employs a method
of not using information on column groups of the
DVB-S2 LDPC code depending on the structural features
of the DVB-S2 LDPC code. Selection criteria of a
sequence for a column group can be summarized as
follows in Step 2 in the shortening process of the
DVB-S2 LDPC code. Criterion 1: The LDPC encoder 5 11
selects a shortened LDPC code with a codeword length
N2 and an information length K2, obtained by
performing shortening on a DVB-S2 LDPC code with a
codeword length N1 and an information length K\ ,
degree distribution of the selected shortened LDPC
code being almost similar to the optimal degree
distribution of the normal LDPC code with a codeword
length N2 and an information length K2. Criterion 2:
The LDPC encoder 5 11 selects a code having the good
cycle characteristic on the Tanner graph among the
shortened codes selected in Criterion 1. In the
present invention, regarding a criterion for a cycle
characteristic, the LDPC encoder 5 11 selects a case
where the minimum-length cycles in the Tanner graph is
as large as possible and the number of the
minimum-length cycles is as small possible. Although
the optimal degree distribution of the normal LDPC
code can be found out in Criterion 1 using a density
evolution analysis method, a detailed description
thereof will be omitted since it is irrelevant to the
understanding of the present invention. If the number
of selections of a weight- 1 position sequence for the
column group is not great, the LDPC encoder 5 11 may
select a weight- 1 position sequence for the column
group having the best performance by fully searching
all the cases regardless of Criterion 1 and Criterion
2. However, the selection criteria for column groups,
applied in Shortening Step 2 of the DVB-S2 LDPC code,
can increase its efficiency by selecting an LDPC code
satisfying the both conditionswhen the number of
selections of the weight- 1 position sequence for the
column group is too large. To describe an example of a
good sequence obtained by applying the selection
criteria of a weight- 1 position sequence for the
column group, a DVBS2 



code with JVi=16200, 1=3240, M1= O and q=36 will be
considered. The DVB-S2 LDPC code has the following
weight- 1 position sequence on column groups. 6295
9626 304 7695 4839 4936 1660 144 11203 5567 6347 12557
10691 4988 3859 3734 3071 3494 7687 10313 5964 8069
8296 11090 10774 3613 5208 11177 7676 3549 8746 6583
7239 12265 2674 4292 11869 3708 5981 8718 4908 10650
6805 3334 2627 10461 9285 11120 7844 3079 10773 3385
10854 5747 1360 12010 12202 6189 4241 2343 9840 12726
4977 The /th weight- 1 position sequence in the z line
sequentially represents the information on the
position of rows with 1 for the th column group.
Therefore, it can be appreciated that the DVB-S2 LDPC
code is composed of 9 column groups and its
information length is 9 x 360 = 3240. If a codeword
length and an information length desired to be
obtained by performing shortening are N2 and K ,
respectively, it is possible to find out the optimized
shortening pattern using Shortening Step 1 through
Shortening Step 4. However, when values of N2 and K J
required by the system are highly variable, the
optimized shortening pattern may have no correlation
according to the value of N2. For example, assuming
that the optimal selection for a case necessary for
shortening 2 column groups from the DVB-S2 LDPC code
is not using information on rows with 1 in 4th and 8th
column groups, since selecting and shortening 1st, 5th
and 6th column groups can also be optimal when
selecting 3 column groups, they have no correlation
with each other. Therefore, when values of N2 and K2
required by the system are highly variable, it is
undesirably necessary to store all shortening patterns
optimized according to a value OfZ 2, for the
optimized performance.Thus, if values of N2 and K2
required by the system are highly variable, suboptimal
shortening patterns can be found using the following
method, for system efficiency. First, assume that
selection of 1 column group is needed for shortening.
In this case, since the number of selectable column
groups is only 1 in an optimal sense, it is possible
to select the highest-performance column group. Next,
when there is a need for selection of 2 column groups
for shortening, the LDPC encoder 5 11 selects a column
group showing the best performance among the remaining
column groups, including the selected 1 column group.
In the same manner, when there is a need for selection
of i column groups for shortening, the LDPC encoder 5
11 selects one highest-performance column group among
the remaining column groups, including (i-1) column
groups selected in the previous step for shortening.
This method of shortening, though it cannot guarantee
the optimal selection, can have stabilized performance
from one shortening pattern regardless of a change in
the value of K2. For a detailed example, when values
of N and K required by the system are highly variable,
it is possible to find out suboptimal shortening
patterns according to N2 and K2, for 9 cases shown in
Table 1. Herein, N2=N -K2, since the puncturing
technique is not considered. Table 1METHOD AND
APPARATUS FOR TRANSMITTING AND RECEIVING BROADCAST
SERVICE DATA IN A BROADCASTING COMMUNICATION SYSTEM,
METHOD FOR CONFIGURING THE BROADCAST SERVICE DATA,AND
FRAME INCLUDING THE BROADCAST SERVICE DATA BACKGROUND
OF THE INVENTION 1. Field of the Invention: 



The present invention relates to a broadcasting
communication system for transmitting and receiving
broadcast service data using one Radio Frequency (RF).
More particularly, the present invention relates to a
method and apparatus for transmitting and receiving a
frame composed of a plurality of broadcast services in
a broadcasting communication system, a method for
configuring the frame, and the frame thereof. 2.
Description of the Related Art: In the 21st century's
information society, broadcasting communication
services are entering the era of the digital,
multi-channel, broadband and highquality broadcasting
and communication. Particularly, with the recent
increasing popularization of high-definition digital
television, Portable Multimedia Player (PMP) and
portable broadcasting devices, digital broadcasting
services also increasingly need to support various
reception schemes. To meet the needs, Digital Video
Broadcasting-Terrestrial 2 (DVB-T2), which is the
European 2nd generation terrestrial digital
broadcasting standard, is pushing ahead with
standardization for each of three reception schemes.
The first is a reception scheme of recycling the
conventional household digital reception antennas. The
second is a reception scheme using multiple antennas
for capacity improvement. The third is a reception
scheme for portable mobile terminals. Compared with
DVB-Terrestrial/Handheld (DVB-T/H), which is the 1st
generation terrestrial digital broadcasting standard
and considers only two reception schemes of a fixed
reception scheme and a mobile reception scheme, the
DVB-T2 additionally considers the reception scheme of
using multiple antennas. The DVB-T2 standard does this
by considering, as its main standardization work, an
operation of changing a physical layer structure and
control information based on the physical layer
structure.In the physical layer structure, a control
channel refers to a channel that transmits a control
message for a transmission scheme in the physical
layer. If the basic unit of a transmission signal is
defined as a frame, one frame can be composed of a
plurality of services and include a service index,
location information, modulation scheme/coding rate,
and cell identifier (ID) for each service. The control
channel can be transmitted independently of a data
channel in every frame, since the service
configuration and its associated information can vary
frame by frame. Since demodulation for the control
channel should be performed first in order for a
terminal to receive a service channel, the control
channel should be situated first in the frame.
Following the control channel is a plurality of
services. In the following description, the control
channel in the broadcasting system will be referred to
as a P2 preamble. FIG. 1 is a diagram illustrating a
scheme of transmitting and receiving broadcast
services in a Fixed Frequency (FF) mode indicating the
conventional 1st generation broadcasting system.
Referring to FIG. 1, a transmitter 102 transmits
different broadcast services at their associated
multiple RFs, and a receiver 104 receives its desired
service by tuning to an RF on which the desired
service is transmitted. For example, when the receiver
104 wants to receive a service 1, the receiver 104
tunes its reception module to RFl, acquires
information such as location information and
modulation/coding scheme for the service 1 through a
P2 preamble, and then demodulates the service 1. As
can be seen in FIG. 1, as regards a plurality of
services constituting one frame in an arbitrary RF
channel, each service's length in the time domain is
different since each service has a different
transmission data rate. In this case, a service having
a high transmission data rate can be considered to
undergo sufficient time diversity since it has a long
transmission period in the time domain, whereas a
service having a low transmission data rate cannot be
considered to obtain a sufficient diversity gain
because it has a very short transmission period. 



In particular, as the broadcasting system is very
susceptible to impulse noises, multiple Orthogonal
Frequency Division Multiplexing (OFDM) symbols, rather
than one OFDM symbol, are apt to be damaged in the
time domain. Since the service having the low
transmission data rate is composed of fewer symbols,
most data corresponding to the service may be damaged
when an impulse noise occurs,causing a possible case
in which the corresponding service cannot be
demodulated at all in the frame. Therefore, in order
to allow a transmission service to obtain a time
diversity gain, each service can be sliced into more
than two small services in the time domain. The sliced
sub-services having a small size will be referred to
herein as sub-slices. When such service slicing is
performed, an increase in the number of service
slicings causes an increase in diversity gain that can
be obtained in the time domain. Generally, up to
several hundred service slicings can be considered to
acquire a very high diversity gain. In this
specification, with reference to FIGs. 2A and 2B, a
description will be made of a method for configuring a
frame using the service slicing in a conventional
broadcasting communication system. FIG. 2A is a
diagram illustrating a conventional frame structure in
which 4 logical services are arranged. Referring to
FIG. 2A, a conventional frame structure can be seen in
which 4 logical services are disposed. When their
service indexes are given as 1, 2, 3 and 4, the 4
services can be arranged in the frame in an arbitrary
order. In the example of FIG. 2A, the services are
arranged in ascending order of the index value.
Further, time periods of the services are denoted by
T1, T2 T3 and T4, respectively. In order to physically
map the services, which are logically configured in
one frame, to a frame through service slicing, each
service should undergo service slicing. For example,
if each service is divided into 4 sub-slices, a
transmission period for each service in the time
domain occupied by the corresponding service should be
divided by 4 as shown in FIG. 2A. Therefore, the
services each have 4 sub-slices having sub-slice
periods T1 T2/4 T3/4 and T4/4. As a result, a total of
16 sub-slices are generated for the 4 services that
should be transmitted over the frame. FIG. 2B is a
diagram illustrating a conventional frame in which
services are physically arranged, each of which
consists of sub-slices by service slicing. Referring
to FIG. 2B, 4 sub-slices constituting one service
should be spaced as far away as possible to achieve
time diversity. Since the services each are configured
with the same number of sub-slices, the distance
between subslices belonging to the same service is
constant. That is to say, since each service is sliced
into 4 sub-slices, an interval, or distance, between
sub-slices belonging tothe same service becomes a
value obtained by dividing the total frame period TF
by 4, so the sub-slices have a uniform interval. For
example, FIG. 2B shows an interval TF/4 between 4
sub-slices 1-1, 1-2, 1-3 and 1-4 (where former
numerals represent service indexes while latter
numerals represent sub-slice indexes) belonging to the
first service. Since the distance between sub-slices
belonging to the same service is equal, the order of
sub-slices for each service, arranged in the first
TF/4 period, is equally repeated every TF/4. As
described above, one purpose of using the method for
mapping services in a frame based on the service
slicing is for obtaining diversity gain for the
services transmitted in one frame including a service
having a low transmission data rate. Since a
corresponding service in one frame is composed of
multiple subslices, a receiver needs to perform
demodulation as many times as the number of sub-slices
in order to receive a target service it should
receive. In other words, assuming that each service
consists of 4 sub-slices as shown in FIGs. 2A and 2B,
because a receiving terminal should perform
demodulation 4 times for a oneframe 



time period, switching between demodulation and
non-demodulation happens four times. However, when the
reception operation is considered in a mobile terminal
as opposed to a fixed terminal, an operation of
performing demodulation for a sub-slice period and not
performing demodulation until the next sub-slice is
received, is repeated as many times as the number of
sub-slices. Such an operation increases the power that
the mobile terminal should consume, and causes a heavy
burden in terms of power consumption. That is, from
the standpoint of the mobile terminal, the service
slicing operation that is used to obtain a time
diversity gain requires heavy power consumption for
the battery, causing a power problem. Therefore, in
considering the fixed terminal, it is preferable to
perform service slicing as many times as possible.
Conversely, for the mobile terminal, it is preferable
to continuously transmit one service in the time
domain without service slicing (i.e. the number of
sub-slices corresponding to one service is one), or to
carry out service slicing as few times as possible.
However, when services in a frame are physically
mapped using various types of the number of service
slicings (e.g. a service for one fixed terminal is
composed of 100 sub-slices while a service for one
mobile terminal consists of 4sub-slices) in order to
consider both the fixed terminal and the mobile
terminal, the interval between sub-slices belonging to
the same service may not be constant. This means that
for all sub-slices for the fixed and mobile terminals,
a base station should signal all their location
information in a frame. For instance, assume that an
overhead of 20 bits is needed to indicate location
information in a frame, 4 services for a fixed
terminal and 1 service for a mobile terminal are
transmitted through one frame, a service for the fixed
terminal is mapped to 4 sub-slices, and a service for
the mobile terminal is mapped to one sub-slice. In
this case, as a total of 17 sub-slices exist in the
frame, signaling for the total of 17 locations
requires 20*17=340 bits, causing an increase in the
signaling overhead. Accordingly, there is a need for
an apparatus and method for improving reception
performance of a broadcast service. SUMMARY OF THE
INVENTION An aspect of the present invention is to
address at least the abovementioned problems and/or
disadvantages and to provide at least the advantages
described below. Accordingly, an aspect of the present
invention is to provide a method and apparatus capable
of improving reception performance of a broadcast
service being transmitted to fixed and mobile
terminals in a broadcasting communication system.
Another aspect of the present invention is to provide
a method and apparatus for transmitting and receiving
broadcast service data for a fixed terminal and
broadcast service data for a mobile terminal in a
broadcasting communication system. Still another
aspect of the present invention is to provide a frame
configuring method for physically mapping a plurality
of services in a frame by service slicing in a
broadcasting communication system, and a frame thereof
According to one aspect of the present invention, a
method for configuring a broadcast service data in a
digital broadcasting communication system is provided.
The method includes mapping a first zone,
corresponding to broadcast service data of a first
type, and a second zone, corresponding to broadcast
service data of a second type, in a frame
individually. Preferably, the broadcast service data
included in the first zone and the second zone is
sliced into sub-slices according to a different number
of service slicings for each zone.According to another
aspect of the present invention, a frame including
broadcast service data in a digital broadcasting
communication system is provided. The frame includes a
first zone, corresponding to broadcast service data of
a first type, and a second zone, corresponding to
broadcast service data of a 



second type, and the first zone and the second zone
are mapped in the frame individually. Preferably, the
broadcast service data included in the first zone and
the second zone is sliced into sub-slices according to
a different number of service slicings for each zone.
According to still another aspect of the present
invention, a method for transmitting broadcast service
data in a digital broadcasting communication system is
provided. The method includes mapping a first zone,
corresponding to broadcast service data of a first
type, and a second zone, corresponding to broadcast
service data of a second type, in a frame individually
and transmitting the frame. Preferably, the broadcast
service data included in the first zone and the second
zone is sliced into sub-slices according to a
different number of service slicings for each zone.
According to yet another aspect of the present
invention, a method for receiving broadcast service
data in a digital broadcasting communication system is
provided. The method includes receiving a frame in
which the broadcast service data is included, wherein
a first zone, corresponding to broadcast service data
of a first type, and a second zone, corresponding to
broadcast service data of a second type, are mapped in
the frame individually. Preferably, the broadcast
service data included in the first zone and the second
zone is sliced into sub-slices according to a
different number of service slicings for each zone.
According to still another aspect of the present
invention, an apparatus for transmitting broadcast
service data in a digital broadcasting communication
system is provided. The apparatus includes a frame
configurator for configuring a frame by mapping a
first zone, corresponding to broadcast service data of
a first type, and a second zone, corresponding to
broadcast service data of a second type, in the frame
individually and a frame transmitter for transmitting
the configured frame. Preferably, the broadcast
service data included in the first zone and the second
zone is sliced into sub-slices according to a
different number of service slicings for each zone.
According to yet another aspect of the present
invention, an apparatus for receiving broadcast
service data in a digital broadcasting communication
systemis provided. The apparatus includes a receiver
for receiving a frame including the broadcast service
data, and for demodulating the received frame, wherein
a first zone, corresponding to broadcast service data
of a first type, and a second zone, corresponding to
broadcast service data of a second type, are mapped in
the frame individually. Preferably, the broadcast
service data included in the first zone and the second
zone is sliced into sub-slices according to a
different number of service slicings for each zone.
Other aspects, advantages, and salient 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 The above and other
aspects, features and advantages of certain exemplary
embodiments of the present invention will be more
apparent from the following description taken in
conjunction with the accompanying drawings in which:
FIG. 1 is a diagram illustrating a scheme of
transmitting and receiving broadcast services in a
Fixed Frequency (FF) mode indicating the conventional
1st generation broadcasting system; FIG. 2A is a
diagram illustrating a conventional method for
logically configuring a frame using service slicing in
a broadcasting communication system; FIG. 2B is a
diagram illustrating a conventional method for
physically configuring a frame using service slicing
in a broadcasting communication system; 



FIG. 3A is a diagram illustrating a method for
logically configuring a frame using a plurality of
zones based on service slicing in a broadcasting
communication system according to an exemplary
embodiment of the present invention; FIG. 3B is a
diagram illustrating a method for configuring a frame
by a TDM scheme using a plurality of zones based on
service slicing in a broadcasting communication system
according to an exemplary embodiment of the present
invention;FIG. 3C is a diagram illustrating a method
for configuring a frame by a diversity scheme using a
plurality of zones based on service slicing in a
broadcasting communication system according to an
exemplary embodiment of the present invention; FIG. 4
is a diagram illustrating an example where each zone
has a different number of sub-zones in zone mapping
based on the diversity scheme according to an
exemplary embodiment of the present invention; FIG. 5
is a diagram illustrating an operation in a
transmitter according to an exemplary embodiment of
the present invention; FIG. 6 is a diagram
illustrating an operation in a receiver according to
an exemplary embodiment of the present invention; FIG.
7 is a diagram illustrating a transmitter according to
an exemplary embodiment of the present invention; and
FIG. 8 is a diagram illustrating a receiver according
to an exemplary embodiment of the present invention.
Throughout the drawings, it should be noted that like
reference numbers are used to depict the same or
similar elements, features and structures. DETAILED
DESCRIPTION OF EXEMPLARY EMBODIMENTS The following
description with reference to the accompanying
drawings is provided to assist in a comprehensive
understanding of exemplary embodiments of the
invention as defined by the claims and their
equivalents. It includes various specific details to
assist in that understanding but these are to be
regarded as merely exemplary. 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 invention. Also, descriptions of
well-known functions and constructions are omitted for
clarity and conciseness. The terms and words used in
the following description and claims are not limited
to the bibliographical meanings, but, are merely used
by the inventor to enable a clear and consistent
understanding of the invention. Accordingly, it should
be apparent to those skilled in the art that the
following description of exemplary embodiments of the
present invention are provided for illustrationpurpose
only and not for the purpose of limiting the invention
as defined by the appended claims and their
equivalents. It is to be understood that the singular
forms "a," "an," and "the" include plural referents
unless the context clearly dictates otherwise. Thus,
for example, reference to "a component surface"
includes reference to one or more of such surfaces.
FIGs. 3A to 3C are diagrams illustrating a method for
configuring a frame using a plurality of zones based
on service slicing in a broadcasting communication
system according to an exemplary embodiment of the
present invention. Referring to FIG. 3A, as an
example,- 2 zones are logically disposed in a frame.
The number of services allocated to one zone can be
different from the number of services allocated to
other zone. The services included in each zone should
be sliced according to the number of service slicings
for the corresponding zone. It is shown in FIG. 3A
that the number of sub-slices is represented by #SS.
Accordingly, each service included in the first zone
should be divided into 4 subslices 



through 4 service slicings, while each service in the
second zone should be divided into 2 sub-slices by
undergoing service slicing 2 times. Although a small
number of service slicings is considered in an
exemplary embodiment of the present invention for
convenience of explanation, multiple zones allocated
to one frame are actually aimed at simultaneous data
transmission to the fixed and mobile terminals.
Accordingly, up to several hundred service slicings
can be used in a zone for the fixed terminal, and the
small number of 2 or 4 service slicings can be used in
a zone for the mobile terminal. In this case, in order
for all services allocated to the individual zones to
be sliced according to the number of service slicings
for the corresponding zones and transmitted with a
correct number of sub-slices in one frame, the number
of service slicings of the individual zones should be
determined depending on the corresponding zones. For
example, if two zones exist in one frame and the first
zone has the number, 36, of service slicings, the
remaining second zone is allowed to use a number which
is a divisor of 36, rather than using the arbitrary
number of service slicings. That is, the second zone
can use the number of service slicings, which
corresponds to one of the numbers 1, 2, 3, 4, 6, 9,
12, 18 and 36.FIGs. 3B and 3C are diagrams
illustrating a frame in which zones are physically
arranged, each of which is formed according to the
number of service slicings, according to an exemplary
embodiment of the present invention. Referring to
FIGs. 3B and 3C, two possible schemes can be seen in
which two zones defined in one frame are physically
mapped in the frame. First, FIG. 3B represents a Time
Division Multiplexing (TDM) scheme as the first zone
mapping scheme, in which one zone is continuously
allocated in the time domain. That is, FIG. 3B
illustrates an exemplary method of mapping zones in a
frame using a localized-TDM diversity scheme. As in
FIG. 3A where multiple zones are logically allocated
in one frame, each zone is physically mapped in the
frame. For example, as can be seen in FIG. 3A, assume
that 4 services exist in a zone 0, each service is
defined to consist of 4 sub-slices, and similarly, in
a zone 1 are defined 4 services to undergo 2 service
slicings. The structure of 4 services allocated in the
first zone is shown by the first dotted-line block. In
each dotted-line block, each sub-slice is represented
by (x,y), where x denotes a service index and y
denotes a sub-slice index. For instance, (1,0)
represents a first sub-slice of a second service, and
indicates a sub-slice 0 of a service 1. In order to
obtain the maximum time diversity gain in the
corresponding zone, an interval between sub-slices
belonging to the same broadcast service should be as
long as possible in each zone. To this end, for the
zone 0, each service is divided into a total of 4
sub-slice groups since the number of service slicings
is four, and each sub-slice group is adapted to
consist of sub-slices corresponding to four services.
That is, it can be noted that sub-slice groups (0,0),
(1,0), (2,0) and (3,0), which are groups of the first
sub-slices for each service, are first mapped, the
second and third sub-slice groups are next mapped, and
finally, sub-slice groups (0,3), (1,3), (2,3) and
(3,3), which are composed of the fourth sub-slices for
each service, are mapped. Therefore, as can be
understood from FIG. 3B, an interval D O between
sub-slices belonging to the same service in the zone 0
becomes a length determined by dividing the size of
the zone 0 by the corresponding number of service
slicings. Meanwhile, in a zone 1 indicating the second
zone, each service is sliced into 2 sub-slices, and
using the dotted-line block for the zone 1, a
description will be made as to how more than one
service allocated to the zone 1 is physically mapped.
Since 4 services are configured in the zone 1 and the
number of serviceslicings is 2, each service allocated
in the zone 1 is divided into 2 sub-slices. As a
result, sub-slice groups (0,0), (1,0), (2,0) and
(3,0), which are groups of the first sub-slices of
each service, and sub-slice groups (0,1), (1,1), (2,1)
and (3,1), which are groups of the second sub-slices
of each service, are generated, and a total of 8 



sub-slices are mapped in the zone 1 in order of (0,0),
(1,0), (2,0), (3,0), (0,1), (1,1), (2,1), (3,1).
Therefore, an interval Dl between sub-slices belonging
to the same service in the zone 1 becomes a length
determined by dividing the size of the zone 1 by the
corresponding number of service slicings. FIG. 3C
illustrates a diversity scheme as the second zone
mapping scheme, in which one zone is scattered on the
time domain in a distributed manner. The multiple
zones which are logically allocated in the frame of
FIG. 3A are physically mapped in the frame in such a
manner that they are distributed in small-sized
sub-zones as shown in FIG. 3C. Each sub-zone is
represented by (x,y), where x denotes a zone index and
y denotes a sub-zone index. Thus, when the first zone,
or the zone 0, is divided into two sub-zones, the
corresponding zone is composed of sub-zones. In this
example, the corresponding zone is composed of
sub-zones (0,0) and (0,1). A sub-zone arrangement
pattern, in which two zones are physically mapped in
one frame, is determined by the number of service
slicings for each zone and the number of services
included in each zone. For instance, assuming that
each zone is composed of 4 services, the number of
service slicings for the zone 0 is 4, and the number
of service slicings for the zone 1 is 2 as illustrated
in FIG. 3A, when determination is made sub-slice by
sub-slice, a total of 16 subslices are generated in
the zone 0 and a total of 8 sub-slices are generated
in the zone 1. When the total number of sub-slices per
zone is divisible by a multiple of the number of
services for each zone, the minimum common number
(here, 1 is excluded) for the corresponding quotients
can be determined as the number of sub-zones. For
example, since the zone 0 transmits 4 services, the
number by which the total number, 16, of sub-slices is
divisible becomes 4, 8 and 16 (multiples of the number
of services), and their quotients become 4, 2 and I 5
respectively. Meanwhile, since the zone 1 transmits 4
services, the number by which the total number, 8, of
sub-slices is divisible becomes 4 and 8, and their
quotients become 2 and 1, respectively. Hence, the
minimum common number (except for 1), whichsatisfies
the above condition for both of the two zones, becomes
2. This result indicates that each zone must be
divided into two sub-zones. In FIG. 3C, two zones each
are divided into two sub-zones, so that a total of 4
sub-zones are arranged. In other words, two zones are
alternately repeated in order of sub-zone (0,0),
sub-zone (1,0), sub-zone (0,1) and sub-zone (1,1), and
mapped in the frame as shown in FIG. 3C. Also, the
size of the corresponding zone is determined by adding
two sub-zones belonging to each zone. To be more
specific, as regards, for example, the zone 0, since 4
services each consist of 4 sub-slices per service and
the corresponding zone is composed of two sub-zones,
the first sub-zone transmits the first and second
sub-slice groups and the second sub-zone transmits the
third and fourth sub-slice groups. That is to say, a
total of 8 sub-slices including the first 4 sub-slices
of each service and the second 4 sub-slices of each
service are transmitted through the first subzone
(0,0) of the zone 0, and a total of 8 sub-slices
including the remaining third and fourth sub-slices of
each service are mapped in the second sub-zone (0,1)
of the zone 0 and then transmitted. Meanwhile, it can
be noted that for the zone 1, a sub-slice group
consisting of the first sub-slices for each service
among a total of 8 sub-slices is mapped in the first
sub-zone (1,0) of the zone 1. For reference, in the
conventional service slicing-based frame configuring
scheme, since the number of sub-slices per service,
and a start point start_(x,0) (e.g. sub-slice 0 of
service x) and a length length_(x,0) of the first
sub-slice of each service are considered as scheduling
information, once a start point start_O of the first
sub-slice of a target service and an interval D
between sub-slices belonging to the same service are
known, locations of the remaining sub-slices can be
automatically determined. In this case, if each
service is composed of, for 



example, 4 sub-slices, the interval D between
sub-slices belonging to the same service becomes a
value determined by dividing the total frame length by
the number of service slicings. Therefore, locations
of the remaining 3 sub-slices become start_(x,0)+D,
start_(x,0)+D*2, and start_(x,0)+D*3, respectively.
The frame length can be determined in units of
sub-carriers of OFDM symbols. For example, if one
frame is composed of 100 symbols and each OFDM symbol
consists of 6000 sub-carriers, a length of the
corresponding frame becomes 6000*100. In the service
slicing-based frame configuring scheme according to an
exemplary embodiment of the present invention, a
terminal should acquireadditional scheduling
information for a corresponding target service to
receive its desired target service. As the
corresponding scheduling information, the terminal
should know the size of each zone, the number of
service slicings (i.e. the number of sub-slices per
service) for each zone and the number of services
included in each zone. That is, if two zones are
defined, a total of 6 pieces of scheduling information
are needed, including a size SIZE_Z0 of the zone 0, a
size SIZE Zl of the zone 1, the number
NUM_SUB-SLICE_SERVICE_ZO of sub-slices per service for
the zone 0, the number NUM_SUB-SLICE_SERVICE_Z1 of
subslices per service for the zone 1, the number
NUM_SERVICE_Z0 of services for the zone 0, and the
number NUM_SERVICE_Z1 of services for the zone 1. When
the number NUM_SERVTCE_Z0 of services for the zone 0
is known, the number NUM_SERVICE_Z1 of services for
the zone 1 is determined by subtracting NUM_SERVICE_Z0
from the total number of services. For example,
assuming that 20 services are transmitted through the
corresponding frame, when service indexes for the 20
services are listed in order of size to avoid
occurrence of additional overhead, if first 15
services are included in the first zone, the remaining
5 services will be automatically included in the
second zone. A length determined by adding lengths
length_(x,0) of the first sub-slices of each service
included in the zone 0 becomes a length of one
sub-slice group, and all sub-slice groups, the number
of which corresponds to the number
NUM_SUB-SLICE_SERVICE_Z0 of sub-slices per service,
have the same length. For example, if the zone 0 has 4
services and 4 sub-slices per service, a length of the
first sub-slice group becomes a length
lengthJ0,0)+length l,0)+length_(2,0)+length_(3,0)
determined by adding lengths of the sub-slices of the
4 services. Since the number of sub-slice groups
becomes the number NUM_SUB-SLICE_SERVICE_Z0 of
sub-slices per service, the size SIZE_Z0 of the zone 0
becomes (sub-slice group length)*NUM_SUBSLICE_
SERVICE_Z0. In other words, when the number
NUM_SERVICE_Z0 of services for the zone 0 and the
number NUM_SUB-SLICE_SERVICE_ZO of sub-slices per
service for the zone 0 are known, the size SIZE ZO of
the zone 0 is determined. In addition, the size
SIZE_Z1 of the zone 1 is determined by subtracting the
size SIZE_Z0 of the zone 0 from the total frame size.
As a result, when the number NUM_SERVICE_Z0 of
services for the zone 0, the number
NUM_SUB-SLICE_SERVICE_Z0 of sub-slices per servicefor
the zone 0, and the number NUM_SUB-SLICE_SERVICE_Z1 of
sub-slices per service for the zone 1 are known, the
terminal can acquire all 6 pieces of scheduling
information that it additionally requires in receiving
the target service. In the diversity scheme
illustrated in FIG. 3C, though the zones are divided
into the same number of sub-zones and mapped for the
frame period in the distributed manner, the zones may
consist of a different number of sub-zones. FIG. 4
illustrates an example where each zone has a different
number of sub-zones in a zone mapping based on the
diversity scheme of FIG. 3C, according to an exemplary
embodiment of the present invention. For example, when
three zones exist in one frame, a zone 0 and a zone 1
are divided into 2 sub-zones, and a zone 2 has one
sub-zone (i.e. the zone 2 is not divided into multiple
sub-zones). 



This is because, for a special purpose (e.g. for data
transmission for a mobile terminal), it is preferable
to transmit service data for a continuous time period
occupied by the corresponding zone, instead of
dividing one zone into multiple sub-zones and
scattering them in one frame period. FIG. 5 is a
diagram illustrating an operation in a transmitter
according to an exemplary embodiment of the present
invention. Referring to FIG. 5, the transmitter
determines the number of zones and a zone arrangement
scheme it will use in a corresponding frame in step
502. The zone arrangement indicates how multiple zones
to be allocated in one frame will be physically mapped
in the corresponding frame. In an exemplary
implementation, the transmitter can notify whether the
corresponding scheme is a TDM scheme or a diversity
scheme, using a single bit for indication. If the
number of zones is fixed (e.g. to 2) and the diversity
scheme is used, step 502 can be omitted. In step 504,
the transmitter determines the size of areas that each
zone occupies in the corresponding frame and detailed
parameter values for each zone. That is, the
transmitter determines the size of each zone, how many
services are transmitted in each zone and into how
many sub-slices each service should be sliced.
Considering 2 zones and the diversity zone mapping
scheme, the transmitter only needs to determine the
number of sub-slices per service in each zone and the
number of services for the first (or second) zone. The
additional parameter values determined through steps
502 and 504 are configured in step 506 together with
other control information (e.g. modulation for each
service, coding rate, the number of Forward Error
Correction (FEC) blocks, length of eachsub-slice,
start location, etc.) that should be included in P2,
in order to be transmitted through P2 which is a
separate control channel. The zone-related parameter
values can be signaled together with the service
traffic in the in-band form, and some or all of the
number of zones, a zone mapping scheme, a size of each
zone, the number of sub-slices per service for each
zone, and the number of services included in a zone to
which the service in reception belongs are included
according to the signaling scheme. Finally, in step
508, the transmitter configures a frame using a
control channel and a service channel and transmits it
to a terminal. FIG. 6 is a diagram illustrating an
operation in a receiver according to an exemplary
embodiment of the present invention. Referring to FIG.
6, when a terminal, or receiver, receives a frame in
step 602, the receiver demodulates control information
transmitted through P2 and/or in-band signaling in
step 604. In step 606, the receiver extracts
zone-related parameter values from the demodulated
control information. For example, when 2 zones and the
diversity zone mapping scheme are considered, the
receiver is allowed to find out, from the P2 preamble,
the number of sub-slices for each zone and the number
of services included in the first (or second) zone.
Based on the zone-related parameter values obtained in
step 606, the receiver demodulates the target service
in step 608, using a size of the zone in which the
service is included that it wants in the corresponding
frame, a location of the zone, and a distance between
sub-slices belonging to the same service in the
corresponding zone (i.e. the number of sub-slices, at
intervals of which the service is transmitted, is
determined according to the number of services and the
number of sub-slices per service). FIG. 7 is a diagram
illustrating a transmitter according to an exemplary
embodiment of the present invention. Referring to FIG.
7, using zone parameter values output from a
zonerelated parameter generator 702, a P2 preamble
generator 704 and an in-band control information
generator 706 generate relevant control information. A
service traffic former 710 receives control
information to be inserted in service 



traffic, generated from the in-band control
information generator 706, and service traffic
generated by means of a service traffic generator 708,
and forms substantial service data using the received
data. A frame configurator 712 configures data using a
P2 preamble signal generated by the P2
preamblegenerator 704 and the service traffic
generated by the service traffic former 710, allocates
the data to one frame, and then transmits the
corresponding frame through a frame transmitter 714.
FIG. 8 is a diagram illustrating a receiver according
to an exemplary embodiment of the present invention.
Before a description of the receiver is given, the
frame configuration will be described once again. A
frame consists of a P2 preamble and more than one
service traffic. Since the P2 preamble transmits
control information including scheduling information
indicating at which location in the frame each service
traffic is transmitted, it is located ahead of service
data so that the terminal can demodulate the P2
preamble first. The service can be formed in units of
subcarriers, as opposed to units of OFDM symbols. In
other words, assuming that one frame is composed of
multiple OFDM symbols, each service included in the
frame is formed in units of sub-carriers, not in units
of symbols, allowing the maximum flexibility for a
Transmission Time Interval (TTI) of the broadcast
service transmitted in the corresponding frame.
Meanwhile, the control information can be transmitted
together with the service data. In order to receive
desired service traffic in the current preamble, it is
necessary to acquire scheduling information for the
corresponding service in advance. That makes it
possible to obtain control information through
demodulation for a target service transmitted through
a previous frame of the current frame (i.e. it
indicates in-band signaling). The service data or
in-band signaling is received through an undepicted
receiver, and the received service data or in-band
signaling is demodulated by means of a control
information demodulator 802. A variety of control
information necessary for demodulating services,
including information on the number of services
included in the first or second zone (i.e. one of two
zones) and the number of sub-slices per service for
each zone, acquired through the control information
demodulator 802, is input to a controller 804. The
controller 804 determines the remaining parameter
values necessary for finding out a location of a
target service in the frame using the input control
information. In other words, the controller 804
determines parameter values for a size of each zone
and the number of services included in the first or
second zone (one of the two zones), depending on the
parameter values for the number of subslices per
service for each zone and the number of services
included in the first orsecond zone (the other one of
the two zones), received from the control information
demodulator 802. At this point, a zone arrangement
pattern indicating whether the two zones will be
alternately repeated can also be determined. The
controller 804 outputs all the output parameter values
related to the location of the target service in the
frame to a service receiver 806 along with other
control information acquired by the control
information demodulator 802. The service receiver 806
includes more than one received service traffic. A
sub-carrier extractor 808 reads, from the service
receiver 806, data values of sub-carriers through
which one or more sub-slices (when one service is not
sliced into multiple sub-slices) are transmitted that
constitute the desired target service. To this end,
the sub-carrier extractor 808 finds out the correct
service location for the target service using the
parameter values output from the controller 804. For
example, assume that when 20 services are transmitted
through the corresponding frame and the number of
services included in a zone 0 is 15, a service index
of the target service is #10. Therefore, it can be
appreciated that the target service belongs to the
zone 0. Further, if the number of sub-slices per
service for the zone 0 is 4, an interval between
multiple sub-slices belonging 



to the target service becomes a value determined by
dividing a size of the zone 0 by 4. Therefore, the
sub-carrier extractor 808 finds out a location of the
first sub-slice in the corresponding frame and a
length of its transmission period using scheduling
information for a start location and a size of the
first sub-slice of the target service, and determines
start locations and sizes of the remaining sub-slices
using an interval between sub-slices and sizes of the
remaining zones. Since the number of sub-slices per
service is 4, start locations of the remaining three
subslices become values determined by adding an
interval value between sub-slices at the start
location of the first sub-slice once, twice and three
times, respectively. For example, a start location of
the third sub-slice becomes ('start location of first
sub-slice' + 'interval between sub-slices' * 2).
Assuming that two zones are alternately repeated
twice, it means that 2 sub-zones having a 1/2 size of
each zone constitute each zone. Thus, in case of the
zone 0, first two sub-slices of a target service are
transmitted through the first sub-zone, and the
remaining two sub-slices are transmitted through the
second sub-zone. In addition, it can be understood
that the first sub-zone of the zone 1 exists between
the first sub-zone and the second sub-zone of the zone
0. Hence, astart location of the third sub-slice of
the service belonging to the zone 0 should be
determined considering the size of the sub-zone of the
zone 1. That is, a start location of the third
sub-slice becomes ('start location of the first
sub-slice' + 'interval between sub-slices' *2 + (size
of zone l)/2). The data values of the target service,
output from the sub-carrier extractor 808, are input
to a service demodulator 810. The service demodulator
810 may include a receiver structure of the common
DVB-T2 system, including a time deinterleaver, a
demodulator (receiver's processor corresponding to a
QPSK and M-QAM modulator in the transmitter), and a
channel decoder (receiver's processor corresponding to
a channel encoder in the transmitter). As is apparent
from the foregoing description, exemplary embodiments
of the present invention define zones based on the
number of service slicings for the frame composed of a
plurality of broadcast services transmitted using one
RF, and efficiently perform physical mapping on the
broadcast services included in the corresponding
zones, thereby simultaneously supporting
transmission/reception of the broadcast service data
for both the fixed and mobile terminals. As a result,
exemplary embodiments of the present invention can
reduce power consumption for the services for the
mobile terminal, and acquire high time diversity gain
for the services for the fixed terminal. While the
invention has been shown and described with reference
to certain exemplary 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
invention as defined by the appended claims and their
equivalents.WHAT IS CLAIMED IS: 1. A method for
configuring broadcast service data in a digital
broadcasting communication system, the method
comprising: mapping a first zone, corresponding to
broadcast service data of a first type, and a second
zone, corresponding to broadcast service data of a
second type, in a frame individually, wherein the
broadcast service data included in the first zone and
the second zone is sliced into sub-slices according to
a different number of service slicings for each zone.
2. The method of claim 1, wherein the broadcast
service data of the first type comprises broadcast
service data for a mobile terminal, and the broadcast
service data of the second type comprises broadcast
service data for a fixed terminal. 



3. The method of claim 1, wherein the broadcast
service data is sliced into sub-slices corresponding
to the number of service slicings for each zone. 4.
The method of claim 3, wherein an interval between the
sub-slices belonging to the same broadcast service in
each zone is as long as possible in each zone. 5. The
method of claim 1, wherein the number of service
slicings for the first zone is less than the number of
service slicings for the second zone. 6. The method of
claim 1, wherein the first zone and the second zone
are mapped in the frame using a Time Division
Multiplexing (TDM) scheme in which each zone is
continuously allocated in a time domain. 7. The method
of claim 1, wherein the first zone and the second zone
are mapped in the frame such that each zone is
scattered in a time domain in a distributed manner.8.
A frame including broadcast service data in a digital
broadcasting communication system, the frame
comprising: a first zone corresponding to broadcast
service data of a first type and a second zone
corresponding to broadcast service data of a second
type, wherein the first zone and the second zone are
mapped in the frame individually and further wherein
the broadcast service data included in the first zone
and the second zone is sliced into sub-slices
according to a different number of service slicings
for each zone. 9. The frame of claim 8, wherein the
broadcast service data of the first type comprises
broadcast service data for a mobile terminal, and the
broadcast service data of the second type comprises
broadcast service data for a fixed terminal. 10. The
frame of claim 8, wherein the broadcast service data
is sliced into sub-slices corresponding to the number
of service slicings for each zone. 11. The frame of
claim 10, wherein an interval between the sub-slices
belonging to the same broadcast service in each zone
is as long as possible in each zone. 12. The frame of
claim 8, wherein the number of service slicings for
the first zone is less than the number of service
slicings for the second zone. 13. The frame of claim
8, wherein the first zone and the second zone are
mapped in the frame using a Time Division Multiplexing
(TDM) scheme in which each zone is continuously
allocated in a time domain. 14. The frame of claim 8,
wherein the first zone and the second zone are mapped
in the frame such that each zone is scattered in a
time domain in a distributed manner. 15. A method for
transmitting broadcast service data in a digital
broadcasting communication system, the method
comprising:mapping a first zone, corresponding to
broadcast service data of a first type, and a second
zone, corresponding to broadcast service data of a
second type, in a frame individually; and transmitting
the frame, wherein the broadcast service data included
in the first zone and the second zone is sliced into
sub-slices according to a different number of service
slicings for each zone. 16. The method of claim 15,
wherein the broadcast service data of the first type
comprises broadcast service data for a mobile
terminal, and the broadcast service data of the second
type comprises broadcast service data for a fixed
terminal. 17. The method of claim 15, wherein the
broadcast service data is sliced into sub-slices
corresponding to the number of service slicings for
each zone. 18. The method of claim 17, wherein an
interval between the sub-slices belonging to the same
broadcast service in each zone is as long as possible
in 



each zone. 19. The method of claim 15, wherein the
number of service slicings for the first zone is less
than the number of service slicings for the second
zone. 20. The method of claim 15, wherein the first
zone and the second zone are mapped in the frame using
a Time Division Multiplexing (TDM) scheme in which
each zone is continuously allocated in a time domain.
21. The method of claim 15, wherein the first zone and
the second zone are mapped in the frame such that each
zone is scattered in a time domain in a distributed
manner. 22. A method for receiving broadcast service
data in a digital broadcasting communication system,
the method comprising: receiving a frame in which
broadcast service data is included,wherein a first
zone, corresponding to broadcast service data of a
first type, and a second zone, corresponding to
broadcast service data of a second type, are mapped in
the frame individually, and further wherein the
broadcast service data included in the first zone and
the second zone is sliced into sub-slices according to
a different number of service slicings for each zone.
23. The method of claim 22, wherein the broadcast
service data of the first type comprises broadcast
service data for a mobile terminal, and the broadcast
service data of the second type comprises broadcast
service data for a fixed terminal. 24. The method of
claim 22, wherein the broadcast service data is sliced
into sub-slices corresponding to the number of service
slicings for each zone. 25. The method of claim 24,
wherein an interval between the sub-slices belonging
to the same broadcast service in each zone is as long
as possible in each zone. 26. The method of claim 22,
wherein the number of service slicings for the first
zone is less than the number of service slicings for
the second zone. 27. The method of claim 22, wherein
the first zone and the second zone are mapped in the
frame using a Time Division Multiplexing (TDM) scheme
in which each zone is continuously allocated in a time
domain. 28. The method of claim 22, wherein the first
zone and the second zone are mapped in the frame such
that each zone is scattered in a time domain in a
distributed manner. 29. An apparatus for transmitting
broadcast service data in a digital broadcasting
communication system, the apparatus comprising: a
frame configurator for configuring a frame by mapping
a first zone, corresponding to broadcast service data
of a first type, and a second zone,corresponding to
broadcast service data of a second type, in the frame
individually; and a frame transmitter for transmitting
the configured frame, wherein the broadcast service
data included in the first zone and the second zone is
sliced into sub-slices according to a different number
of service slicings for each zone. 30. The apparatus
of claim 29, wherein the broadcast service data of the
first type comprises broadcast service data for a
mobile terminal, and the broadcast service data of the
second type comprises broadcast service data for a
fixed terminal. 31. The apparatus of claim 29, wherein
the broadcast service data is sliced into sub-slices
corresponding to the number of service slicings for
each zone. 32. The apparatus of claim 31, wherein an
interval between the subslices belonging to the same
broadcast service in each zone is as long as possible
in each zone. 33. The apparatus of claim 29, wherein
the number of service slicings 



for the first zone is less than the number of service
slicings for the second zone. 34. The apparatus of
claim 29, wherein the first zone and the second zone
are mapped in the frame using a Time Division
Multiplexing (TDM) scheme in which each zone is
continuously allocated in a time domain. 35. The
apparatus of claim 29, wherein the first zone and the
second zone are mapped in the frame such that each
zone is scattered in a time domain in a distributed
manner. 36. An apparatus for receiving broadcast
service data in a digital broadcasting communication
system, the apparatus comprising: a receiver for
receiving a frame including the broadcast service data
and for demodulating the received frame,wherein a
first zone, corresponding to broadcast service data of
a first type, and a second zone, corresponding to
broadcast service data of a second type, are mapped in
the frame individually and further wherein the
broadcast service data included in the first zone and
the second zone is sliced into sub-slices according to
a different number of service slicings for each zone.
37. The apparatus of claim 36, wherein the broadcast
service data of the first type comprises broadcast
service data for a mobile terminal, and the broadcast
service data of the second type comprises broadcast
service data for a fixed terminal. 38. The apparatus
of claim 36, wherein the broadcast service data is
sliced into sub-slices corresponding to the number of
service slicings for each zone. 39. The apparatus of
claim 38, wherein an interval between the subslices
belonging to the same broadcast service in each zone
is as long as possible in each zone. 40. The apparatus
of claim 36, wherein the number of service slicings
for the first zone is less than the number of service
slicings for the second zone. 41. The apparatus of
claim 36, wherein the first zone and the second zone
are mapped in the frame using a Time Division
Multiplexing (TDM) scheme in which each zone is
continuously allocated in a time domain. 42. The
apparatus of claim 36, wherein the first zone and the
second zone are mapped in the frame such that each
zone is scattered in a time domain in a distributed
manner. 


