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(57) Abstract: A transmitter is provided. The transmitter includes: a Low Density Parity Check (LDPC) encoder configured to en-
code input bits to generate an LDPC codeword including the input bits and parity bits to be transmitted in a current frame; a parity
permutator configured to perform parity-permutation by interleaving the parity bits and group-wise interleaving a plurality of bit
groups configuring the interleaved parity bits based on a group-wise interleaving pattern including a first pattern and a second pat -
tern; a puncturer configured to puncture some of the parity-permutated parity bits; and an additional parity generator configured to
select at least some of the punctured parity bits to generate additional parity bits to be transmitted in a previous frame of the current
frame, based on the first pattern and the second pattern, wherein the first pattern determines parity bits to remain after the puncturing
and then to be transmitted in the current frame.
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Description
Title of Invention: TRANSMITTER AND METHOD FOR

GENERATING ADDITIONAL PARITY THEREOF
Technical Field

Apparatuses and methods consistent with the exemplary embodiments of the
inventive concept relate to a transmitter and a method for generating an additional

parity for signal transmission.

Background Art

Broadcast communication services in information oriented society of the 21st century
are entering an era of digitalization, multi-channelization, bandwidth broadening, and
high quality. In particular, as a high definition digital television (TV) and portable
broadcasting signal reception devices are widespread, digital broadcasting services
have an increased demand for a support of various receiving schemes.

According to such demand, standard groups set up broadcasting communication
standards to provide various signal transmission and reception services satisfying the
needs of a user. Still, however, a method for providing better services to a user with

more improved performance is required.
Disclosure of Invention

Technical Problem

The exemplary embodiments of the inventive concept may overcome disadvantages
of relegated art signal transmitter and receiver and methods thereof. However, these
embodiments are not required to or may not overcome such disadvantages.

The exemplary embodiments provide a transmitter and a method for generating an
additional parity using interleaving patterns.
Solution to Problem

According to an aspect of an exemplary embodiment, there is provided a transmitter
which may include: a Low Density Parity Check (LDPC) encoder configured to
encode input bits to generate an LDPC codeword including the input bits and parity
bits to be transmitted in a current frame; a parity permutator configured to perform
parity-permutation by interleaving the parity bits and group-wise interleaving a
plurality of bit groups configuring the interleaved parity bits based on a group-wise in-
terleaving pattern including a first pattern and a second pattern; a puncturer configured
to puncture some of the parity-permutated parity bits; and an additional parity
generator configured to select at least some of the punctured parity bits to generate ad-
ditional parity bits to be transmitted in a previous frame of the current frame, based on

the first pattern and the second pattern, wherein the first pattern determines parity bits
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to remain after the puncturing and then to be transmitted in the current frame.

The second pattern may determine bit groups to be always punctured in the plurality
of bit groups regardless of a number of parity bits to be punctured by the puncturer,
and the additional parity bits may be generated by selecting at least some of bits
included in the bit groups to be always punctured according to an order of the bit
groups to be always punctured as indicated in the second pattern.

The first pattern may determine some of the parity bits to be punctured, in addition to
the bit groups to be always punctured, based on a total number of parity bits in the
LDPC codeword to be transmitted in the current frame.

The first pattern may determine an order of selecting bits, from among the some of
the parity bits to be punctured determined by the first pattern, to generate the additional
parity bits.

The first pattern may determine an order of puncturing bits within the some of the
parity bits to be punctured determined by the first pattern, and the second pattern may
determine the bit groups to be always punctured without any order of puncturing bits
within the bit groups to be always punctured.

According to an aspect of another exemplary embodiment, there is provided a
method for generating an additional parity. The method may includes: encoding input
bits to generate parity bits to be transmitted in a current frame along with the input bits;
performing parity-permutation by interleaving the parity bits and group-wise in-
terleaving a plurality of bit groups configuring the interleaved parity bits based on a
group-wise interleaving pattern including a first pattern and a second pattern;
puncturing some of the parity-permutated parity bits; and selecting at least some of the
punctured parity bits to generate additional parity bits to be transmitted in a previous
frame of the current frame, based on the first pattern and the second pattern, wherein
the first pattern determines parity bits to remain after the puncturing and then to be
transmitted in the current frame.

The second pattern may determine bit groups to be always punctured among the
plurality of bit groups regardless of a number of parity bits to be punctured by the
puncturing, and the additional parity bits may be generated by selecting at least some
of bits included in the bit groups to be always punctured according to an order of the
bit groups to be always punctured as indicated in the second pattern.

The group-wise interleaving may be performed based on Equation 11 and an order
for the parity permutation with respect to the second pattern based on Table 4.

In the encoding, 9720 parity bits may be generated by encoding 6480 input bits at a
code rate of 6/15.

The LDPC codeword after the punturing may be mapped to constellation symbols by
64-QAM to be transmitted to a receiver.
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Various aspects and advantages of the exemplary embodiments will be set forth in
part in the description which follows and, in part, will be obvious from the description,
or may be learned by practice of the exemplary embodiments.

Advantageous Effects of Invention

As described above, according to the exemplary embodiments, specific LDPC parity
bits may be selected as the additional parity bits to improve decoding performance of a
receiver.

Brief Description of Drawings

The above and/or other aspects of the exemplary embodiments will be described
herein with reference to the accompanying drawings, in which:

FIG. 1 is a block diagram for describing a configuration of a transmitter, according to
an exemplary embodiment;

FIGs. 2 and 3 are diagrams for describing parity check matrices, according to
exemplary embodiments;

FIG. 4 is a diagram illustrating an example of dividing an LDPC codeword into a
plurality of bit groups, according to an exemplary embodiment;

FIGs. 5 and 6 are diagrams for describing methods for generating additional parity
bits, according to an exemplary embodiment;

FIG. 7 is a diagram illustrating a parity check matrix having a quasi cyclic structure,
according to an exemplary embodiment;

FIG. 8 is a diagram for describing a frame structure, according to an exemplary em-
bodiment;

FIGs. 9 and 10 are block diagrams for describing detailed configurations of a
transmitter, according to exemplary embodiments;

FIGs. 11 to 24 are diagrams for describing methods for processing signaling
according to exemplary embodiments;

FIGs. 25 and 26 are block diagrams for describing configurations of a receiver
according to exemplary embodiments;

FIGs. 27 and 28 are diagrams for describing examples of combining Log Likelihood
Ratio (LLR) values at a receiver, according to exemplary embodiments;

FIG. 29 is a diagram illustrating an example of providing information on a length of
L1 signaling according to an exemplary embodiment; and

FIG. 30 is a flow chart for describing a method for generating an additional parity,

according

Best Mode for Carrying out the Invention

Mode for the Invention
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Hereinafter, exemplary embodiments of the inventive concept will be described in
more detail with reference to the accompanying drawings.

FIG. 1 is a block diagram for describing a configuration of a transmitter according to
an exemplary embodiment.

Referring to FIG. 1, a transmitter 100 includes an LDPC encoder 110, a parity
permutator 120, a puncturer 130 and an additional parity generator 140.

The LDPC encoder 110 may encode input bits. In other words, the LDPC encoder
110 may perform Low Density Parity Check (LDPC) encoding on the input bits to
generate parity bits, that is, LDPC parity bits.

Here, the input bits are LDPC information bits for the LDPC encoding, and may
include outer-encoded bits and zero bits. The outer-encoded bits include information
bits and parity bits (or parity-check bits) generated by outer-encoding the information
bits.

The information bits may be signaling (alternatively referred to as "signaling bits" or
"signaling information"). The information bits may include information required for a
receiver 200 (as illustrated in FIG. 25 or 26) to receive and process service data (for
example, broadcasting data) transmitted from the transmitter 100.

The outer encoding is a coding operation which is performed before inner encoding
in a concatenated coding operation, and may use various encoding schemes such as
Bose, Chaudhuri, Hocquenghem (BCH) encoding and/or cyclic redundancy check
(CRC) encoding. In this case, an inner code for inner encoding may be an LDPC code.

For LDPC encoding, a predetermined number of LDPC information bits depending
on a code rate and a code length are required. Therefore, when the number of outer-
encoded bits generated by outer-encoding the information bits is less than the required
number of LDPC information bits, an appropriate number of zero bits are padded to
obtain the required number of LDPC information bits for the LDPC encoding.
Therefore, the outer-encoded bits and the padded zero bits may configure the LDPC in-
formation bits as many as the number of bits required for the LDPC encoding.

Since the padded zero bits are bits required to obtain the predetermined number of
bits for the LDPC encoding, the padded zero bits are LDPC-encoded, and then, are not
transmitted to the receiver 200. As such, a procedure of padding zero bits, and then,
not transmitting the padded zero bits to the receiver 200 may be called shortening. In
this case, the padded zero bits may be called shortening bits (or shortened bits).

For example, it is assumed that the number of information bits is K, and the number
of bits when M, parity bits are added to the information bits by the outer encoding,
that is, the number of outer-encoded bits including the information bits and the parity
bits is Noueer(=KsigtMouter)-

In this case, when the number N, of outer-encoded bits is less than the number Kiqp.
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of LDPC information bits, Kjg,.-Nouer zero bits are padded so that the outer-encoded
bits and the padded zero bits may configure the LDPC information bits together.

The foregoing example describes that zero bits are padded, which is only one
example.

When the information bits are signaling for data or service data, a length of the in-
formation bits may vary depending on the amount of the data. Therefore, when the
number of information bits is greater than the number of LDPC information bits
required for the LDPC encoding, the information bits may be segmented below a
specific value.

Therefore, when the number of information bits or the number of segmented in-
formation bits is less than a number obtained by subtracting the number of parity bits
(that is, M) generated by the outer encoding from the number of LDPC information
bits, zero bits are padded as many as the number obtained by subtracting the number of
outer-encoded bits from the number of LDPC information bits so that the LDPC in-
formation bits may be formed of the outer-encoded bits and the padded zero bits.

However, when the number of information bits or the number of segmented in-
formation bits are equal to the number obtained by subtracting the number of parity
bits generated by outer encoding from the number of LDPC information bits, the
LDPC information bits may be formed of the outer-encoded bits without padded zero
bits.

The foregoing example describes that the information bits are outer-encoded, which
is only one example. However, the information bits may not be outer-encoded and
configure the LDPC information bits along with the zero bits padded depending on the
number of information bits or only the information bits may configure the LDPC in-
formation bits without separately padding zero bits.

For convenience of explanation, the outer encoding will be described below under an
assumption that it is performed by BCH encoding.

In detail, the input bits will be described under an assumption that they include BCH
encoded bits and the zero bits, the BCH encoded bits including the information bits
and BCH parity-check bits (or BCH parity bits) generated by BCH-encoding the in-
formation bits.

That is, it is assumed that the number of the information bits is K;;, and the number of
bits when M, BCH parity-check bits by the BCH encoding are added to the in-
formation bits, that is, the number of BCH encoded bits including the information bits
and the BCH parity-check bits is Noyer(=Kige+Mouer). Here, Moy =168.

The foregoing example describes that zero bits, which will be shortened, are padded,
which is only one example. That is, since zero bits are bits having a value preset by the

transmitter 100 and the receiver 200 and padded only to form LDPC information bits
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along with information bits including information to be substantially transmitted to the
receiver 200, bits having another value (for example, 1) preset by the transmitter 100
and the receiver 200 instead of zero bits may be padded for shortening.

The LDPC encoder 110 may systematically encode LDPC information bits to
generate LDPC parity bits, and output an LDPC codeword (or LDPC-encoded bits)
formed of the LDPC information bits and the LDPC parity bits. That is, the LDPC
code is a systematic code, and therefore, the LDPC codeword may be formed of the
LDPC information bits before being LDPC-encoded and the LDPC parity bits
generated by the LDPC encoding.

For example, the LDPC encoder 110 may LDPC-encode K4, LDPC information bits

1= (ig, 1y, . 1) to generate Ny puiy LDPC parity bits (po, p, ... PN ok 1)

AT § K}dpc- tdpe” > idpe”
and output an LDPC codeword A = (cy, ¢y, ..., ¢ ~ _1) = (g, 115 ooey ¢ K1 Pos P1s +--
ggggg pe
PN K _1) formed of Ninner(:Kldpc+N1de_parity) bits.
Mdpe Idpe

In this case, the LDPC encoder 110 may perform the LDPC encoding on the input
bits (i.e., LDPC information bits) at various code rates to generate an LDPC codeword
having a predetermined length.

For example, the LDPC encoder 110 may perform LDPC encoding on 3240 input
bits at a code rate of 3/15 to generate an LDPC codeword formed of 16200 bits. As
another example, the LDPC encoder 110 may perform LDPC encoding on 6480 input
bits at a code rate of 6/15 to generate an LDPC codeword formed of 16200 bits.

A process of performing LDPC encoding is a process of generating an LDPC
codeword to satisfy H + C'™=0, and thus, the LDPC encoder 110 may use a parity check
matrix to perform the LDPC encoding. Here, H represents the parity check matrix and
C represents the LDPC codeword.

Hereinafter, a structure of the parity check matrix according to various exemplary
embodiments will be described with reference to the accompanying drawings. In the
parity check matrix, elements of a portion other than 1 are 0.

For example, the parity check matrix according to the exemplary embodiment may
have a structure as illustrated in FIG. 2.

Referring to FIG. 2, a parity check matrix 20 may be formed of five sub-matrices A,
B, C, Z and D. Hereinafter, for describing the structure of the parity check matrix 20,
each matrix structure will be described.

The sub-matrix A is formed of K columns and g rows, and the sub-matrix C is
formed of K+g columns and N-K-g rows. Here, K (or Ky4,.) represents a length of
LDPC information bits and N (or Nj,,.,) represents a length of an LDPC codeword.

Further, in the sub-matrices A and C, indexes of a row in which 1 is positioned in a



WO 2016/137256 PCT/KR2016/001880

[62]
[63]

[64]

[65]

[66]

[67]

[68]

[69]

[70]

O-th column of an i-th column group may be defined based on Table 1 when the length
of the LDPC codeword is 16200 and the code rate is 3/15. The number of columns
belonging to a same column group may be 360.

[Table 1]

83728414522 5253 7430 8542 9822 10550 11896 11988
80 255 667 1511 3549 5239 5422 5497 7157 7854 11267
257 406 792 2916 3072 3214 3638 4090 8175 8892 9003

80 150 346 1883 6838 7818 9482 10366 10514 11468 12341
32 100978 3493 6751 7787 8496 10170 10318 10451 12561
504 803 856 2048 6775 7631 8110 8221 8371 9443 10990
152 283 696 1164 4514 4649 7260 7370 11925 11986 12092
127 1034 1044 1842 3184 3387 5931 7577 11898 12339 12689
107 513 979 3934 4374 4658 7286 7809 8830 10804 10893
2045 2499 7197 8887 9420 9922 10132 10540 10816 11876
29326241 7136 7835 8541 9403 9817 11679 12377 12810
2211 2288 3937 4310 5952 6597 9692 10445 11064 11272

Hereinafter, positions (alternatively referred to as "indexes" or "index values") of a
row in which 1 is positioned in the sub-matrices A and C will be described in detail
with reference to, for example, Table 1.

When the length of an LDPC codeword is 16,200 and the code rate is 3/15, coding
parameters M;, M,, Q, and Q, based on the parity check matrix 200 each are 1080,
11880, 3 and 33.

Here, Q; represents a size at which columns belonging to a same column group in the
sub-matrix A are cyclic-shifted, and Q, represents a size at which columns belonging
to a same column group in the sub-matrix C are cyclic-shifted.

Further, Q;=M//L, Q,=M,/L, M,= g, M,=N-K-g and L represents an interval at
which patterns of a column are repeated in the sub-matrices A and C, respectively, that
is, the number (for example, 360) of columns belonging to a same column group.

The indexes of the row in which 1 is positioned in the sub-matrices A and C, re-
spectively, may be determined based on an M, value.

For example, in above Table 1, since M;=1080, the position of a row in which 1 is
positioned in a O-th column of an i-th column group in the sub-matrix A may be de-
termined based on values less than 1080 among index values of above Table 1, and the
position of a row in which 1 is positioned in a O-th column of an i-th column group in
the sub-matrix C may be determined based on values equal to or greater than 1080
among the index values of above Table 1.

In detail, a sequence corresponding to a O-th column group in above Table 1 is "8
372 841 4522 5253 7430 8542 9822 10550 11896 11988". Therefore, in a O-th column
of a 0-th column group in the sub-matrix A, 1 may be positioned in an eighth row, a
372-th row, and an 841-th row, respectively, and in a O-th column of a 0-th column
group in the sub-matrix C, 1 may be positioned in a 4522-th row, a 5253-th row, a
7430-th row, an 8542-th row, a 9822-th row, a 10550-th row, a 11896-th row, and a
11988-row, respectively.
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In the sub-matrix A, when the position of 1 is defined in a 0-th columns of each
column group, it may be cyclic-shifted by Q, to define a position of a row in which 1 is
positioned in other columns of each column group, and in the sub-matrix C, when the
position of 1 is defined in a O-th columns of each column group, it may be cyclic-
shifted by Q, to define a position of a row in which 1 is positioned in other columns of
each column group.

In the foregoing example, in the O-th column of the 0-th column group in the sub-
matrix A, 1 is positioned in an eighth row, a 372-th row, and an 841-th row. In this
case, since Q,=3, indexes of a row in which 1 is positioned in a first column of the 0-th
column group may be 11(=8+3), 375(=372+3), and 844(=841+3) and indexes of a row
in which 1 is positioned in a second column of the 0-th column group may be
14(=1143), 378(=375+3), and 847(= 844+3).

In a O-th column of a O-th column group in the sub-matrix C, 1 is positioned in a
4522-th row, a 5253-th row, a 7430-th row, an 8542-th row, a 9822-th row, a 10550-th
row, a 11896-th row, and a 11988-th row. In this case, since Q,=33, the indexes of the
row in which 1 is positioned in a first column of the O-th column group may be
4555(=4522+33), 5286(=5253+33), 7463(=7430+33), 8575(=8542+33),
9855(=9822+33) 10583(=10550+433), 11929(=11896+33), and 12021(=11988+33) and
the indexes of the row in which 1 is positioned in a second column of the 0-th column
group may be 4588(=4555+33), 5319(=5286+33), 7496(=7463+33), 8608(=8575+33),
9888(=9855+33), 10616(=10583+33), 11962(=11929+33), and 12054(=12021+33).

According to the scheme, the positions of the row in which 1 is positioned in all the
column groups in the sub-matrices A and C may be defined.

The sub-matrix B is a dual diagonal matrix, the sub-matrix D is an identity matrix,
and the sub-matrix Z is a zero matrix.

As aresult, the structure of the parity check matrix 20 as illustrated in FIG. 2 may be
defined by the sub-matrices A, B, C, D and Z having the above structure.

Hereinafter, a method for performing, by the LDPC encoder 110, LDPC encoding
based on the parity check matrix 20 as illustrated in FIG. 2 will be described.

The LDPC code may be used to encode an information block S = (s, sy, ..., Sk.1). In
this case, to generate an LDPC codeword A = (ho, Ay, ..., Axy) having a length of

N=K+M,;+M,, parity blocks P = (po, p1, - ) from the information block S

P oAr oA

may be systematically encoded.

As aresult, the LDPC codeword may be A=(Sy, S1, -..» Sk_15 Po> P1s -+ P ar s _1).

Here, M, and M, each represent a size of parity sub-matrices corresponding to the

dual diagonal sub-matrix B and the identity sub-matrix D, respectively, in which M ;=g
and M,=N-K-g.
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A process of calculating parity bits may be represented as follows. Hereinafter, for
convenience of explanation, a case in which the parity check matrix 20 is defined as
above Table 1 will be described as one example.

Step 1) It is initialized to A;=s; (i=0, 1, ..., K-1), ,=0 (j=0, 1, ..., M+M,-1).

Step 2) A first information bit A, is accumulated in a parity bit address defined in the
first row of above Table 1.

Step 3) For the next L-1 information bits A,(m=1, 2, ..., L-1), A, is accumulated in
the parity bit address calculated based on following Equation 1.

(x + mxQ,) mod M, (if x < M)

M, + {(x-M;+ mxQ,) mod M,} (if x > M) .... (1)

In above Equation 1, x represents an address of a parity bit accumulator corre-
sponding to a first information bit A,. Further, Q;=M,/L. and Q,=M,/L..

Further, Q;=M,/L and Q,=M,/L. In this case, since the length of the LDPC codeword
is 16200 and the code rate is 3/ 15, M;=1080, M,=11880, Q,=3, Q,=33, L=360.

Step 4) Since the parity bit address like the second row of above Table 1 is given to
an L-th information bit A, , similar to the foregoing scheme, the parity bit address for
next L-1 information bits A, (m=L+1, L+2, ..., 2L-1) is calculated by the scheme
described in the above step 3). In this case, x represents the address of the parity bit ac-
cumulator corresponding to the information bit A, and may be obtained based on the
second row of above Table 1.

Step 5) For L new information bits of each group, the new rows of above Table 1 are
set as the address of the parity bit accumulator and thus the foregoing process is
repeated.

Step 6) After the foregoing process is repeated from the codeword bit A, to Ay, a

value for following Equation 2 is sequentially calculated from i = 1.
P = P,@®Pyy (=12, ... My-1) =~ (2

Step 7) The parity bits Ag to 3 corresponding to the dual diagonal sub-matrix

Et+ M -1

B are calculated based on following Equation 3.
}\-K+L><t+s:pQ1><s+t (OSS < L, OSt< Q1) (3)
Step 8) The address of the parity bit accumulator for the L new codeword bits Ak to

R o ny ., OF cach group is calculated based on the new row of above Table 1 and

above Equation 1.

Step 9) After the codeword bits Ag to 3, are applied, the parity bits 3_

K+ -1 K+ AL

to 3 corresponding to the sub-matrix D are calculated based on following

KM M

Equation 4.
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[107]

[108]

MM issees=Puirqaxss (0S8 <L, 0<t<Qy) .... (4)

As aresult, the parity bits may be calculated by the above scheme. However, this is
only one example, and thus, the scheme for calculating the parity bits based on the
parity check matrix as illustrated in FIG. 2 may be variously defined.

As such, the LDPC encoder 110 may perform the LDPC encoding based on above
Table 1 to generate the LDPC codeword.

In detail, the LDPC encoder 110 may perform the LDPC encoding on 3240 input
bits, that is, the LDPC information bits at the code rate of 3/15 based on above Table 1
to generate 12960 LDPC parity bits, and output the LDPC parity bits and the LDPC
codeword including the LDPC parity bits. In this case, the LDPC codeword may be
formed of 16200 bits.

As another example, the parity check matrix according to the exemplary embodiment
may have a structure as illustrated in FIG. 3.

Referring to FIG. 3, a parity check matrix 30 is formed of an information sub-matrix
31 which is a sub-matrix corresponding to the information bits (that is, LDPC in-
formation bits) and a parity sub-matrix 32 which is a sub-matrix corresponding to the
parity bits (that is, LDPC parity bits).

The information sub-matrix 31 includes K4, columns and the parity sub-matrix 32
includes Nigpe pariy=Ninner-Kiape cOlumns. Meanwhile, the number of rows of the parity
check matrix 30 is equal to the number Nigpe pariy=Ninner-Kiape Of columns of the parity
sub-matrix 32.

Further, in the parity check matrix 30, N;,,., represents the length of the LDPC
codeword, K4, represents the length of the information bits, and Nigpe parity=Ninner Kidpe
represents the length of the parity bits.

Hereinafter, the structures of the information sub-matrix 31 and the parity sub-matrix
32 will be described.

The information sub-matrix 31 is a matrix including the Kj,,. columns (that is, O-th
column to (Kjg4y-1)-th column) and depends on the following rule.

First, the K4, columns configuring the information sub-matrix 31 belong to the same
group by M numbers and are divided into a total of K,q,./M column groups. The
columns belonging to the same column group have a relationship that they are cyclic-
shifted by Q4. from one another. That is, the Q,4, may be considered as a cyclic shift
parameter value for columns of the column group in the information sub-matrix con-
figuring the parity check matrix 30.

Here, the M is an interval (for example, M = 360) at which the patterns of the
columns in the information sub-matrix 31 are repeated and Q4 is a size at which each
column in the information sub-matrix 31 is cyclic-shifted. The M is a common divisor
of the Nipqer and the Ky, and is determined so that Qiape=(Ninner-Kiape)/M 15 established.
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[109]

[110]

[111]

[112]
[113]
[114]

[115]

[116]

[117]

[118]

Here, M and Q,q, are integers, respectively, and K,q,./M also becomes an integer.
Meanwhile, the M and the Q,q,. may have various values depending on the length of
the LDPC codeword and the code rate.

For example, when the M=360, the length N;,,., of the LDPC codeword is 16200, and
the code rate is 6/15, the Q4. may be 27.

Second, if a degree (herein, the degree is the number of values 1s positioned in the
column and the degrees of all the columns belonging to the same column group are the
same) of a 0-th column of an i-th (i=0, 1, ..., Kj4,./M-1) column group is set to be D;
and positions (or index) of each row in which 1 is positioned in the O-th column of the

. . ) . . .
i-th column group is set to be R Z_(,(())), R S))’ o ff; D), an index R i;-) of arow in

which a k-th 1 is positioned in a j-th column in the i-th column group is determined
based on following Equation 5.
Fid 1(5) = R 1(18_1) + Qldpc mOd (Ninner B Kldpc) (5)

In above Equation 5,k=0,1,2, ...,D-1;1=0,1, ..., K@w/M-1;j=1, 2, ..., M-1.
Meanwhile, above Equation 5 may be represented like following Equation 6.
R fj) = (R i’f)) + (J mOd M)XQlde) mod (Ninner - Kldpc) (6)

In above Equation 6, k=0, 1,2, ..., D;-1;1=0,1, ..., Kipe/M-1;j=1, 2, ..., M-1. In
above Equation 6, since j =1, 2, ..., M-1, (j mod M) may be considered as j.

In these Equations, z ¢ represents the index of the row in which the k-th 1 is po-
£

sitioned in the j-th column in the i-th column group, the N;,,., represents the length of
the LDPC codeword, the Kjq,. represents the length of the information bits, the D,
represents the degree of the columns belonging to the i-th column group, the M
represents the number of columns belonging to one column group, and the Qg
represents the size at which each column is cyclic-shifted.

As aresult, referring to the above Equations, if a R (f(f)) value is known, the index

r ® of the row in which the k-th 1 is positioned in the j-th column of the i-th column
ij

group may be known. Therefore, when the index value of the row in which the k-th 1
is positioned in the O-th columns of each column group is stored, the positions of the
column and the row in which the 1 is positioned in the parity check matrix 30 (that is,
information sub-matrix 31 of the parity check matrix 30) having the structure of FIG. 3
may be checked.

According to the foregoing rules, all the degrees of the columns belonging to the i-th
column group are D;. Therefore, according to the foregoing rules, the LDPC code in
which the information on the parity check matrix is stored may be briefly represented

as follows.
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[121]
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[123]

[124]

[125]
[126]

[127]

[128]

[129]

[130]

[131]

For example, when the Nj,, is 30, the Kyq, is 15, and the Q. is 3, positional in-
formation of the row in which 1 is positioned in the 0-th columns of three column
groups may be represented by sequences as following Equation 7, which may be

named 'weight-1 position sequence'.

RiG=1LR{3=2.R {3=8.R{4=10
R30-0.R35-9.R 513

Ri0=0.Rg=14 - (7)

In above Equation 7, g ¢ represents the indexes of the row in which the k-th 1 is
7

positioned in the j-th column of the i-th column group.
The weight-1 position sequences as above Equation 7 representing the index of the

row in which 1 is positioned in the O-th columns of each column group may be more

briefly represented as following Table 2.
[Table 2]

12810

0913
014

Above Table 2 represents positions of elements having 1 value in the parity check
matrix and the i-th weight-1 position sequence is represented by the indexes of the row
in which 1 is positioned in the O-th column belonging to the i-th column group.

The information sub-matrix 31 of the parity check matrix according to the exemplary
embodiment described above may be defined based on following Table 3.

Here, following Table 3 represents the indexes of the row in which 1 is positioned in
the O-th column of the i-th column group in the information sub-matrix 31. That is, the
information sub-matrix 31 is formed of a plurality of column groups each including M
columns and the positions of 1s in the O-th columns of each of the plurality of column
groups may be defined as following Table 3.

For example, when the length N, of the LDPC codeword is 16200, the code rate is
6/15, and the M is 360, the indexes of the row in which 1 is positioned in the 0-th
column of the i-th column group in the information sub-matrix 31 are as following
Table 3.

[Table 3]
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[132] 27 430 519 828 1897 1943 2513 2600 2640 3310 3415 4266 5044 5100 5328 5483 5928 6204 6392 6416 6602 7019 7415 7623 8112 8485 8724 8994 9445 9667
27 174 188 631 1172 1427 1779 2217 2270 2601 2813 3196 3582 3895 3908 3948 4463 4955 5120 5809 5988 6478 6604 7096 7673 7735 7795 8925 9613 €670
27 370 617 852 910 1030 1326 1521 1606 2118 2248 2909 3214 3413 3623 3742 3752 4317 4694 5300 5687 6039 6100 6232 6491 6621 6860 7304 8542 8634
990 1753 7635 8510
933 1415 5666 8745
27 8567 8707 9216
2341 8692 9580 9615
260 1092 5833 6080
352 3750 4847 7726
4610 6580 9506 2597
2512 2974 4814 9348
1461 4021 5060 7009
1796 2883 5553 8306
1249 5427 7057
3965 6968 3422
1498 2931 5092
27 1090 6215
26 4232 6354
[133] According to another exemplary embodiment, a parity check matrix in which an

[134]

[135]

[136]

[137]

order of indexes in each sequence corresponding to each column group in above Table
3 is changed is considered as asame parity check matrix for an LDPC code as the
above described parity check matrix is another example of the inventive concept.

According to still another exemplary embodiment, a parity check matrix in which an
array order of the sequences of the column groups in above Table 3 is changed is also
considered as a same parity check matrix as the above described parity check matrix in
that they have a same algebraic characteristics such as cycle characteristics and degree
distributions on a graph of a code.

According to yet another exemplary embodiment, a parity check matrix in which a
multiple of Quq,. 1s added to all indexes of a sequence corresponding to column group
in above Table 3 is also considered as a same parity check matrix as the above
described parity check matrix in that they have a same cycle characteristics and degree
distributions on the graph of the code. Here, it is to be noted that when a value
obtained by adding the multiple of Q,q4, to a given sequence is equal to or more than N
inner- Kiape, the value needs to be changed into a value obtained by performing a modulo
operation on the Ni,.-Kjq, and then applied.

Meanwhile, if the position of the row in which 1 is positioned in the O-th column of
the i-th column group in the information sub-matrix 31 as shown in above Table 3 is
defined, it may be cyclic-shifted by Q4. and thus, the position of the row in which 1 is
positioned in other columns of each column group may be defined.

For example, as shown in above Table 3, since the sequence corresponding to the
0-th column of the O-th column group of the information sub-matrix 31 is "27 430 519
828 1897 1943 2513 2600 2640 3310 3415 4266 5044 5100 5328 5483 5928 6204
6392 6416 6602 7019 7415 7623 8112 8485 8724 8994 9445 9667", in the O-th
column of the O-th column group in the information sub-matrix 31, 1 is positioned in a
27-th row, a 430-th row, a 519-th-row.....
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[138]

[139]
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[141]

[142]

[143]
[144]

[145]

[146]
[147]

[148]

[149]

[150]

In this case, since Qape=(Ninner-Kiape)/M=(16200-6480)/360=27, the indexes of the row
in which 1 is positioned in the first column of the 0-th column group may be
S4(=27427), 457(=430+27), 546(=519427),..., 81(=54+427), 484(=457+27),
573(=546+27),....

By the above scheme, the indexes of the row in which 1 is positioned in all the rows
of each column group may be defined.

Hereinafter, the method for performing the LDPC encoding based on the parity
check matrix 30 as illustrated in FIG. 3 will be described.

First, information bits to be encoded are set to be iy, 1y, ..., X 1 and code bits

Idpe”

output from the LDPC encoding are set to be ¢y €1, ..., ¢ ,, -

tdpe”

Further, since the LDPC code is systematic, for k (0<k <Ky,-1), ¢y is set to be i.

Meanwhile, the remaining code bits are set to be PE T Crin,

Hereinafter, a method for calculating parity bits py will be described.

Hereinafter, q(i, j, 0) represents a j-th entry of an i-th row in an index list as above
Table 3, and q(i, j, 1) is set to be q(i, j, 1) = q(i, J, 0)+QuapeX1 (Mod Nipper-Kigpe) for 0 <i <
360. Meanwhile, all the accumulations may be realized by additions in a Galois field
(GF) (2). Further, in above Table 3, since the length of the LDPC codeword is 16200
and the code rate is 6/15, the Q4. 1 27.

Meanwhile, when the ¢(i,j,0) and the q(i,j,1) are defined as above, a process of cal-
culating the parity bit is as follows.

Step 1) The parity bits are initialized to ‘0. That is, px = 0 for 0 < k < Nipner-Kiape-

Step 2) For all k values of 0 < k < K4, 1 and 1 are set to be and l:=k

= |_k/360j

(mod 360). Here, L is a maximum integer which is not greater than x.
X

Next, for all 1, i is accumulated in py(i.,j,1). That is, p,(1,0,1)=p,(1,0,D+ix, py(,1,1)=p,
(1, 1,D4y, po(1,2,.D=py(1,2,)+i,..., psd,w(1)-1,D)=p,(1,w(i)-1,1)+iy are calculated.

Here, w(i) represents the number of the values (elements) of the i-th row in the index
list as above Table 3 and represents the number of 1s of the column corresponding to
ik in the parity check matrix. Further, in above Table 3, the q(i, j, 0) which is the j-th
entry of the i-th row is the index of the parity bit and represents the position of the row
in which 1 is positioned in the column corresponding to the ix in the parity check
maitrix.

In detail, in above Table 3, the q(i,j,0) which is the j-th entry of the i-th row
represents the position of the row in which 1 is positioned in the first (that is, O-th)

column of the i-th column group in the parity check matrix of the LDPC code.
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[151]

[152]

[153]

[154]

[155]

[156]

[157]

[158]

[159]

[160]

[161]

The q(i, j, 0) may also be considered as the index of the parity bit to be generated by
the LDPC encoding according to a method for allowing a real apparatus to implement
a scheme for accumulating i, in p(1, j, 1) for all i, and may also be considered as an
index in another form when another encoding method is implemented. However, this is
only one example, and therefore, it is apparent to obtain an equivalent result to the
LDPC encoding result which may be obtained from the parity check matrix of the
LDPC code which may basically be generated based on the q(i, j, 0) values of above
Table 3 whatever the encoding scheme is applied.

Step 3) The parity bit pk is calculated by calculating py=px+pi 1 for all k satisfying O<
K<Ninner Kidpe-

Accordingly, all code bits cg,cy, ..., ¢ ~ ., May be obtained.

As aresult, parity bits may be calculated by the above scheme. However, this is only
one example, and therefore, the scheme for calculating the parity bits based on the
parity check matrix as illustrated in FIG. 3 may be variously defined.

As such, the LDPC encoder 110 may perform LDPC encoding based on above Table
3 to generate an LDPC codeword.

In detail, the LDPC encoder 110 may perform the LDPC encoding on 6480 input
bits, that is, the LDPC information bits at the code rate of 6 / 15 based on above Table
3 to generate 9720 LDPC parity bits and output the LDPC parity bits and the LDPC
codeword formed of the LDPC parity bits. In this case, the LDPC codeword may be
formed of 16200 bits.

As described above, the LDPC encoder 110 may encode the input bits at various
code rates to generate the LDPC codeword and output the generated LDPC codeword
to the parity permutator 120.

The parity permutator 120 interleaves the LDPC parity bits, and performs group-wise
interleaving on a plurality of bit groups configuring the interleaved LDPC parity bits to
perform parity permutation. However, the parity permutator 120 may not interleave the
LDPC parity bits but may perform the group-wise interleaving on the LDPC parity bits
to perform parity permutation.

The parity permutator 120 may output the parity permutated LDPC codeword to the
puncturer 130.

The parity permutator 120 may also output the parity permutated LDPC codeword to
an additional parity generator 140. In this case, the additional parity generator 140 may
use the parity permutated LDPC codeword to generate additional parity bits.

To this end, the parity permutator 120 may include a parity interleaver (not il-
lustrated) for interleaving the LDPC parity bits and a group-wise parity interleaver (not
illustrated) for group-wise interleaving the LDPC parity bits or the interleaved LDPC
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parity bits.
[162] First, the parity interleaver may interleave the LDPC parity bits. That is, the parity in-

[163]

[164]
[165]

[166]

[167]

[168]

[169]

[170]

[171]

[172]

terleaver may interleave only the LDPC parity bits among the LDPC information bits
and the LDPC parity bits configuring the LDPC codeword.

In detail, the parity interleaver may interleave the LDPC parity bits based on
following Equation 8.

u=c; for 0<i <Ky, (information bits are not interleaved)
for 0<s <360, 0<t <27 .... (8)

U g, +360r+s" C K +275+1

In detail, based on above Equation 8, the LDPC codeword (cy, c, ...,

rrrrr

parity-interleaved by the parity interleaver and an output of the parity interleaver may

be represented by U = (ug, uy, oo, 4, )

By the parity interleaving, the LDPC codeword is configured such that a specific
number of continued bits in the LDPC codeword have similar decoding characteristics
(for example, cycle distribution, degree of column, etc.). For example, the LDPC
codeword may have similar decoding characteristics by each continued M bits. Here,
M may be 360.

The product of the LDPC codeword bits by the parity check matrix need to be '0'".
This means that a sum of the products of the i-th LDPC codeword bits ¢; (i=0, 1, ..., N
imer- 1) by the i-th columns of the parity check matrix needs to be a '0' vector. Therefore,
the i-th LDPC codeword bits may be considered as corresponding to the i-th column of
the parity check matrix.

As to the parity check matrix 30 as illustrated in FIG. 3, elements included in every
M columns of the information sub-matrix 31 belongs to a same group and have the
same characteristics in a column group unit (for example, columns of a same column
group have the same degree distributions and the same cycle characteristics).

Continued M bits in the LDPC information bits correspond to a same column group
in the information sub-matrix 31, and, as a result, the LDPC information bits may be
formed of the continued M bits having the same codeword characteristics. Meanwhile,
if the parity bits of the LDPC codeword are interleaved based on above Equation 8§,
continued M bits of the interleaved parity bits may have the same codeword charac-
teristics.

As aresult, by the parity interleaving, the LDPC codeword is configured such that a
specific number of continued bits have the similar decoding characteristics.

However, when LDPC encoding is performed based on the parity check matrix 20 as
illustrated in FIG. 2, parity interleaving is performed as a part of the LDPC encoding.
Therefore, an LDPC codeword generated based on the parity check matrix 20 as il-
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lustrated in FIG. 2 is not separately parity-interleaved. That is, the parity interleaver for
the parity interleaving is not used.

For example, in an L1 detail mode 2 in Table 5 to be described later, LDPC in-
formation bits are encoded based on the parity check matrix 20 as illustrated in FIG. 2,
and thus, separate parity interleaving is not performed. Here, even when the parity in-
terleaving is not performed, the LDPC codeword bits may be formed of continued M
bits having the same characteristics.

In this case, an output U=(u,, u, ..., _1) of the parity interleaver may be rep-

resented based on following Equation 9.

u;=¢; for 0<i <Niper ... (9)

As such, the LDPC codeword may simply pass through the parity interleaver without
parity interleaving. However, this is only one example, and in some cases, the LDPC
codeword does not pass through the parity interleaver, and instead, may be directly
provided to the group-wise interleaver to be described below.

The group-wise interleaver may perform group-wise interleaving on the output of the
parity interleaver.

Here, as described above, the output of the parity interleaver may be the LDPC
codeword parity-interleaved by the parity interleaver or may be the LDPC codeword
which is not parity-interleaved by the parity interleaver.

Therefore, when the parity interleaving is performed, the group-wise interleaver may
perform the group-wise interleaving on the parity interleaved LDPC codeword, and
when the parity interleaving is not performed, the group-wise interleaver may perform
the group-wise interleaving on the LDPC codeword.

In detail, the group-wise interleaver may interleave the output of the parity in-
terleaver in a bit group unit (or in a unit of a bit group).

For this purpose, the group-wise interleaver may divide the LDPC codeword output
from the parity interleaver into a plurality of bit groups. As a result, the LDPC parity
bits configuring the LDPC codeword may be divided into a plurality of bit groups.

In detail, the group-wise interleaver may divide the LDPC-encoded bits (uy, uy, ...,

Uy 1) output from the parity interleaver into Ngou(=Ninme/360) bit groups based on

following Equation 10.

Xi={uy | 360xj<k <360x(j+1), 0<k <Nipper} for 0<j <Ngoyp --- (10)

In above Equation 10, X; represents a j-th bit group.

FIG. 4 illustrates an example in which the LDPC codeword output from the parity in-
terleaver is divided into a plurality of bit groups, according to an exemplary em-
bodiment.

Referring to FIG. 4, the LDPC codeword is divided into N ou(=Ninne/360) bit groups
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and each bit group X for 0 < j <Ny, is formed of 360 bits.

As aresult, the LDPC information bits formed of Kjq,. bits may be divided into Ky, /
360 bit groups and the LDPC parity bits formed of Nj;p-Kig,e bits may be divided into
Ninner-Kiape/360 bit groups.

Further, the group-wise interleaver performs the group-wise interleaving on the
LDPC codeword output from the parity interleaver.

In this case, the group-wise interleaver does not perform interleaving on the LDPC
information bits, and may perform the interleaving only on the LDPC parity bits
among the LDPC information bits and the LDPC parity bits to change the order of the
plurality of bit groups configuring the LDPC parity bits.

In detail, the group-wise interleaver may perform the group-wise interleaving on the
LDPC codeword based on following Equation 11. In detail, the group-wise interleaver
may perform the group-wise interleaving on the plurality of bit groups configuring the
LDPC parity bits based on following Equation 11.

Y i=Xopii) Kiape/ 360<j < Niroup - (11)

In above Equation 11, Y; represents a group-wise interleaved j-th bit group, and X;
represents a j-th bit group prior to the group-wise interleaving (that is, X; represents the
j-th bit group among the plurality of bit groups configuring the LDPC codeword, and
Y; represents the group-wise-interleaved j-th bit group). Further, m,(j) represents a per-
mutation order for the group-wise interleaving.

Further, K4, 1s the number of input bits, that is, the number of LDPC information
bits, and N, 1s the number of groups configuring the LDPC codeword formed of the
input bits and the LDPC parity bits.

The permutation order may be defined based on a group-wise interleaving pattern as
shown in following Table 4. That is, the group-wise interleaver determines m,(j) based
on the group-wise interleaving pattern as shown in following Table 4, and as a result
an order of the plurality of bit groups configuring the LDPC parity bits may be
changed.

For example, the group-wise interleaving pattern may be as shown in following
Table 4.

[Table 4]

Order of group-wise interieaving
N w38 5 § < 45)
IO 18) Tmd19) [20) @) md22) [mi28) m24) mf25) mi28) mdlTy 8 [128) {30} [ a3

m32) 1m33) [mi34) (rd36) | m3B) | 37} m{38) m{39) midG) mldl) mid2) | mddl) sl

45 g

- ~ 25 | 42 134 | 18 32 1 38 {23 30 | 28 | 3B | 41

Above Table 4 represents a group-wise interleaving pattern for a case in which the
LDPC encoder 110 performs the LDPC encoding on 6480 input bits at a code rate of
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6/15 to generate 9720 LDPC parity bits and an LDPC codeword generated by the
LDPC encoding is modulated by 64-quadrature amplitude modulation (64-QAM) and
then is transmitted to the receiver 200.

In this case, since some of the LDPC parity bits in the LDPC codeword are to be
punctured by puncturing to be described below, the LDPC codeword in which some of
the LDPC parity bits are punctured may be mapped to constellation symbols by
64-QAM to be transmitted to the receiver 200.

That is, when 6480 LDPC information bits are encoded at the code rate of 6/15, 9720
LDPC parity bits are generated, and as a result the LDPC codeword may be formed of
16200 bits.

Each bit group is formed of 360 bits, and the LDPC codeword formed of 16200 bits
is divided into 45 bit groups.

Here, since the LDPC information bits are 6480 and the LDPC parity bits are 9720, a
O-th bit group to a 17-th bit group correspond to the LDPC information bits and an
18-th bit group to a 44-th bit group correspond to the LDPC parity bits.

In this case, the parity interleaver performs parity interleaving, and the group-wise
interleaver does not perform interleaving on bit groups configuring the LDPC in-
formation bits, that is, the O-th bit group to the 17-th bit group but may interleave bit
groups configuring the interleaved LDPC parity bits, that is, the 18-th bit group to the
44-th bit group in a group unit to change an order of the 18-th bit group to the 44-th bit
group based on above Equation 11 and Table 4.

In detail, in above Table 4, above Equation 11 may be represented like Y =X, Y =X,
yeees Y 16=Xi16, Y 17=X17, Y34=an(34)=X25, Y35=an(35)=X42, Y36:an(36):X34,-~, Y42=an(42)
=X28, Y43:an(43):X36, Y44=an(44)=X41-

Therefore, the group-wise interleaver does not change an order of the O-th bit group
to the 17-th bit group including the LDPC information bits but may change an order of
the 18-th bit group to the 44-th bit group including the LDPC parity bits.

In this case, the group-wise interleaver may change an order of 27 bit groups such
that specific bit groups among 27 bit groups configuring the LDPC parity bits are po-
sitioned at specific positions and the remaining bit groups are randomly positioned at
positions remaining after the specific bit groups are positioned. That is, the group-wise
interleaver may position the specific bit groups at 34-th to 44-th positions and may
randomly position the remaining bit groups at 18-th to 33-th positions.

In detail, the group-wise interleaver positions a 25-th bit group at a 34-th position, a
42-th bit group at a 35-th position, a 34-th bit group at a 36-th position, ..., a 28-th bit
group at a 42-th position, a 36-th bit group at a 43-th position, and a 41-th bit group at
a 44-th position.

Further, the group-wise interleaver randomly positions the remaining bit groups, that
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is, the bit groups, which are positioned at 19-th, 20-th, 21-th, ..., 40-th, 43-th, and
44-th positions before the group-wise interleaving, at the remaining positions. That is,
the remaining bit groups are randomly positioned at positions remaining after the bit
groups each positioned at 25-th, 42-th, ..., 36-th and 41-th positions before the group-
wise interleaving are positioned by the group-wise interleaving. Here, the remaining
positions may be 18-th to 33-th positions.

As such, the parity permutator 120 may interleave the parity bits and perform the
group-wise interleaving on the plurality bit groups configuring the interleaved parity
bits to perform the parity permutation.

That is, the parity permutator 120 may perform the group-wise interleaving on the
plurality of bit groups configuring the interleaved LDPC parity bits based on above
Equation 11 and Table 4.

In detail, when the LDPC encoder 110 performs the LDPC encoding on 6480 LDPC
information bits at the code rate of 6/15 to generate 9720 LDPC parity bits, the parity
permutator 120 divides the interleaved LDPC parity bits into a plurality of bit groups
and may perform the group-wise interleaving based on above Equation 11 and Table 4
to change the order of the plurality of bit groups.

Meanwhile, the parity permutated LDPC codeword bits may be punctured as
described below and modulated by the 64-QAM for transmission to the receiver 200.

Referring to above Table 4, it may be appreciated that the specific bit groups among
the bit groups positioned at 18-th to 44-th positions before the group-wise interleaving
are positioned at 34-th to 44-th positions after the group-wise interleaving and the
remaining bit groups are randomly positioned at 18-th to 33-th positions.

In this case, a pattern defining the bit group positioned at 34-th to 44-th positions
after the group-wise interleaving may be referred to as a second pattern of the group-
wise interleaving, and the other pattern may be referred to as a first pattern.

Here, the first pattern is a pattern used to determine parity bits to be transmitted in a
current frame after puncturing, and the second pattern is a pattern used to determine
additional parity bits transmitted in a previous frame.

As such, the group-wise interleaving pattern may include the first pattern and the
second pattern, and the parity permutator 120 interleaves the parity bits and may
perform the group-wise interleaving on the plurality of bit groups configuring the in-
terleaved parity bits based on the group-wise interleaving pattern including the first
pattern and the second pattern to perform the parity permutation.

The additional parity bits to be described below are determined according to the first
pattern and the second pattern, and the detailed descriptions thereof will be provided
below.

The puncturer 130 punctures some of the parity permutated LDPC parity bits.
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Further, the puncturer 130 may provide information (for example, the number and
positions of punctured bits, etc.) on the punctured LDPC parity bits to the additional
parity generator 140. In this case, the additional parity generator 140 may generate the
additional parity bits based thereon.

Here, the puncturing means that some of the LDPC parity bits are not transmitted to
the receiver 200. In this case, the puncturer 130 may remove the punctured LDPC
parity bits or output only the remaining bits other than the punctured LDPC parity bits
in the LDPC codeword.

For this purpose, the puncturer 130 may calculate the number of LDPC parity bits to
be punctured.

In detail, the puncturer 130 may calculate the number of LDPC parity bits to be
punctured based on N mp Which is calculated based on following Equation 12.

e (12)
N punc_temp = LA X (K Idpc™ N outer) J"‘ B

In above Equation 12, Npune_emp represents a temporary number of LDPC parity bits to
be punctured, and K4, represents the number of LDPC information bits. Nyer
represents the number of outer-encoded bits. Here, when the outer encoding is
performed by BCH encoding, N, represents the number of BCH encoded bits.

A represents a preset constant. According to an exemplary embodiment, a constant A
value is set at a ratio of the number of bits to be punctured to the number of bits to be
shortened but may be variously set depending on requirements of a system. B is a
value which represents a length of bits to be punctured even when the shortening
length is O and represents a minimum length that the punctured LDPC parity bits can
have. Here, A=3/4 and B=4284.

Meanwhile, the A and B values serve to adjust the code rate at which information
bits are actually transmitted. That is, to prepare for a case in which the length of the in-
formation bits is short or a case in which the length of the information bits is long, the
A and B values serve to adjust the actually transmitted code rate to be reduced.

Further, the puncturer 130 calculates N based on following Equation 13.

e (13)
_ [Mw Moo
FEC™ | nmop

In the above Equation 13, - represents a minimum integer which is equal to or
X

greater than x.
Further, Negc emp=Nouert Niape_parity-Npune_emp a0d Nuop 18 @ modulation order. For

example, when an LDPC codeword is modulated by QPSK, 16-quadrature amplitude
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modulation (QAM), 64-QAM or 256-QAM, nMOD may be 2, 4, 6 or 8, respectively.

Further, Nggc is the number of bits configuring a punctured and shortened LDPC
codeword (that is, LDPC codeword bits to remain after puncturing and shortening).

Next, the puncturer 130 calculates N,,,. based on following Equation 14.

Npunc:Npunc_temp_(NFEC_NFEC_temp) (14)

In above Equation 14, N,,,. represents the number of LDPC parity bits to be
punctured.

Referring to the above process, the puncturer 130 calculates the temporary number N
punc_emp Of LDPC parity bits to be punctured, by adding the constant integer B to an
integer obtained from a product result of the number of padded zero bits, that is, the
shortening length (= Kigc-Nower) by the preset constant A value. The constant A value is
set at a ratio of the number of punctured bits to the number of shortened bits according
to an exemplary embodiment, but may be variously set depending on requirements of a
system.

Further, the puncturer 130 calculates a temporary number Nggc emp 0f LDPC
codeword bits to constitute the LDPC codeword after puncturing and shortening based
0N Npunc_temp-

In detail, the LDPC information bits are LDPC-encoded and the LDPC parity bits
generated by the LDPC encoding are added to the LDPC information bits to configure
the LDPC codeword. Here, the LDPC information bits include the BCH encoded bits
in which the information bits are BCH-encoded and, in some cases, may further
include zero bits padded to the information bits.

In this case, since the padded zero bits are LDPC-encoded but are not transmitted to
the receiver 200, the shortened LDPC codeword, that is, the LDPC codeword (that is,
shortened LDPC codeword) without the padded zero bits may be formed of the BCH
encoded bits and the LDPC parity bits. When the zero bits are not padded, the LDPC
codeword may also be formed of the BCH encoded bits and the LDPC parity bits.

Therefore, the puncturer 130 subtracts the temporary number of punctured LDPC
parity bits from the summed value of the number of BCH encoded bits and the number
of LDPC parity bits to calculate Negc emp.-

The punctured and shortened LDPC codeword bits are modulated by 64-QAM to be
mapped to constellation symbols and the constellation symbols may be transmitted to
the receiver 200 through a frame.

Therefore, the puncturer 130 determines the number Nggc of LDPC codeword bits to
constitute the LDPC codeword after puncturing and shortening based on Negc emp, Nrec
being an integer multiple of the modulation order, and determines the number N, of
bits which need to be punctured in the shortened LDPC codeword bits to form Nggc.

Meanwhile, when zero bits are not padded, the LDPC codeword may be formed of
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BCH encoded bits and LDPC parity bits and the shortening may be omitted.

The puncturer 130 may puncture bits as many as the number calculated in the LDPC
parity bits.

In detail, the puncturer 130 may puncture a specific number of bits at a back portion
of the parity permutated LDPC parity bits. That is, the puncturer 130 may puncture N
pune Dits from a last LDPC parity bit among the parity permutated LDPC parity bits.

As such, since the puncturer 130 performs puncturing from the last LDPC parity bit,
a bit group of which the position is changed to the back portion in the LDPC parity bits
by the parity permutation may start to be punctured. That is, the first punctured bit
group may be a bit group interleaved to a last position by the parity permutation.

The additional parity generator 140 may generate additional parity bits to be
transmitted in a previous frame. The additional parity bits may be selected from LDPC
parity bits generated based on the information bits to be transmitted in a current frame
to the receiver 200.

The additional parity generator 140 selects at least some of the punctured LDPC
parity bits to generate the additional parity bits to be transmitted in the previous frame.
The additional parity generator 140 may select all of the punctured LDPC parity bits
and select at least some of the parity permutated LDPC parity bits to generate the ad-
ditional parity bits to be transmitted in the previous frame.

In detail, input bits including information bits are LDPC encoded, and LDPC parity
bits generated by the LDPC encoding are added to the input bits to configure an LDPC
codeword.

Further, puncturing and shortening are performed on the LDPC codeword, and the
punctured and shortened LDPC codeword may be mapped to a frame to be transmitted
to the receiver 200.

In this case, the information bits corresponding to each frame may be transmitted to
the receiver 200 through each frame, along with the LDPC parity bits. For example, a
punctured and shortened LDPC codeword including information bits corresponding to
an (i-1)-th frame may be mapped to the (i-1)-th frame to be transmitted to the receiver
200, and a punctured and shortened LDPC codeword including information bits corre-
sponding to an i-th frame may be mapped to the i-th frame to be transmitted to the
receiver 200.

The additional parity generator 140 may select at least some of the LDPC parity bits
generated based on the information bits transmitted in the i-th frame to generate ad-
ditional parity bits.

In detail, some of the LDPC parity bits generated by performing the LDPC encoding
on the information bits are punctured and then are not transmitted to the receiver 200.

In this case, the additional parity generator 140 may select at least some of the
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punctured LDPC parity bits among the LDPC parity bits generated by performing the
LDPC encoding on the information bits transmitted in the i-th frame, thereby
generating the additional parity bits.

Further, the additional parity generator 140 may select at least some of the LDPC
parity bits transmitted to the receiver 200 through the i-th frame to generate the ad-
ditional parity bits.

In detail, the additional parity generator 140 may select at least some of the LDPC
parity bits included in the punctured and shortened LDPC codeword mapped to the i-th
frame to generate the additional parity bits.

The additional parity bits may be transmitted to the receiver 200 through a frame
before the i-th frame, that is, the (i-1)-th frame.

That is, the transmitter 100 may not only transmit the punctured and shortened LDPC
codeword including the information bits corresponding to the (i-1)-th frame but also
transmits the generated additional parity bits selected from the LDPC parity bits
generated based on the information bits transmitted in the i-th frame to the receiver 200
through the (i-1)-th frame.

Hereinafter, a method for generating additional parity bits will be described in detail.

First, the additional parity generator 140 calculates a temporary number Nap emp Of
additional parity bits to be generated based on following Equation 15.

... (15)
N o e = min {05 X K X (N outer + Ndpc_parity - Npune) } K=012
- (Nidpc_parity + Npunc) ’ L

In above Equation 15, .
. ajfa=sb

min(a,b) = )
b,ifb < a

In above Equation 15, K represents a ratio of the number of additional parity bits to a
half of the length of transmitted LDPC codeword, that is, the total number of punctured
and shortened LDPC codeword bits. However, in above Equation 15, K=0, 1, 2,
which is only one example. Therefore, K may have various values.

Further, Nigpe_parity 18 the number of LDPC parity bits, and N, is the number of
punctured LDPC parity bits. Further, N, represents the number of outer-encoded
bits. In this case, when the outer encoding is performed by BCH encoding, Ny
represents the number of BCH encoded bits.

Further, NoyertNidpe_parity-Npune 18 the total number of bits transmitted in the current
frame (that is, the total number of LDPC codeword bits after puncturing and

shortening), and Nigpe pariy+Npune 18 @ summed value of the number of LDPC parity bits
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and the number of punctured LDPC parity bits.

As such, the number of additional parity bits to be generated may be determined
based on the total number of bits transmitted in the current frame.

Further, the additional parity generator 140 may calculate the number Nyp of ad-

ditional parity bits to be generated based on following Equation 16.

... (16)
NAP tem
_lemp
M == g
" mop
Here, is a maximum integer which is not greater than x. Further, in above

]

Equation 16, Myop is @ modulation order. For example, for QPSK, 16-QAM, 64-QAM
and 256-QAM, Mwop may be 2, 4, 6 and 8§, respectively.

Therefore, the number of additional parity bits may be an integer multiple of the
modulation order. That is, since the additional parity bits are separately modulated
from the information bits to be mapped to constellation symbols, the number of ad-
ditional parity bits to be generated may be determined to be the integer multiple of the
modulation order like above Equation 16.

Hereinafter, the method for generating additional parity bits will be described in
more detail with reference to FIGs. 5 and 6.

FIGs. 5 and 6 are diagrams for describing the method for generating additional parity
bits according to exemplary embodiments. In this case, the parity permutated LDPC

codeword may be represented like V=(vg, vy, ..., 1 ~ _1).

The additional parity generator 140 may select bits as many as the number of
calculated additional parity bits in the LDPC parity bits to generate the additional
parity bits.

In detail, when the number of calculated additional parity bits is equal to or less than
the number of punctured LDPC parity bits, the additional parity generator 140 may
select bits as many as the calculated number from the first bit among the punctured
LDPC parity bits to generate the additional parity bits.

That is, when N,p is equal to or less than N, that is, Nap < N, the additional
parity generator 140 may select Np bits from the first bit among the punctured LDPC
parity bits as illustrated in FIG. 5 to generate the additional parity bits.

Therefore, for the additional parity bits, the punctured LDPC parity bits ( y,

nnnnn

VN, N VN N i ) may be selected.

When the number of calculated additional parity bits is greater than the number of
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punctured LDPC parity bits, the additional parity generator 140 selects all of the
punctured LDPC parity bits and selects bits corresponding to the number obtained by
subtracting the number of the punctured LDPC parity bits from the number of the
calculated additional parity bits from the first bit among the parity permutated LDPC
parity bits to generate the additional parity bits.

That is, when the N,p is greater the N, that is, Nyp > N, the additional parity
generator 140 may select all of the punctured LDPC parity bits as illustrated in FIG. 6.

Therefore, for the additional parity bits, all of the punctured LDPC parity bits (

VN N VN Nt VNN N 1) may be selected.

Further, the additional parity generator 140 may additionally select N yp-Npuqe bits
from the first bit among the parity permutated LDPC parity bits.

In detail, the additional parity generator 140 may additionally select bits (that is, the
Nap-Npune bits ) as many as the number obtained by subtracting the number of the
punctured LDPC parity bits from the calculated number, from the first LDPC parity bit
among the parity permutated LDPC parity bits.

Therefore, for the additional parity bits, the LDPC parity bits ( 5, K,

v K;dchrl, cees

_,) may be additionally selected.

v
K?dpc+ NAP_ Npum‘

As aresult, for the additional parity bits, ( 4,

nnnnn

s Y s sees
- N;)um‘ Nmnzr_ Npum‘+ 1

may be selected.
v N 'NuerNAP'l, v K?dpc, v K?dpc+1, TV Kfﬂ‘pc+NAP-Npunc-1) y

As such, the additional parity generator 140 may select some of the punctured LDPC
parity bits or all of the punctured LDPC parity bits to generate the additional parity
bits.

The foregoing example describes that some of the LDPC parity bits are selected to
generate the additional parity bits, which is only one example. The additional parity
generator 140 may also select some of the LDPC codeword bits to generate the ad-
ditional parity bits.

For example, when the number of calculated additional parity bits is equal to or less
than the number of the punctured LDPC parity bits, the additional parity generator 140
may select bits as many as the calculated number from the first bit among the
punctured LDPC parity bits to generate the additional parity bits.

When the number of calculated additional parity bits is greater than the number of
the punctured LDPC parity bits, the additional parity generator 140 may select all of
the punctured LDPC parity bits and select bits as many as the number obtained by sub-
tracting the number of the punctured LDPC parity bits from the number of the
calculated additional parity bits, from the LDPC codeword, to generate the additional
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parity bits. In this case, the additional parity generator 140 may select bits from the
LDPC parity bits after puncturing and/or shortening, and/or the parity bits (or parity-
check bits) generated by outer-encoding the information bits.

The transmitter 100 may transmit the additional parity bits and the punctured LDPC
codeword to the receiver 200.

In detail, the transmitter 100 modulates the LDPC codeword bits except the padded
zero bits in the LDPC codeword in which the LDPC parity bits are punctured (that is,
the punctured LDPC codeword), that is, the punctured and shortened LDPC codeword
bits by 64-QAM, maps the modulated bits to constellation symbols, map the symbols
to a frame and transmit the mapped symbols to the receiver 200.

Further, the transmitter 100 may also modulate the additional parity bits by 64-QAM,
map the modulated bits to constellation symbols, map the symbols to a frame and
transmit the mapped symbols to the receiver 200.

In this case, the transmitter 100 may map the additional parity bits generated based
on the information bits transmitted in a current frame to a frame before the current
frame.

That is, the transmitter 100 may map the punctured and shortened LDPC codeword
including information bits corresponding to an (i-1)-th frame to the (i-1)-th frame, and
additionally map additional parity bits generated based on information bits corre-
sponding to the i-th frame to the (i-1)-th frame and transmit the mapped bits to the
receiver 200.

Therefore, the information bits corresponding to the (i-1)-th frame and the parity bits
generated based on the information bits as well as the additional parity bits generated
based on the information bits corresponding to the i-th frame may be mapped to the
(i-1)-th frame.

As described above, since the information bits are signaling including signaling in-
formation for data, the transmitter 100 may map the data to a frame along with the
signaling for processing the data and transmit the mapped data to the receiver 200.

In detail, the transmitter 100 may process the data in a specific scheme to generate
the constellation symbols and map the generated constellation symbols to data symbols
of each frame. Further, the transmitter 100 may map the signaling for the data mapped
to each frame to a preamble of the frame. For example, the transmitter 100 may map
the signaling including the signaling information for the data mapped to the i-th frame
to the i-th frame.

As aresult, the receiver 200 may use the signaling acquired from the frame to receive
and process the data from a corresponding frame.

As described above, the group-wise interleaving pattern may include the first pattern

and the second pattern.
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In detail, since the B value of above Equation 12 represents the minimum value of
the LDPC parity bits, the specific number of bits may be always punctured depending
on the B value.

For example, in above Equation 12, since the B value is 4284 and a bit group is

formed of 360 bits, even when the shortening length is 0, at least bit groups
2
are always punctured.

In this case, since puncturing is performed from the last LDPC parity bit, a specific
number of bit groups may be always punctured from the last bit group among a
plurality of bit groups configuring group-wise interleaved LDPC parity bits.

In the foregoing example, the last 11 bit groups among 27 bit groups configuring the
group-wise interleaved LDPC parity bits may be always punctured.

As aresult, some of the group-wise interleaving patterns represent bit groups to be
always punctured, and therefore, the group-wise interleaving pattern may be divided
into two patterns. In detail, a pattern representing the remaining bit groups other than
the bit groups to be always punctured in the group-wise interleaving pattern may be
referred to as a first pattern and a pattern representing the bit groups to be always
punctured may be referred to as a second pattern.

In the foregoing example, 11 bit groups from the last bit group among the group-wise
interleaved bit groups are to be always punctured.

As aresult, in the group-wise interleaving pattern defined as above Table 4, a pattern
which randomly position the bit groups, which are positioned at 19-th, 20-th, 21-th, ...,
40-th, 43-th and 44-th positions before the group-wise interleaving, in a 18-th bit group
to a 33-th bit group after the group-wise interleaving may be the first pattern, and a
pattern representing indexes of the bit groups before the group-wise interleaving,
which are positioned in the 34-th bit group to the 44-bit group, after the group-wise in-
terleaving, that is, Y3=X,34=Xos, Y35=Xp35=Xa2, Y 36=Xop6=X34s o5 Y 20=Xirp(a2)=X285
Y 153=Xpu3=Xs6, Yas=X,pasy=X4; may be the second pattern.

As described above, the second pattern defines bit groups to be always punctured in a
current frame and the first pattern defines bit groups additionally to be punctured, and
thus, the first pattern may be used to determine LDPC parity bits to be transmitted in
the current frame after puncturing. Alternatively, when the number of additional parity
bits to be transmitted in a previous frame is greater than the number of punctured bits,
the first pattern may be used to determine the additional parity bits.

In detail, depending on the number of punctured LDPC parity bits, in addition to the
LDPC parity bits to be always punctured, more LDPC parity bits may additionally be

punctured.
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For example, when the number of LDPC parity bits to be punctured is 7200, 20 bit
groups need to be punctured, and thus, 9 bit groups need to be additionally punctured,
in addition to 11 bit groups to be always punctured.

In this case, the 9 bit groups additionally to be punctured correspond to the bit groups
positioned at 25-th to 33-th positions after the group-wise interleaving, and since these
bit groups are determined depending on the first pattern, that is, belong to the first
pattern, the first pattern may be used to determine the punctured bit groups. Alter-
natively, when the number of additional parity bits to be transmitted in a previous
frame is greater than the number of punctured bits, the first pattern may be used to
determine the additional parity.

That is, when the LDPC parity bits are punctured more than a minimum value of the
LDPC parity bits to be punctured, which bit groups are additionally to be punctured is
determined depending on which bit groups are positioned after the bit groups to be
always punctured. As a result, based on the puncturing direction, the first pattern
defining the bit groups positioned after the bit groups to be always punctured may be
considered as determining the bit groups to be punctured.

In the foregoing example, when the number of LDPC parity bits to be punctured is
7200, in addition to the 11 bit groups to be always punctured, 9 bit groups, that is, the
bit groups positioned at 33-th, 32-th, ..., 26-th and 25-th positions after the group-wise
interleaving are additionally punctured. Here, the bit groups positioned at 25-th to
33-th positions after the group-wise interleaving are determined depending on the first
pattern.

As aresult, the first pattern may be considered as being used to determine the
punctured bit groups. Further, the remaining LDPC parity bits other than the punctured
LDPC parity bits are transmitted through the current frame, and therefore, the first
pattern may be considered as being used to determine the bit groups transmitted in the
current frame.

The second pattern may be used to determine the additional parity bits to be
transmitted in the previous frame.

In detail, since the bit groups determined to be always punctured are always
punctured, and then, are not transmitted in the current frame, these bit groups need to
be positioned only where bits are always punctured after group-wise interleaving.
Therefore, it is not important at which position of these bit groups are positioned after
the group-wise interleaving.

In the foregoing example in reference to above Table 4, the bit groups positioned at
25-th, 42-th, 34-th, ..., 28-th, 36-th and 41-th positions before the group-wise in-
terleaving need to be positioned in the positions of the 34-th bit group to the 44-th bit

group after the group-wise interleaving. Therefore, it is not important at which
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positions these bit groups are positioned between the positions of the 34-th bit group to
the 44-th bit group.

As such, the second pattern defining bit groups to be always punctured is used to
identify bit groups to be punctured. Therefore, defining an order between the bit
groups in the second pattern is meaningless in the puncturing, and thus, the second
pattern defining bit groups to be always punctured may be considered as not being
used for the puncturing.

However, for determining additional parity bits, positions of the bit groups to be
always punctured within these bit groups are meaningful.

In detail, as described above, the additional parity bits are generated by being
selected from the punctured LDPC parity bits.

In particular, when the number of additional parity bits to be generated is equal to or
less than the number of punctured LDPC parity bits, LDPC parity bits as many as the
number of additional parity bits to be generated are selected from the first LDPC parity
bit among the punctured LDPC parity bits.

As aresult, LDPC parity bits included in at least some of the bit groups to be always
punctured may be selected as at least a part of the additional parity bits. That is, the
LDPC parity bits included in at least some of the bit groups to be always punctured
depending on the number of punctured LDPC parity bits and the number of additional
parity bits to be generated may be selected as the additional parity bits.

In detail, if additional parity bits are selected from punctured LDPC parity bits over
the number of bit groups defined by the first pattern, since bits are sequentially
selected from a start portion of the second pattern, and therefore, an order of the bit
groups belonging to the second pattern is meaningful in terms of the selection of the
additional parity.

As aresult, the second pattern defining the bit groups to be always punctured may be
considered as being used to determine the additional parity bits, and the additional
parity bits may be generated by selecting at least some of the bits included in the bit
groups to be always punctured, depending on the order of the bit groups determined
according to the second pattern.

In the foregoing example, the LDPC encoder 110 encodes LDPC information bits at
a code rate of 6/15 to generate an LDPC codeword having a length of 16200 including
9720 LDPC parity bits.

In this case, the second pattern may be used to generate additional parity bits
depending on whether a value obtained by subtracting the number of LDPC parity bits
to be punctured from the number of all LDPC parity bits and adding the number of ad-
ditional parity bits to be generated thereto exceeds 5760. Here, 5760 is the number of
LDPC parity bits except the bit groups always to be punctured among a plurality of bit
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groups configuring the LDPC parity bits. That is, 5760=(27-11)x360.

In detail, when the value obtained by subtracting the number of LDPC parity bits to
be punctured from all of the LDPC parity bits and adding the number of additional
parity bits to be generated thereto is equal to or less than 5760, that is, 9720-N,,,+Nap
< 5760, additional parity bits may be generated based on the first pattern.

However, when the value obtained by subtracting the number of LDPC parity bits to
be punctured from all of the LDPC parity bits and adding the number of additional
parity bits to be generated thereto exceeds 5760, that is, 9720-N,,,.-+Nsp > 5760, ad-
ditional parity bits may be generated based on the first pattern and the second pattern.

In detail, when 9720-N,,,,.+Nap > 5760, for additional parity bits, LDPC parity bits
included in a bit group positioned at a 33-th position from the first LDPC parity bit
among the punctured LDPC parity bits may be selected and the LDPC parity bits
included in a bit group positioned at a specific position from a 34-th position may be
selected.

Here, the bit group to which the first LDPC parity bit among the punctured LDPC
parity bits belongs and the bit group (that is, when being sequentially selected from the
first LDPC parity bit among the punctured LDPC parity bits, a bit group to which the
finally selected LDPC parity bits belong) at the specific position may be determined
depending on the number of punctured LDPC parity bits and the number of additional
parity bits to be generated.

In this case, the bit group positioned at the 33-th position from the first LDPC parity
bit among the punctured LDPC parity bits is determined depending on the first pattern,
and the bit group positioned at the specific position from the 34-th position is de-
termined depending on the second pattern.

As aresult, the additional parity bits to be generated are determined depending on the
first pattern and the second pattern.

As such, the first pattern may be used to determine additional parity bits to be
generated as well as LDPC parity bits to be punctured, but the second pattern may be
used to determine the additional parity bits to be generated.

Therefore, according to various exemplary embodiments, the group-wise interleaving
pattern is defined as shown in above Table 4, and thus, bit groups positioned at specific
positions before the group-wise interleaving may be selected as the additional parity
bits.

The reason why the permutation order for the group-wise interleaving according to
the exemplary embodiment is defined like Table 4 will be described below.

A parity check matrix (for example, FIG. 3) of an LDPC code having a code rate of
6/15 may be converted into a parity check matrix having a quasi cyclic structure
formed of blocks having a size of 3607360 (that is, a size of M?M) as illustrated in
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FIG. 7 by performing a column permutation process and an appropriate row per-
mutation process corresponding to the parity interleaving process. Here, the column
permutation process and the row permutation process do not change algebraic charac-
teristics of the LDPC code, and therefore, have been widely used to theoretically
analyze the LDPC code.

The parity portion of an LDPC code having the code rate of 6/15 is formed of parity
bits the degree of which is 2. In this case, it may be understood that puncturing the
parity bits having the degree of 2 merges two rows connected to element 1 which is
present in columns corresponding to these bits. This is because the parity node having
the degree of 2 transfers only a simple message if the parity node receives no in-
formation from the channel. Meanwhile, upon the merging, for each column in a row
newly made by merging two rows, when 1 is present in existing two rows, the element
is replaced by 0, and when 1 is present only in one of the two rows, the element is
replaced by 1.

When some of the parity bits of an LDPC codeword are punctured, the number of
parity bits to which the puncturing is applied may be changed depending on the
shortening length and a preset A value (that is, a ratio of the number of shortened bits
and the number of punctured bits) and B value (that is, the number of punctured bits
even if the number of shortened bits is 0). Here, when the B value is greater than 0, the
parity bits to be always punctured are present independent of the shortening length. In
particular, since continuous 360 bits form one bit group, when the B value is equal to
or greater than 360, a bit group to be always punctured is present independent of the
shortening length.

When an LDPC code having a code rate of 6/15 and the 64-QAM modulation
scheme are used, the B value may be 4284. In this case, at least 11 bit groups to be
always punctured are present independent of the shortening length (for example, 18,
23,25, 28, 30, 32, 34, 36, 38, 41 and 42-th bit groups).

In this case, since 11 bit groups are always punctured independent of the shortening
length, the order of these bit groups does not affect the overall system performance at
all when the additional parity transmitted in the previous frame is not used. However,
in the case of using the additional parity, which of the 11 bit groups is relatively earlier
transmitted affects the overall system performance. When the additional parity is
transmitted using the second pattern in the group-wise interleaving pattern, which of
the 11 bit groups is relatively earlier transmitted may be determined. Therefore, the
second pattern needs to be designed well in consideration of transmission efficiency
maximization of the control information (that is, information bits).

Hereinafter, a process of designing the second pattern in the group-wise interleaving

pattern for generation of the additional parity will be described by an example.
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A process of encoding, by the LDPC encoder 110, 6480 input bits, that is, LDPC in-
formation bits at the code rate of 6/15 to generate 9720 LDPC parity bits and inducing
the group-wise interleaving pattern for the generation of the additional parity in the
case in which an LDPC codeword generated by LDPC encoding is modulated by
64-QAM and then is transmitted to the receiver 200 is as follows.

According to an exemplary embodiment, the second pattern in the group-wise in-
terleaving pattern for determining the order of the additional parity transmission is de-
termined under an assumption that a K value used to calculate the length of the ad-
ditional parity is 1. If it is assumed that K=1, when the length of the information input
as the input of an LDPC code (here, the length of the information input as the input of
the LDPC code is a sum value of the number of information bits and the number of
BCH parity-check bits generated by performing BCH encoding on information bits) is
equal to or less than 2880 bits (=8 bit groups), since the length of all parities of an
LDPC codeword transmitted including the additional parities does not exceed 5760
(=16 bit groups), the parity bits of the LDPC codeword transmitted using the first
pattern in the group-wise interleaving pattern may be determined.

However, when the length of the information input as the input of the LDPC code is
3240 (=9 bit groups), the length of all parities of the LDPC codeword transmitted
including the additional parities is calculated as 6126 bits, which corresponds to about
17 bit groups. Therefore, 9 column groups are removed depending on the shortening
order predefined in all the parity check matrices of the LDPC code having the code
rate of 6/15 and one non-punctured bit group is selected so that the row degree of the
matrix output at the time of merging row blocks connected to the remaining bit groups
other than one of the 11 bit groups (for example, 18, 23, 25, 28, 30, 32, 34, 36, 38, 41
and 42-th bit groups) always punctured independent of the shortening length is uniform
as maximum as possible. If the number of cases selecting one parity bit group to make
the row degree of the matrix maximally uniform is plural, the cycle characteristics and
the algebraic characteristics of the parity check matrix in which column deletion, row
merging, and row deletion are performed in these cases need to be additionally
considered. For example, since a short cycle connected to a column having a relatively
low column degree adversely affects the performance of the LDPC code, a case in
which the number of cycles in which a length connected to a column having a degree
of 4 or less is equal to or less than 6 is smallest may be selected. If the number of cases
in which the number of cycles is smallest is plural, a case in which the real frame error
rate (FER) performance is most excellent among the cases is selected. For example, a
25-th bit group may be selected.

In some cases, when too many number of selections are generated depending on the

cycle characteristics, a theoretical prediction value for a minimum signal-to-noise
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(SNR) at which ensembles of an LDPC code having a distribution of the same 1 after
the column deletion, the row merging, and the row deletion for each case may perform
error free communication is derived by a density evolution analysis, and the FER per-
formance is verified by a computation experiment by appropriately adjusting the
number of selection based on the minimum SNR values theoretically predicted.

In the next step, one of 9 column groups removed in the first step among the in-
formation portions of the parity check matrix is recovered depending on a preset order.
In this case, the length of all parities of the LDPC code transmitted including the ad-
ditional parity is calculated as 6714 bits, which corresponds to about 18.7 bit groups.
Therefore, two of 10 bit groups of which the order is not yet determined need to be
selected as the bit groups some or all of which are not to be punctured. In this case,
likewise the first step, two bit groups are selected in consideration of the row degree
distribution of the parity check matrix after the deletion of the column group and the
merging of the row group and the cycle distribution connected to the column having a
low degree. For example, a 42-th bit group and a 34-th bit group may be selected.

In a similar scheme thereto, the order of the parity bit groups which are not punctured
until all column groups corresponding to the information portions are recovered or all
column groups corresponding to the parity portion are selected is determined. For
example, the permutation order corresponding to the second pattern determined by the
foregoing method may be m,(34)=25, m,(35)=42, 7,(36)=34, 7, (37)=18, n,(38)=32, m,
(39)=38, 7,(40)=23, 7,(41)=30, 7, (42)=28, n,(43)=36, and 7,(44)=41.

As aresult, when the group-wise interleaving is performed using the group-wise in-
terleaving pattern as shown in above Table 4, the additional parity may be transmitted
to the receiver 200 in a specific order and thus the control information transmission ef-
ficiency may be maximized.

The bit groups positioned at 19-th, 20-th, 21-th, ..., 40-th, 43-th and 44-th positions
before the group-wise interleaving in above Table 4 are randomly group-wise in-
terleaved at a 18-th position to a 33-th position. However, these bit groups may also be
group-wise interleaved at the specific position in consideration of the puncturing order.
The detailed content thereof will be described below.

Meanwhile, according to an exemplary embodiment, the foregoing information bits
may be implemented by L.1-detail signaling. Therefore, the transmitter 100 may
generate additional parity bits for the L1-detail signaling by using the foregoing
method and transmit the generated bits to the receiver 200.

Here, the L1-detail signaling may be signaling defined in an Advanced Television
System Committee (ATSC) 3.0 standard.

In detail, a mode of processing the L1-detail signaling is divided into seven (7). The

transmitter 100 according to the exemplary embodiment may generate additional parity
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bits according to the foregoing method when an L1-detail mode 5 of the seven modes
processes the L1-detail signaling.

The ATSC 3.0 standard defines L1-basic signaling besides the L.1-detail signaling.
The transmitter 100 may process the L1-basic signaling and the L1-detail signaling by
using a specific scheme and transmit the processed L.1-basic signaling and the
L1-detail signaling to the receiver 200. In this case, a mode of processing the L1-basic
signaling may also be divided into seven (7).

A method for processing the L1-basic signaling and the L1-detail signaling will be
described below.

The transmitter 100 may map the L1-basic signaling and the L1-detail signaling to a
preamble of a frame and map data to data symbols of the frame for transmission to the
receiver 200.

Referring to FIG. 8§, the frame may be configured of three parts, that is, a bootstrap
part, a preamble part, and a data part.

The bootstrap part is used for initial synchronization and provides a basic parameter
required for the receiver 200 to decode the L1 signaling. Further, the bootstrap part
may include information about a mode of processing the L.1-basic signaling at the
transmitter 100, that is, information about a mode the transmitter 100 uses to process
the L1-basic signaling.

The preamble part includes the L1 signaling, and may be configured of two parts,
that is, the L.1-basic signaling and the L.1-detail signaling.

Here, the L1-basic signaling may include information about the L1-detail signaling,
and the L1-detail signaling may include information about data. Here, the data is
broadcasting data for providing broadcasting services and may be transmitted through
at least one physical layer pipes (PLPs).

In detail, the L1-basic signaling includes information required for the receiver 200 to
process the L1-detail signaling. This information includes, for example, information
about a mode of processing the L1-detail signaling at the transmitter 100, that is, in-
formation about a mode the transmitter 100 uses to process the L1-detail signaling, in-
formation about a length of the L1-detail signaling, information about an additional
parity mode, that is, information about a K value used for the transmitter 100 to
generate additional parity bits using an L1B_L1_Detail_additional_parity_mode (here,
when the L1B_L.1_Detail_additional_parity_mode is set as '00', K =0 and the ad-
ditional parity bits are not used), and information about a length of total cells. Further,
the L1-basic signaling may include basic signaling information about a system
including the transmitter 100 such as a fast Fourier transform (FFT) size, a guard
interval, and a pilot pattern.

Further, the L1-detail signaling includes information required for the receiver 200 to
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decode the PLPs, for example, start positions of cells mapped to data symbols for each
PLP, PLP identifier (ID), a size of the PLP, a modulation scheme, a code rate, etc..

Therefore, the receiver 200 may acquire frame synchronization, acquire the L.1-basic
signaling and the L.1-detail signaling from the preamble, and receive service data
required by a user from data symbols using the L1-detail signaling.

The method for processing the L1-basic signaling and the L1-detail signaling will be
described below in more detail with reference to the accompanying drawings.

FIGs. 9 and 10 are block diagrams for describing a detailed configuration of the
transmitter 100, according to an exemplary embodiment.

In detail, as illustrated in FIG. 9, to process the L1-basic signaling, the transmitter
100 may include a scrambler 211, a BCH encoder 212, a zero padder 213, an LDPC
encoder 214, a parity permutator 215, a repeater 216, a puncturer 217, a zero remover
219, a bit demultiplexer 219, and a constellation mapper 221.

Further, as illustrated in FIG. 10, to process the L.1-detail signaling, the transmitter
100 may include a segmenter 311, a scrambler 312, a BCH encoder 313, a zero padder
314, an LDPC encoder 315, a parity permutator 316, a repeater 317, a puncturer 318,
an additional parity generator 319, a zero remover 321, bit demultiplexers 322 and 323,
and constellation mappers 324 and 325.

Here, the components illustrated in FIGs. 9 and 10 are components for performing
encoding and modulation on the L1-basic signaling and the L1-detail signaling, which
is only one example. According to another exemplary embodiments, some of the
components illustrated in FIGs. 9 and 10 may be omitted or changed, and other
components may also be added. Further, positions of some of the components may be
changed. For example, the positions of the repeaters 216 and 317 may be disposed
after the puncturers 217 and 318, respectively.

The LDPC encoder 315, the repeater 317, the puncturer 318, and the additional parity
generator 319 illustrated in FIG. 10 may perform the operations performed by the
LDPC encoder 110, the repeater 120, the puncturer 130, and the additional parity
generator 140 illustrated in FIG. 1, respectively.

In describing FIGs. 9 and 10, for convenience, components for performing common
functions will be described together.

The L1-basic signaling and the L1-detail signaling may be protected by con-
catenation of a BCH outer code and an LDPC inner code. However, this is only one
example. Therefore, as outer encoding performed before inner encoding in the con-
catenated coding, another encoding such as CRC encoding in addition to the BCH
encoding may be used. Further, the L1-basic signaling and the L1-detail signaling may
be protected only by the LDPC inner code without the outer code.

First, the L1-basic signaling and the L1-detail signaling may be scrambled. Further,
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the L1-basic signaling and the L.1-detail signaling are BCH encoded, and thus, BCH
parity check bits of the L1-basic signaling and the L1-detail signaling generated from
the BCH encoding may be added to the L.1-basic signaling and the L1-detail signaling,
respectively. Further, the concatenated signaling and the BCH parity check bits may be
additionally protected by a shortened and punctured 16K LDPC code.

To provide various robustness levels appropriate for a wide signal to noise ratio
(SNR) range, a protection level of the L1-basic signaling and the L1-detail signaling
may be divided into seven (7) modes. That is, the protection level of the L1-basic
signaling and the L.1-detail signaling may be divided into the seven modes based on an
LDPC code, a modulation order, shortening/puncturing parameters (that is, a ratio of
the number of bits to be punctured to the number of bits to be shortened), and the
number of bits to be basically punctured (that is, the number of bits to be basically
punctured when the number of bits to be shortened is 0). In each mode, at least one
different combination of the LDPC code, the modulation order, the constellation, and
the shortening/puncturing pattern may be used.

A mode for the transmitter 100 to processes the signaling may be set in advance
depending on a system. Therefore, the transmitter 100 may determine parameters (for
example, modulation and code rate (ModCod) for each mode, parameter for the BCH
encoding, parameter for the zero padding, shortening pattern, code rate/code length of
the LDPC code, group-wise interleaving pattern, parameter for repetition, parameter
for puncturing, and modulation scheme, etc.) for processing the signaling depending on
the set mode, and may process the signaling based on the determined parameters and
transmit the processed signaling to the receiver 200. For this purpose, the transmitter
100 may pre-store the parameters for processing the signaling depending on the mode.

Modulation and code rate configurations (ModCod configurations) for the seven
modes for processing the L1-basic signaling and the seven modes for processing the
L1-detail signaling are shown in following Table 5. The transmitter 100 may encode
and modulate the signaling based on the ModCod configurations defined in following
Table 5 according to a corresponding mode. That is, the transmitter 100 may determine
an encoding and modulation scheme for the signaling in each mode based on following
Table 5, and may encode and modulate the signaling according to the determined
scheme. In this case, even when modulating the L1 signaling by the same modulation
scheme, the transmitter 100 may also use different constellations.

[Table 5]
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Signaling FEC Type

Ksig

Code
Length

Code Rate

Constellation

L1-Basic

Mode 1
Mode 2
Mode 3
Mode 4
Mode 5§
Mode 6
Mode 7

200

L1-Detail

Mode 1

400 ~ 2352

Mode 2

400 ~ 3072

Mode 3
Mode 4
Mode 5
Mode 6

Mode 7

400 ~ 6312

16200

3/15
(Type A)

QPSK

QPSK

QPSK

NUC_16-QAM

NUC_64-QAM

NUC 256-QAM

NUC 256-QAM

QPSK

QPSK

6/15
(Type B)

QPSK

NUC_16-QAM

NUC_64-QAM

NUC_256-QAM

NUC_256-QAM

PCT/KR2016/001880
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In above Table 5, K, represents the number of information bits for a coded block.
That is, since the L1 signaling bits having a length of K, are encoded to generate the
coded block, a length of the L1 signaling in one coded block becomes K. Therefore,
the L1 signaling bits having the size of K,;, may be considered as corresponding to one
LDPC coded block.

Referring to above Table 5, the K, value for the L1-basic signaling is fixed to 200.
However, since the amount of L1-detail signaling bits varies, the K, value for the
L1-detail signaling varies.

In detail, in a case of the L.1-detail signaling, the number of L1-detail signaling bits
varies, and thus, when the number of L1-detail signaling bits is greater than a preset
value, the L.1-detail signaling may be segmented to have a length which is equal to or
less than the preset value.

In this case, each size of the segmented L1-detail signaling blocks (that is, segment
of the L1-detail signaling) may have the K, value defined in above Table 5. Further,
each of the segmented L1-detail signaling blocks having the size of K;;, may
correspond to one LDPC coded block.

However, when the number of L1-detail signaling bits is equal to or less than the
preset value, the L1-detail signaling is not segmented. In this case, the size of the
L1-detail signaling may have the K;, value defined in above Table 5. Further, the
L1-detail signaling having the size of K, may correspond to one LDPC coded block.

Hereinafter, a method for segmenting L1-detail signaling will be described in detail.

The segmenter 311 segments the L1-detail signaling. In detail, since the length of the
L1-detail signaling varies, when the length of the L1-detail signaling is greater than the
preset value, the segmenter 311 may segment the L1-detail signaling to have the
number of bits which are equal to or less than the preset value and output each of the
segmented L.1-detail signalings to the scrambler 312.

However, when the length of the L1-detail signaling is equal to or less than the preset

value, the segmenter 311 does not perform a separate segmentation operation.
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A method for segmenting, by the segmenter 311, the L1-detail signaling is as
follows.

The amount of L1-detail signaling bits varies and mainly depends on the number of
PLPs. Therefore, to transmit all bits of the L.1-detail signaling, at least one forward
error correction (FEC) frame is required. Here, an FEC frame may represent a form in
which the L1-detail signaling is encoded, and thus, parity bits according to the
encoding are added to the L.1-detail signaling.

In detail, when the L1-detail signaling is not segmented, the L1-detail signaling is
BCH-encoded and LDPC encoded to generate one FEC frame, and therefore, one FEC
frame is required for the L.1-detail signaling transmission. On the other hand, when the
L1-detail signaling is segmented into at least two, at least two segmented L1-detail
signalings each are BCH encoded and LDPC encoded to generate at least two FEC
frames, and therefore, at least two FEC frames are required for the L 1-detail signaling
transmission.

Therefore, the segmenter 311 may calculate the number Ny p rrcrrame Of FEC frames
for the L1-detail signaling based on following Equation 17. That is, the number Ny ;p_
recrraMe Of FEC frames for the L1-detail signaling may be determined based on
following Equation 17.

e (17)
K L1D_ex pad
NL1D_FECFRAME = K
seg

In above Equation 17, - represents a minimum integer which is equal to or
X

greater than x.

Further, in above Equation 17, K ip ¢« ,« Tepresents the length of the L1-detail
signaling other than L1 padding bits as illustrated in FIG. 11, and may be determined
by a value of an L1B_L1_Detail_size_bits field included in the L.1-basic signaling.

Further, K, represents a threshold number for segmentation defined based on the
number K4, of information bits input to the LDPC encoder 315, that is, the LDPC in-
formation bits. Further, K., may be defined based on the number of BCH parity check
bits of a BCH code and a multiple value of 360.

K., 1s determined such that, after the L1-detail signaling is segmented, the number K
s Of information bits in the coded block is set to be equal to or less than Kjgpe-Moyeer- In
detail, when the L1-detail signaling is segmented based on K, since the length of
segmented L1-detail signaling does not exceed K, the length of the segmented
L1-detail signaling is set to be equal to or less than Kjsp.-Moyer When K, is set like in

Table 6 as following.
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[387] Here, My.r and Ky, are as following Tables 7 and 8. For sufficient robustness, the K
se¢ Value for the L1-detail signaling mode 1 may be set to be Kjgpe-Moyer-720.

[388] K, for each mode of the L1-detail signaling may be defined as following Table 6. In
this case, the segmenter 311 may determine K., according to a corresponding mode as
shown in following Table 6.

[389] [Table 6]

[390] L1-Detail | K.,
Mode 1 2352
Mode 2 3072
Mode 3
Mode 4
Mode 5 6312
Mode 6

Mode 7

[391] As illustrated in FIG. 11, an entire L.1-detail signaling may be formed of L1-detail
signaling and L1 padding bits.

[392] In this case, the segmenter 311 may calculate a length of an L1_PADDING field for
the L1-detail signaling, that is, the number | ;p pap of the L1 padding bits based on
following Equation 18.

[393] However, calculating K, ;p pap based on following Equation 18 is only one example.
That is, the segmenter 311 may calculate the length of the L1_PADDING field for the
L 1-detail signaling, that is, the number K, |, pop 0f the L1 padding bits based on K|
_ex pad A0d Ny ip rrcrrame Values. As one example, the K p pap value may be obtained
based on following Equation 18. That is, following Equation 18 is only one example of
a method for obtaining a K, ;p pap value, and thus, another method based on the K|

_ex pad A0d Ny ip rrcrrame Values may be applied to obtain an equivalent result.
[394]
K L1D_ex pad

Kiip_pap = { W X 8 XN 1p recrrame~ K 110 ex_pad

(NL1 D_FECFRAME X 8)

(18)

[395] Further, the segmenter 311 may fill the L1_PADDING field with K, p pap zero bits
(that is, bits having a 0 value). Therefore, as illustrated in FIG. 11, the Ky p pap zero
bits may be filled in the L1_PADDING field.

[396] As such, by calculating the length of the L1 _PADDING field and padding zero bits
of the calculated length to the L1_PADDING field, the L1-detail signaling may be
segmented into the plurality of blocks formed of the same number of bits when the
L1-detail signaling is segmented.

[397] Next, the segmenter 311 may calculate a final length K, of the entire L.1-detail
signaling including the zero padding bits based on following Equation 19.
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Kiip=KLip_ex_paatKLip pap ... (19)

Further, the segmenter 311 may calculate the number K;;, of information bits in each
of the Ny ip recrrame blocks based on following Equation 20.

Ksig:KLlD/NLlD_FECFRAME (20)

Next, the segmenter 311 may segment the L1-detail signaling by K;;, number of bits.

In detail, as illustrated in FIG. 11, when the Ny | ggcrrame 1S greater than 1, the
segmenter 311 may segment the L1-detail signaling by the number of K, bits to
segment the L.1-detail signaling into the Ny p_ggcrrame blocks.

Therefore, the L1-detail signaling may be segmented into N, jp recrrame blocks, and
the number of L1-detail signaling bits in each of the Ny p rrcrrame blocks may be Ky,.
Further, each segmented L1-detail signaling is encoded. As an encoded result, a coded
block, that is, an FEC frame is formed, such that the number of L1-detail signaling bits
in each of the Ny p rrcrrame coded blocks may be K.

However, when the L1-detail signaling is not segmented, K,=Kyip_ex_pad-

The segmented L1-detail signaling blocks may be encoded by a following procedure.

In detail, all bits of each of the L1-detail signaling blocks having the size K, may be
scrambled. Next, each of the scrambled L.1-detail signaling blocks may be encoded by
concatenation of the BCH outer code and the LDPC inner code.

In detail, each of the L1-detail signaling blocks is BCH-encoded, and thus My
(=168) BCH parity check bits may be added to the K, L1-detail signaling bits of each
block, and then, the concatenation of the L1-detail signaling bits and the BCH parity
check bits of each block may be encoded by a shortened and punctured 16K LDPC
code. The details of the BCH code and the LDPC code will be described below.
However, the exemplary embodiments describe only a case in which M,,,=168, but it
is apparent that M, may be changed into an appropriate value depending on the re-
quirements of a system.

The scramblers 211 and 312 scramble the L1-basic signaling and the L1-detail
signaling, respectively. In detail, the scramblers 211 and 312 may randomize the
L1-basic signaling and the L.1-detail signaling, and output the randomized L.1-basic
signaling and L1-detail signaling to the BCH encoders 212 and 313, respectively.

In this case, the scramblers 211 and 312 may scramble the information bits by a unit
of K.

That is, since the number of L1-basic signaling bits transmitted to the receiver 200
through each frame is 200, the scrambler 211 may scramble the L1-basic signaling bits
by K. (=200).

Since the number of L1-basic signaling bits transmitted to the receiver 200 through
each frame varies, in some cases, the L.1-detail signaling may be segmented by the

segmenter 311. Further, the segmenter 311 may output the L1-detail signaling formed
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of K, bits or the segmented L1-detail signaling blocks to the scrambler 312. As a
result, the scrambler 312 may scramble the L1-detail signaling bits by every K, which
are output from the segmenter 311.

The BCH encoders 212 and 313 perform the BCH encoding on the L1-basic
signaling and the L1-detail signaling to generate the BCH parity check bits.

In detail, the BCH encoders 212 and 313 may perform the BCH encoding on the
L1-basic signaling and the L1-detail signaling output from the scramblers 211 and 313,
respectively, to generate the BCH parity check bits, and output the BCH-encoded bits
in which the BCH parity check bits are added to each of the L1-basic signaling and the
L1-detail signaling to the zero padders 213 and 314, respectively.

For example, the BCH encoders 212 and 313 may perform the BCH encoding on the
input Kj;, bits to generate the M., (that is, K;,=K.;i..a) BCH parity check bits and
output the BCH-encoded bits formed of Noyer (= Kiig+Moyer) bits to the zero padders
213 and 314, respectively.

The parameters for the BCH encoding may be defined as following Table 7.

[Table 7]

Ksig )

Signaling FEC Type =K outer Nouter= Ksig* Mouter
~ Mpayload

Mode 1
Mode 2
Mode 3
L1-Basic Mode 4 200 368
Mode 5
Mode 6
Mode 7 168
Mode 1 400 ~ 2352 568 ~ 2520
Mode 2 | 400 ~ 3072 568 ~ 3240
Mode 3
L1-Detail Mode 4
Mode 5 400 ~ 6312 568 ~ 6480
Mode 6
Mode 7

Meanwhile, referring to FIGs. 9 and 10, it may be appreciated that the LDPC
encoders 214 and 315 may be disposed after the BCH encoders 212 and 313, re-
spectively.

Therefore, the L1-basic signaling and the L1-detail signaling may be protected by the
concatenation of the BCH outer code and the LDPC inner code.

In detail, the L1-basic signaling and the L1-detail signaling are BCH-encoded, and
thus, the BCH parity check bits for the L1-basic signaling are added to the L1-basic
signaling and the BCH parity check bits for the L1-detail signaling are added to the
L1-detail signaling. Further, the concatenated L.1-basic signaling and BCH parity
check bits are additionally protected by an LDPC code, and the concatenated L 1-detail
signaling and BCH parity check bits may be additionally protected by an LDPC code.

Here, it is assumed that an LDPC code for LDPC encoding is a 16K LDPC code, and
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thus, in the BCH encoders 212 and 213, a systematic BCH code for N;,,,=16200 (that
is, the code length of the 16K LDPC code is 16200 and an LDPC codeword generated
by the LDPC encoding may be formed of 16200 bits) may be used to perform outer
encoding of the L1-basic signaling and the L1-detail signaling.

The zero padders 213 and 314 pad zero bits. In detail, for the LDPC code, a prede-
termined number of LDPC information bits defined according to a code rate and a code
length is required, and thus, the zero padders 213 and 314 may pad zero bits for the
LDPC encoding to generate the predetermined number of LDPC information bits
formed of the BCH-encoded bits and zero bits, and output the generated bits to the
LDPC encoders 214 and 315, respectively, when the number of BCH-encoded bits is
less than the number of LDPC information bits. When the number of BCH-encoded
bits is equal to the number of LDPC information bits, zero bits are not padded.

Here, zero bits padded by the zero padders 213 and 314 are padded for the LDPC
encoding, and therefore, the padded zero bits padded are not transmitted to the receiver
200 by a shortening operation.

For example, when the number of LDPC information bits of the 16K LDPC code is
Kigpe, in order to form K4, LDPC information bits, zero bits are padded.

In detail, when the number of BCH-encoded bits iS Nguer, the number of LDPC in-
formation bits of the 16K LDPC code is Kigpe, and Noyer < Kigpe, the zero padders 213
and 314 may pad the Kjgpe-Nower zero bits and use the N, BCH-encoded bits as the
remaining portion of the LDPC information bits to generate the LDPC information bits
formed of Ky, bits. However, when Ny =Kigy, zero bits are not padded.

For this purpose, the zero padders 213 and 314 may divide the LDPC information
bits into a plurality of bit groups.

For example, the zero padders 213 and 314 may divide the K4, LDPC information

bits (i, iy, . _1) nto Niggy eroup(=Kiape/360) bit groups based on following

ey F
K?a‘pc

Equation 21 or 22. That is, the zero padders 213 and 314 may divide the LDPC in-
formation bits into the plurality of bit groups so that the number of bits included in
each bit group is 360.
« ... (2D
2y ={iufi = | 565 |0 = & <Kigpe} 10r 0 = <N i grup

. (22)
Zj={ik|360x j=k<360x(j+1)}for0 =j< N info_goup

In above Equations 21 and 22, Z; represents a j-th bit group.
The parameters Noyer, Kigpe, and Niggo oroup fOr the zero padding for the L1-basic
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signaling and the L1-detail signaling may be defined as shown in following Table 8. In
this case, the zero padders 213 and 314 may determine parameters for the zero padding

according to a corresponding mode as shown in following Table 8.
[Table 8]

Signaling FEC Type Nouter | Kidpe | Ninfo_group
L1-Basic
(all modes) 368
L1-Detail Mode 1 568 ~ 2520
L1-Detail Mode 2 568 ~ 3240
L1-Detail Mode 3
L1-Detail Mode 4
L1-Detail Mode 5 568 ~ 6480 | 6480 18
L1-Detail Mode 6
L1-Detail Mode 7

3240 9

Further, for 0 < j <Nint_group> €ach bit group Z; as shown in FIG. 12 may be formed of
360 bits.

In detail, FIG. 12 illustrates a data format after the L1-basic signaling and the
L1-detail signaling each are LDPC-encoded. In FIG. 12, an LDPC FEC added to the K
1ape LDPC information bits represents the LDPC parity bits generated by the LDPC
encoding.

Referring to FIG. 12, the Kyy,. LDPC information bits are divided into the Niyg, sroup
bits groups and each bit group may be formed of 360 bits.

When the number Ny (= K+ Mower) of BCH-encoded bits for the L1-basic signaling
and the L1-detail signaling is less than the Ky, that is, Noyed= Kot Moyer) < Kigpe, for
the LDPC encoding, the K4, LDPC information bits may be filled with the N, BCH-
encoded bits and the Kigp-Noywer zero-padded bits. In this case, the padded zero bits are
not transmitted to the receiver 200.

Hereinafter, a shortening procedure performed by the zero padders 213 and 314 will
be described in more detail.

The zero padders 213 and 314 may calculate the number of padded zero bits. That is,
to fit the number of bits required for the LDPC encoding, the zero padders 213 and 314
may calculate the number of zero bits to be padded.

In detail, the zero padders 213 and 314 may calculate a difference between the
number of LDPC information bits and the number of BCH-encoded bits as the number
of padded zero bits. That is, for a given Ny, the zero padders 213 and 314 may
calculate the number of padded zero bits as Kjgpe-Noueer-

Further, the zero padders 213 and 314 may calculate the number of bit groups in
which all the bits are padded. That is, the zero padders 213 and 314 may calculate the
number of bit groups in which all bits within the bit group are padded by zero bits.

In detail, the zero padders 213 and 314 may calculate the number N4 of groups to
which all bits are padded based on following Equation 23 or 24.
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[443] .. (23)
KIdpc - NouterJ

Npag = L 360

[444] o (24
(Kldpc' IVlouter) - KsigJ

Npag = L 360

[445] Next, the zero padders 213 and 314 may determine bit groups in which zero bits are
padded among a plurality of bit groups based on a shortening pattern, and may pad
zero bits to all bits within some of the determined bit groups and some bits within the
remaining bit groups.

[446] In this case, the shortening pattern of the padded bit group may be defined as shown
in following Table 9. In this case, the zero padders 213 and 314 may determine the
shortening patterns according to a corresponding mode as shown in following Table 9.

[447] [Table 9]

[448] s fi (02 § = Ninfo group!
Signaling FEC  |N, o
Ty?ae g mjzfo*gr sy meedy  |mei27 [mgid) |meidl |[meid)  |[mgi6)  |WeiTi e8]
Ty o100 [mei11) mei121 |wei13) |mgi1dl |mei13) |Weil6l |weilT)

L1-Basic 4 1 5 2 8 6 0 7 3

(for all modes) - - - - - - - - ~
L1-Detail Mode 1 |9 ! _8 _5 fl _1 _2 _6 ? ?
L1-Detail Mode 2 6 1 7 8 0 2 4 3 5

. 0 12 15 13 2 5 7 9 8
L1-Detail Mode 3 & 16 10 14 1 17 1 4 3
L1-Detail Mode 4 2 ;5 ?2 ;6 11 ; g ;3 12)

. 2 4 5 17 9 7 1 6 15
L1-Detail Mode 5 118 13 10 14 18 o 11 13 |12 |3
L1-Detail Mode 6 2 ;5 ?2 5136 1471 ; g 51)3 123
L1-Detail Mode 7 ;5 g 2 ;1 L1:) 12 13 g g

[449] Here, mt(j) is an index of a j-th padded bit group. That is, the 7 (j) represents a
shortening pattern order of the j-th bit group. Further, Niyt woup 1S the number of bit
groups configuring the LDPC information bits.

[450] In detail, the zero padders 213 and 314 may determine

Z e ZaqysZain, b as bit groups in which all bits within the bit group are

padded by zero bits based on the shortening pattern, and pad zero bits to all bits of the
bit groups. That is, the zero padders 213 and 314 may pad zero bits to all bits of a s,
(0)-th bit group, a m,(1)-th bit group,....a mw(N,.4-1)-th bit group among the plurality of
bit groups based on the shortening pattern.

[451] As such, when N4 is not 0, the zero padders 213 and 314 may determine a list of the

N,.q bit groups, that is, 7 based on above Table 9, and pad

7,0 L w1y Lom (V1)

zero bits to all bits within the determined bit group.
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However, when the N4 is 0, the foregoing procedure may be omitted.

Since the number of all the padded zero bits is Kj4p.-Nower and the number of zero bits
padded to the Npad bit groups is 360xN,,,q, the zero padders 213 and 314 may addi-
tionally pad zero bits to Kigpe-Nouerr 360XN,,,s LDPC information bits.

In this case, the zero padders 213 and 314 may determine a bit group to which zero
bits are additionally padded based on the shortening pattern, and may additionally pad
zero bits from a head portion of the determined bit group.

In detail, the zero padders 213 and 314 may determine 7 _ (N

as a bit group to
which zero bits are additionally padded based on the shortening pattern, and may addi-
tionally pad zero bits to the Klge-Nouwer-360xN,,4 bits positioned at the head portion of

ZoaNy Therefore, the Kigpe-Nower-360XN,.4 zero bits may be padded from a first bit

of the 7t,(N,,.4)-th bit group.

As aresult, for » zero bits may be additionally padded to the Kge-Nie -

T 3 ( Npad),

360xN,,q bits positioned at the head portion of the 7 (N

Meanwhile, the foregoing example describes that Kigpe-Nower-360XN,.4 zero bits are

padded from a first bit of the » which is only one example. Therefore, the

T (N,

position at which zero bits are padded in the » may be changed. For example,

T (N md)
the Kigpe-Nower-360XN,,,4 zero bits may be padded to a middle portion or a last portion of

the 7 or may also be padded at any position of the 7

(N, Tcs(Npad)‘

Next, the zero padders 213 and 314 may map the BCH-encoded bits to the positions
at which zero bits are not padded to configure the LDPC information bits.

Therefore, the N,,.. BCH-encoded bits are sequentially mapped to the bit positions at

which zero bits in the K4, LDPC information bits (i, i, ..., 7 1) are not padded,

K}dpc -

and thus, the Kyy, LDPC information bits may be formed of the N, BCH-encoded
bits and the Kjpe-Nower information bits.

The padded zero bits are not transmitted to the receiver 200. As such, a procedure of
padding the zero bits or a procedure of padding the zero bits and then not transmitting
the padded zero bits to the receiver 200 may be called shortening.

The LDPC encoders 214 and 315 perform LDPC encoding on the L1-basic signaling
and the L1-detail signaling, respectively.

In detail, the LDPC encoders 214 and 315 may perform LDPC encoding on the
LDPC information bits output from the zero padders 213 and 31 to generate LDPC
parity bits, and output an LDPC codeword including the LDPC information bits and
the LDPC parity bits to the parity permutators 215 and 316, respectively.
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That is, Kiqp. bits output from the zero padder 213 may include K, L1-basic
signaling bits, Moye(=Noue-Kyi) BCH parity check bits, and Kjpc-Noywer padded zero

bits, which may configure K4, LDPC information bits i=(iy, iy, ..., 7 X _1) for the

LDPC encoder 214.
Further, the K,q,. bits output from the zero padder 314 may include the K, L1-detail
signaling bits, the Mye(=Nouer-Ki) BCH parity check bits, and the (Kigp-Noyer) padded

zero bits, which may configure the Kyy, LDPC information bits i=(iy, 1y, ..., 7 < _1) for

1dp

the LDPC encoder 315.
In this case, the LDPC encoders 214 and 315 may systematically perform the LDPC
encoding on the K4, LDPC information bits to generate an LDPC codeword A=(cy, ¢,

o )= (g, 115 vour 4 KT’ Po:Pis p oy & 1) formed of N, bits.

In the L1-basic modes and the L1-detail modes 1 and 2, the LDPC encoders 214 and
315 may encode the L1-basic signaling and the L1-detail signaling at a code rate of
3/15 to generate 16200 LDPC codeword bits. In this case, the LDPC encoders 214 and
315 may perform the LDPC encoding based on above Table 1.

Further, in the L1-detail modes 3, 4, 5 6, and 7, the LDPC encoder 315 may encode
the L1-detail signaling at a code rate of 6/15 to generate the 16200 LDPC codeword
bits. In this case, the LDPC encoder 315 may perform the LDPC encoding based on
above Table 3.

The code rate and the code length for the L1-basic signaling and the L.1-detail
signaling are as shown in above Table 5, and the number of LDPC information bits are
as shown in above Table 8.

The parity permutators 215 and 316 perform parity permutation. That is, the parity
permutators 215 and 316 may perform permutation only on the LDPC parity bits
among the LDPC information bits and the LDPC parity bits.

In detail, the parity permutators 215 and 316 may perform the permutation only on
the LDPC parity bits in the LDPC codewords output from the LDPC encoders 214 and
315, and output the parity permutated LDPC codewords to the repeaters 216 and 317,
respectively. The parity permutator 316 may output the parity permutated LDPC
codeword to an additional parity generator 319. In this case, the additional parity
generator 319 may use the parity permutated LDPC codeword output from the parity
permutator 316 to generate additional parity bits.

For this purpose, the parity permutators 215 and 316 may include a parity interleaver
(not illustrated) and a group-wise interleaver (not illustrated).

First, the parity interleaver may interleave only the LDPC parity bits among the
LDPC information bits and the LDPC parity bits configuring the LDPC codeword.
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However, the parity interleaver may perform the parity interleaving only in the cases of
the L1-detail modes 3, 4, 5, 6 and 7. That is, since the L1-basic modes and the
L1-detail modes 1 and 2 include the parity interleaving as a portion of the LDPC
encoding process, in the L1-basic modes and the L.1-detail modes 1 and 2, the parity
interleaver may not perform the parity interleaving.

In the mode of performing the parity interleaving, the parity interleaver may in-
terleave the LDPC parity bits based on following Equation 25.
for 0<s <360, 0<t <27 .... (25)

U g, +360r+s" C K +275+1

In detail, based on above Equation 25, the LDPC codeword (cy, cy, ...,

rrrrr

parity-interleaved by the parity interleaver and an output of the parity interleaver may

be represented by U = (ug, uy, oo, 4, )

Meanwhile, since the L1-basic modes and the L1-detail modes 1 and 2 do not use the

parity interleaver, an output U = (uy, uy, ..., _) of the parity interleaver may be

represented as following Equation 26.

u;=c; for 0<i <N .... (26)

The group-wise interleaver may perform the group-wise interleaving on the output of
the parity interleaver.

Here, as described above, the output of the parity interleaver may be an LDPC
codeword parity-interleaved by the parity interleaver or may be an LDPC codeword
which is not parity-interleaved by the parity interleaver.

Therefore, when the parity interleaving is performed, the group-wise interleaver may
perform the group-wise interleaving on the parity interleaved LDPC codeword, and
when the parity interleaving is not performed, the group-wise interleaver may perform
the group-wise interleaving on the LDPC codeword which is not parity-interleaved.

In detail, the group-wise interleaver may interleave the output of the parity in-
terleaver in a bit group unit.

For this purpose, the group-wise interleaver may divide an LDPC codeword output
from the parity interleaver into a plurality of bit groups. As a result, the LDPC parity
bits output from the parity interleaver may be divided into a plurality of bit groups.

In detail, the group-wise interleaver may divide the LDPC-encoded bits (uy, uy, ...,

oy N}_W_l) output from the parity interleaver into Nyoup(=Niue/360) bit groups based on

following Equation 27.
Xi={uy | 360xj<k <360x(j+1), 0<k <Nipper} for 0<j <Ngoyp --- (27)
In above Equation 27, X; represents a j-th bit group.
FIG. 13 illustrates an example of dividing the LDPC codeword output from the parity
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interleaver into a plurality of bit groups.

Referring to FIG. 13, the LDPC codeword is divided into Nyoup(=Nie/360) bit
groups, and each bit group X for 0 < j <N, is formed of 360 bits.

As aresult, the LDPC information bits formed of Kjq,. bits may be divided into Ky, /
360 bit groups and the LDPC parity bits formed of Nj;p-Kig,e bits may be divided into
Ninner-Kiape/360 bit groups.

Further, the group-wise interleaver performs the group-wise interleaving on the
LDPC codeword output from the parity interleaver.

In this case, the group-wise interleaver does not perform interleaving on the LDPC
information bits, and may perform the interleaving only on the LDPC parity bits to
change the order of the plurality of bit groups configuring the LDPC parity bits.

As aresult, the LDPC information bits among the LDPC bits may not be interleaved
by the group-wise interleaver but the LDPC parity bits among the LDPC bits may be
interleaved by the group-wise interleaver. In this case, the LDPC parity bits may be in-
terleaved in a group unit.

In detail, the group-wise interleaver may perform the group-wise interleaving on the
LDPC codeword output from the parity interleaver based on following Equation 28.

Yi=Xj, 0<j <Kigpe/360

Y =X Kiape/ 360<j < Niroup - (28)

Here, X represents a j-th bit group among the plurality of bit groups configuring the
LDPC codeword, that is, the j-th bit group which is not group-wise interleaved, and Y;
represents the group-wise interleaved j-th bit group. Further, m,(j) represents a per-
mutation order for the group-wise interleaving.

The permutation order may be defined based on following Table 10 and Table 11.
Here, Table 10 shows a group-wise interleaving pattern of a parity portion in the
L1-basic modes and the L1-detail modes 1 and 2, and Table 11 shows a group-wise in-
terleaving pattern of a parity portion for the L1-detail modes 3, 4, 5, 6 and 7.

In this case, the group-wise interleaver may determine the group-wise interleaving
pattern according to a corresponding mode shown in following Tables 10 and 11.

[Table 10]

Order of group-wise interleaving
Teifi (9= j=45]
(%) mp(10) | mp(11) | mp(12) | mp(13) | mp(14) | mp(15) | mp(16) | m(17) | 1mp(18) | mp(19) | 7p(20)
Tp(21)  1p(22) | mip(23) | mp(24) | mp(25) | mp(26) | mp(27) | 11p(28) | mp(29) | mp(30) | mp(31) | mx(32)
mA33)  7(34) | m(35) | m(36) | m(37) | mx(38) | mr(39) | mx(40) | m(41) | m(42) | m(43) | m(44)

L1-Basic 20 23 25 32 38 41 18 9 10 1 31 24
(all modes) 14 15 26 40 33 19 28 34 16 39 27 30

Signaling N
FEC Type group

Lebetal s o 10 17 |18 |2 33 |35 |14 |28 |12 15 |19
M1 24 29 |3 |38 |13 40 |43 |31 26 |38 |42

L 1Detai 9 31 23 w0 |11 25 |43 2o |3 16 |27 |34
Dota) 26 18 a7 |15 |13 17 |35 |21 |20 |24 a4 |12
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[501]
Order of group-wise interleaving
Signaling  |Ngroup e 082 [ 245
FEC Type {18)| 5{19) | r(20)| 5(21) | ri(22) | (23) | 7324) | m(25) | 126) | mi27) | 2B) | 15(29) | 1330) | 75(31)
T32)| TH33) | T34 | 13(35)| 1736) | T137) | (38) | 73(39)| 17{40) | r41) | 7742)| r43) | 154D

L1-Detail 19 37 30 |42 23 |44 (27 |40 |21 |34 |25 (32 |29 |24
Mode 3 26 35 |39 |20 |18 |43 |31 |36 (38 [22 33 |28 |41
L1-Detail 20 35 |42 |39 |26 |23 |30 |18 |28 |37 |32 |27 |44 |43
Mode 4 41 40 38 |36 |34 |33 [31 |29 |25 24 |22 21 |19
L1-Detail 45 19 37 33 |26 |40 |43 [22 |29 |24 |35 |44 31 |27 |20
Mode 5 21 139 |25 (42 |34 18 |32 |38 (23 [30 (28 |36 |41
L1-Detail 20 35 |42 |39 |26 (23 |30 |18 |28 |37 [32 |27 |44 |43
Mode 6 41 40 38 |36 |34 |33 31 |29 |25 24 |22 21 |19
L1-Detail 44 123 29 |33 |24 |28 |21 |27 |42 |18 |22 |31 |32 |37
Mode 7 43 30 |25 |35 |20 |34 39 |38 |19 |41 |40 |26 |38

[502]

[503]

[504]

[505]

[506]

[507]

[508]

[509]

Hereinafter, for the group-wise interleaving pattern in the L.1-detail mode 2 as an
example, an operation of the group-wise interleaver will be described.

In the L1-detail mode 2, the LDPC encoder 315 performs LDPC encoding on 3240
LDPC information bits at a code rate of 3/15 to generate 12960 LDPC parity bits. In
this case, an LDPC codeword may be formed of 16200 bits.

Each bit group is formed of 360 bits, and as a result the LDPC codeword formed of
16200 bits is divided into 45 bit groups.

Here, since the number of the LDPC information bits is 3240 and the number of the
LDPC parity bits is 12960, a O-th bit group to an 8-th bit group correspond to the
LDPC information bits and a 9-th bit group to a 44-th bit group correspond to the
LDPC parity bits.

In this case, the group-wise interleaver does not perform interleaving on the bit
groups configuring the LDPC information bits, that is, a O-th bit group to a §-th bit
group based on above Equation 28 and Table 10, but may interleave the bit groups
configuring the LDPC parity bits, that is, a 9-th bit group to a 44-th bit group in a
group unit to change an order of the 9-th bit group to the 44-th bit group.

In detail, in the L1-detail mode 2 in above Table 10, above Equation 28 may be rep-
resented like Y=Xo, Y =X, ..., Y.=X7, Ys=Xs, Yo=Xp0=Xo, Y 16=Xop10=Xs1, Y 11=Xypp
(11)=X23, ---,Y42=an(42)=X28, Y43=an(43)=X39, Y44=an(44)=X42-

Therefore, the group-wise interleaver does not change an order of the O-th bit group
to the 8-th bit group including the LDPC information bits but may change an order of
the 9-th bit group to the 44-th bit group including the LDPC parity bits.

In detail, the group-wise interleaver may change the order of the bit groups from the
9-th bit group to the 44-th bit group so that the 9-th bit group is positioned at the 9-th
position, the 31-th bit group is positioned at the 10-th position, the 23-th bit group is
positioned at the 11-th position,..., the 28-th bit group is positioned at the 42-th
position, the 39-th bit group is positioned at the 43-th position, the 42-th bit group is



51

WO 2016/137256 PCT/KR2016/001880

[510]

[511]

[512]

[513]

[514]

[515]

[516]

[517]
[518]

[519]

positioned at the 44-th position.

As described below, since the puncturers 217 and 318 perform puncturing from the
last parity bit, the parity bit groups may be arranged in an inverse order of the
puncturing pattern by the parity permutation. That is, the first bit group to be punctured
is positioned at the last bit group.

The foregoing example describes that only the parity bits are interleaved, which is
only one example. That is, the parity permutators 215 and 316 may also interleave the
LDPC information bits. In this case, the parity permutators 215 and 316 may interleave
the LDPC information bits with identity and output the LDPC information bits having
the same order before the interleaving so that the order of the LDPC information bits is
not changed.

The repeaters 216 and 317 may repeat at least some bits of the parity permutated
LDPC codeword at a position subsequent to the LDPC information bits, and output the
repeated LDPC codeword, that is, the LDPC codeword bits including the repetition
bits, to the puncturers 217 and 318. The repeater 317 may also output the repeated
LDPC codeword to the additional parity generator 319. In this case, the additional
parity generator 319 may use the repeated LDPC codeword to generate the additional
parity bits.

In detail, the repeaters 216 and 317 may repeat a predetermined number of LDPC
parity bits after the LDPC information bits. That is, the repeaters 216 and 317 may add
the predetermined number of repeated LDPC parity bits after the LDPC information
bits. Therefore, the repeated LDPC parity bits are positioned between the LDPC in-
formation bits and the LDPC parity bits within the LDPC codeword.

Therefore, since the predetermined number of bits within the LDPC codeword after
the repetition may be repeated and additionally transmitted to the receiver 200, the
foregoing operation may be referred to as repetition.

The term "adding" represents disposing the repetition bits between the LDPC in-
formation bits and the LDPC parity bits so that the bits are repeated.

The repetition may be performed only on the L1-basic mode 1 and the L1-detail
mode 1, and may not be performed on the other modes. In this case, the repeaters 216
and 317 do not perform the repetition and may output the parity permutated LDPC
codeword to the puncturers 217 and 318.

Hereinafter, a method for performing repetition will be described in more detail.

The repeaters 216 and 317 may calculate a number N, Of bits additionally
transmitted per an LDPC codeword based on following Equation 29.

e (29)
N repeat = 2 X LC XN outerJ +D
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In above Equation 29, C has a fixed number and D may be an even integer. Referring
to above Equation 29, it may be appreciated that the number of bits to be repeated may
be calculated by multiplying C by a given N, and adding D thereto.

The parameters C and D for the repetition may be selected based on following Table
12. That is, the repeaters 216 and 317 may determine the C and D based on a corre-

sponding mode as shown in following Table 12.

[Table 12]
Nout K.. Kig c D Nldpc _parity 7
outer sig pc - MOoD
(= Ninner— Kldpc)
L1-Basic Mode 1 (368 200 3240 |0 3672 [12960 2
L1-Detail Mode 1 |568 ~2520 |400 ~2352 |3240 [61/16 |-508 |12960 2

Further, the repeaters 216 and 317 may repeat N,.,... LDPC parity bits.

In detail, when Niepear < Nigpe_pariry> the repeaters 216 and 317 may add first Ny, bits
of the parity permutated LDPC parity bits to the LDPC information bits as illustrated
in FIG. 14. That is, the repeaters 216 and 317 may add a first LDPC parity bit among
the parity permutated LDPC parity bits as an N,,.,-th LDPC parity bit after the LDPC
information bits.

When Niepea = Nigpe parity- the repeaters 216 and 317 may add the parity permutated N
1ape_parity LIDPC parity bits to the LDPC information bits as illustrated in FIG. 15, and
may additionally add an Niepew-Nidpe_pariy number of the parity permutated LDPC parity
bits to the Nygpe pariy LDPC parity bits which are first added. That is, the repeaters 216
and 317 may add all the parity permutated LDPC parity bits after the LDPC in-
formation bits and additionally add the first LDPC parity bit to the N;epea-Nidpe_pariy-th
LDPC parity bit among the parity permutated LDPC parity bits after the LDPC parity
bits which are first added.

Therefore, in the L1-basic mode 1 and the L1-detail mode 1, the additional N, bits
may be selected within the LDPC codeword and transmitted.

The puncturers 217 and 318 may puncture some of the LDPC parity bits included in
the LDPC codeword output from the repeaters 216 and 317, and output a punctured
LDPC codeword (that is, the remaining LDPC codeword bits other than the punctured
bits and also referred to as an LDPC codeword after puncturing) to the zero removers
218 and 321. Further, the puncturer 318 may provide information (for example, the
number and positions of punctured bits, etc.) about the punctured LDPC parity bits to
the additional parity generator 319. In this case, the additional parity generator 319
may generate additional parity bits based thereon.

As aresult, after going through the parity permutation, some LDPC parity bits may
be punctured.

In this case, the punctured LDPC parity bits are not transmitted in a frame in which
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L1 signaling bits are transmitted. In detail, the punctured LDPC parity bits are not
transmitted in a current frame in which the L1-signaling bits are transmitted, and in
some cases, the punctured LDPC parity bits may be transmitted in a frame before the
current frame, which will be described with reference to the additional parity generator
319.

For this purpose, the puncturers 217 and 318 may determine the number of LDPC
parity bits to be punctured per LDPC codeword and a size of one coded block.

In detail, the puncturers 217 and 318 may calculate a temporary number Nyuc emp Of
LDPC parity bits to be punctured based on following Equation 30. That is, for a given
Nouer, the puncturers 217 and 318 may calculate the temporary number Ny emp OF
LDPC parity bits to be punctured based on following Equation 30.

... (30)

N punc_temp = LA X (Klde_ Nouter)J + B

Referring to above Equation 30, the temporary size of bits to be punctured may be
calculated by adding a constant integer B to an integer obtained from a result of mul-
tiplying a shortening length (that is, Kge-Nouwer) by @ preset constant A value. In the
present exemplary embodiment, it is apparent that the constant A value is set at a ratio
of the number of bits to be punctured to the number of bits to be shortened but may be
variously set according to requirements of a system.

Here, the B value is a value which represents a length of bits to be punctured even
when the shortening length is 0, and thus, represents a minimum length that the
punctured bits can have. Further, the A and B values serve to adjust an actually
transmitted code rate. That is, to prepare for a case in which the length of information
bits, that is, the length of the L1 signaling is short or a case in which the length of the
L1 signaling is long, the A and B values serve to adjust the actually transmitted code
rate to be reduced.

The above K4, A and B are listed in following Table 13 which shows parameters
for puncturing. Therefore, the puncturers 217 and 318 may determine the parameters
for puncturing according to a corresponding mode as shown in following Table 13.

[Table 13]
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[538] Signaling FEC Type Nouter | Kidpc A B Nidpc_parity | Mwon
Mode 1 9360 2
Mode 2 11460 2
Mode 3 12360 2
L1-Basic Mode 4 368 0 12292 4
Mode 5 3240 12350 12960 6
Mode 6 12432 8
Mode 7 12776 8
Mode 1 568 ~ 2520 712 0 2
Mode 2 568 ~ 3240 2 6036 2
Mode 3 11/16 4653 2
L1-Detail Mode 4 29/32 3200 4
Mode 5 568 ~ 6480 | 6480 3/4 4284 9720 6
Mode 6 11/16 4900 8
Mode 7 49/256 8246 8
[539] The puncturers 217 and 318 may calculate a temporary size Nggc emp Of One coded

[540]
[541]

[542]
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[547]

[548]

block as shown in following Equation 31. Here, the number Ny iy 0f LDPC parity
bits according to a corresponding mode is shown as above Table 13.

Nrec temp=Noutert Nidpe_parityNpunc_temp -+ (31)

Further, the puncturers 217 and 318 may calculate a size Nggc of one coded block as

shown in following Equation 32.

... (32)
I\lFEC temp
——w X r]'I\/IOD

MOD

Nfec =

In above Equation 32, Myop is @ modulation order. For example, when the L1-basic
signaling and the L1-detail signaling are modulated by QPSK, 16-QAM, 64-QAM or
256-QAM according to a corresponding mode, nvop may be 2, 4, 6 and 8 as shown in
above Table 13. According to above Equation 32, Npzc may be an integer multiple of
the modulation order.

Further, the puncturers 217 and 318 may calculate the number N, of LDPC parity
bits to be punctured based on following Equation 33.

NpunC:Npunc_temp_ (NFEC'NFEC_temp) ceee (3 3)

Here, N, is O or a positive integer. Further, Nggc is the number of bits of an in-
formation block which are obtained by subtracting N, bits to be punctured from Ny
+Nigpe_parity bits obtained by performing the BCH encoding and the LDPC encoding on
K, information bits. That is, Nggc is the number of bits other than the repetition bits
among the actually transmitted bits, and may be called the number of shortened and
punctured LDPC codeword bits.

Referring to the foregoing process, the puncturers 217 and 318 multiplies A by the
number of padded zero bits, that is, a shortening length and adding B to a result to
calculate the temporary number Nuuc emp Of LDPC parity bits to be punctured.

Further, the puncturers 217 and 318 calculate the temporary number Negc emp Of
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LDPC codeword bits to constitute the LDPC codeword after puncturing and shortening
based on the Ny temp-

In detail, the LDPC information bits are LDPC-encoded, and the LDPC parity bits
generated by the LDPC encoding are added to the LDPC information bits to configure
the LDPC codeword. Here, the LDPC information bits include the BCH-encoded bits
in which the L1-basic signaling and the L1-detail signaling are BCH encoded, and in
some cases, may further include padded zero bits.

In this case, since the padded zero bits are LDPC-encoded, and then, are not
transmitted to the receiver 200, the shortened LDPC codeword, that is, the LDPC
codeword (that is, shortened LDPC codeword) except the padded zero bits may be
formed of the BCH-encoded bits and LDPC parity bits.

Therefore, the puncturers 217 and 318 subtract the temporary number of LDPC
parity bits to be punctured from a sum of the number of BCH-encoded bits and the
number of LDPC parity bits to calculate the Negc_emp-

The punctured and shortened LDPC codeword (that is, LDPC codeword bits
remaining after puncturing and shortening) are mapped to constellation symbols by
various modulation schemes such as QPSK, 16-QAM, 64-QAM or 256-QAM
according to a corresponding mode, and the constellation symbols may be transmitted
to the receiver 200 through a frame.

Therefore, the puncturers 217 and 318 determine the number Nggc of LDPC
codeword bits to constitute the LDPC codeword after puncturing and shortening based
0N Nrgc emps Nrre being an integer multiple of the modulation order, and determine the
number N,,,,. of bits which need to be punctured based on LDPC codeword bits after
shortening to obtain the Nggc.

When zero bits are not padded, an LDPC codeword may be formed of BCH-encoded
bits and LDPC parity bits, and the shortening may be omitted.

Further, in the L1-basic mode 1 and the L.1-detail mode 1, repetition is performed,
and thus, the number of shortened and punctured LDPC codeword bits is equal to Nggc
+Nepeat-

The puncturers 217 and 318 may puncture the LDPC parity bits as many as the
calculated number.

In this case, the puncturers 217 and 318 may puncture the last N, bits of all the
LDPC codewords. That is, the puncturers 217 and 318 may puncture the N, bits from
the last LDPC parity bits.

In detail, when the repetition is not performed, the parity permutated LDPC
codeword includes only LDPC parity bits generated by the LDPC encoding.

In this case, the puncturers 217 and 318 may puncture the last N, bits of all the
parity permutated LDPC codewords. Therefore, the Ny, bits from the last LDPC
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parity bits among the LDPC parity bits generated by the LDPC encoding may be
punctured.

When the repetition is performed, the parity permutated and repeated LDPC
codeword includes the repeated LDPC parity bits and the LDPC parity bits generated
by the LDPC encoding.

In this case, the puncturers 217 and 318 may puncture the last N, bits of all the
parity permutated and repeated LDPC codewords, respectively, as illustrated in FIGs.
16 and 17.

In detail, the repeated LDPC parity bits are positioned between the LDPC in-
formation bits and the LDPC parity bits generated by the LDPC encoding, and thus,
the puncturers 217 and 318 may puncture the N, bits from the last LDPC parity bits
among the LDPC parity bits generated by the LDPC encoding, respectively.

As such, the puncturers 217 and 318 may puncture the N, bits from the last LDPC
parity bits, respectively.

Niune 18 O or a positive integer and the repetition may be applied only to the L1-basic
mode 1 and the L1-detail mode 1.

The foregoing example describes that the repetition is performed, and then, the
puncturing is performed, which is only one example. In some cases, after the
puncturing is performed, the repetition may be performed.

The additional parity generator 319 may select bits from the LDPC parity bits to
generate additional parity (AP) bits.

In this case, the additional parity bits may be selected from the LDPC parity bits
generated based on the L1-detail signaling transmitted in a current frame, and
transmitted to the receiver 200 through a frame before the current frame, that is, a
previous frame.

In detail, the L1-detail signaling is LDPC-encoded, and the LDPC parity bits
generated by the LDPC encoding are added to the L1-detail signaling to configure an
LDPC codeword.

Further, puncturing and shortening are performed on the LDPC codeword, and the
punctured and shortened LDPC codeword may be mapped to a frame to be transmitted
to the receiver 200. Here, when the repetition is performed according to a corre-
sponding mode, the punctured and shortened LDPC codeword may include the
repeated LDPC parity bits.

In this case, the L1-detail signaling corresponding to each frame may be transmitted
to the receiver 200 through each frame, along with the LDPC parity bits. For example,
the punctured and shortened LDPC codeword including the L1-detail signaling corre-
sponding to an (i-1)-th frame may be mapped to the (i-1)-th frame to be transmitted to
the receiver 200, and the punctured and shortened LDPC codeword including the
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L 1-detail signaling corresponding to the i-th frame may be mapped to the i-th frame to
be transmitted to the receiver 200.

The additional parity generator 319 may select at least some of the LDPC parity bits
generated based on the L1-detail signaling transmitted in the i-th frame to generate the
additional parity bits.

In detail, some of the LDPC parity bits generated by performing the LDPC encoding
on the L1-detail signaling are punctured, and then, are not transmitted to the receiver
200. In this case, the additional parity generator 319 may select at least some of the
punctured LDPC parity bits among the LDPC parity bits generated by performing the
LDPC encoding on the L1-detail signaling transmitted in the i-th frame, thereby
generating the additional parity bits.

Further, the additional parity generator 319 may select at least some of the LDPC
parity bits to be transmitted to the receiver 200 through the i-th frame to generate the
additional parity bits.

In detail, the LDPC parity bits included in the punctured and shortened LDPC
codeword to be mapped to the i-th frame may be configured of only the LDPC parity
bits generated by the LDPC encoding according to a corresponding mode or the LDPC
parity bits generated by the LDPC encoding and the repeated LDPC parity bits.

In this case, the additional parity generator 319 may select at least some of the LDPC
parity bits included in the punctured and shortened LDPC codeword to be mapped to
the i-th frame to generate the additional parity bits.

The additional parity bits may be transmitted to the receiver 200 through the frame
before the i-th frame, that is, the (i-1)-th frame.

That is, the transmitter 100 may not only transmit the punctured and shortened LDPC
codeword including the L1-detail signaling corresponding to the (i-1)-th frame but also
transmit the additional parity bits generated based on the L1-detail signaling
transmitted in the i-th frame to the receiver 200 through the (i-1)-th frame.

In this case, the frame in which the additional parity bits are transmitted may be
temporally the most previous frame among the frames before the current frame.

For example, the additional parity bits have the same bootstrap major/minor version
as the current frame among the frames before the current frame, and may be
transmitted in temporally the most previous frame.

In some cases, the additional parity generator 319 may not generate the additional
parity bits.

In this case, the transmitter 100 may transmit information about whether additional
parity bits for an L1-detail signaling of a next frame are transmitted through the current
frame to the receiver 200 using an L1-basic signaling transmitted through the current

frame.
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For example, the use of the additional parity bits for the L1-detail signaling of the
next frame having the same bootstrap major/minor version as the current frame may be
signaled through a field L1B_L1_Detail_additional_parity_mode of the L.1-basic
parameter of the current frame. In detail, when the
L1B_L1_Detail_additional_parity_mode in the L.1-basic parameter of the current
frame is set to be '00', additional parity bits for the L1-detail signaling of the next
frame are not transmitted in the current frame.

As such, to additionally increase robustness of the L.1-detail signaling, the additional
parity bits may be transmitted in the frame before the current frame in which the
L 1-detail signaling of the current frame is transmitted.

FIG. 18 illustrates an example in which the additional parity bits for the L1-detail
signaling of the i-th frame are transmitted in a preamble of the (i-1)-th frame.

FIG. 18 illustrates that the L.1-detail signaling transmitted through the i-th frame is
segmented into M blocks by segmentation and each of the segmented blocks is FEC
encoded.

Therefore, M number of LDPC codewords, that is, an LDPC codeword including
LDPC information bits L1-D(i)_1 and parity bits parity for L1-D(i)_1 therefor,..., and
an LDPC codeword including LDPC information bits L1-D(i1)_M and parity bits parity
for L1-D(i)_M therefor are mapped to the i-th frame to be transmitted to the receiver
200.

In this case, the additional parity bits generated based on the L1-detail signaling
transmitted in the i-th frame may be transmitted to the receiver 200 through the (i-1)-th
frame.

In detail, the additional parity bits, that is, AP for L1-D(i)_1,...AP for L1-D(i)_M
generated based on the L1-detail signaling transmitted in the i-th frame may be
mapped to the preamble of the (i-1)-th frame to be transmitted to the receiver 200. As a
result of using the additional parity bits, a diversity gain for the L1 signaling may be
obtained.

Hereinafter, a method for generating additional parity bits will be described in detail.

The additional parity generator 319 calculates a temporary number Nyp (m, 0f ad-

ditional parity bits based on following Equation 34.

Nyp omp = MIN 0.5 XKX (Nouter+ N Idpc_parity = N punc + N repeat), K=012
N (Nigpc_parity+ Npunc + N repeat)

... (34)
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. ajfa=<b>b
min(a,b) = {b ifb < a

Further, K represents a ratio of the additional parity bits to a half of a total number of
bits of a transmitted coded L1-detail signaling block (that is, bits configuring the
L 1-detail signaling block repeated, punctured, and have the zero bits removed (that is,
shortened)).

In this case, K corresponds to an L1B_L1_Detail_additional_parity_mode field of
the L1-basic signaling. Here, a value of the L1B_L.1_Detail_additional_parity_mode
associated with the L1-detail signaling of the i-th frame (that is, frame (#1)) may be
transmitted in the (i-1)-th frame (that is, frame (#i-1)).

As described above, when L1 detail modes are 2, 3, 4, 5, 6 and 7, since repetition is
not performed, in above Equation 34, Niepey 15 0.

Further, the additional parity generator 319 calculates the number N,p of additional
parity bits based on following Equation 35. Therefore, the number N,p of additional

parity bits may be an integer multiple of a modulation order.

... (35)
NAP tem
_temp
Nep = {_‘ X
Mmoo
Here, is a maximum integer which is not greater than x. Here, Myop 1S the

X

modulation order. For example, when the L1-detail signaling is modulated by QPSK,
16-QAM, 64-QAM or 256-QAM according to a corresponding mode, the nvop may be
2,4, 6 or 8, respectively.

As such, the number of additional parity bits to be generated may be determined
based on the total number of bits to be transmitted in the current frame.

Next, the additional parity generator 319 may select bits as many as the number of
bits calculated in the LDPC parity bits to generate the additional parity bits.

In detail, when the number of punctured LDPC parity bits is equal to or greater than
the number of additional parity bits to be generated, the additional parity generator 319
may select bits as many as the calculated number from the first LDPC parity bit among
the punctured LDPC parity bits to generate the additional parity bits.

When the number of punctured LDPC parity bits is less than the number of ad-
ditional parity bits to be generated, the additional parity generator 319 may first select
all the punctured LDPC parity bits, and additionally select bits as many as the number
obtained by subtracting the number of punctured LDPC parity bits from the number of
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additional parity bits to be generated, from the first LDPC parity bit among the LDPC
parity bits included in the LDPC codeword, to generate the additional parity bits.

In detail, when repetition is not performed, LDPC parity bits included in a repeated
LDPC codeword are the LDPC parity bits generated by the LDPC encoding.

In this case, the additional parity generator 319 may first select all the punctured
LDPC parity bits and additionally select bits as many as the number obtained by sub-
tracting the number of punctured LDPC parity bits from the number of additional
parity bits, from the first LDPC parity bit among the LDPC parity bits generated by the
LDPC encoding, to generate the additional parity bits.

Here, the LDPC parity bits generated by the LDPC encoding are divided into non-
punctured LDPC parity bits and punctured LDPC parity bits. As a result, when the bits
are selected from the first bit among the LDPC parity bits generated by the LDPC
encoding, they may be selected in an order of the non-punctured LDPC parity bits and
the punctured LDPC parity bits.

When the repetition is performed, the LDPC parity bits included in the repeated
LDPC codeword are the repeated LDPC parity bits and the LDPC parity bits generated
by the encoding. Here, the repeated LDPC parity bits are positioned between the
LDPC information bits and the LDPC parity bits generated by the LDPC encoding.

In this case, the additional parity generator 319 may first select all the punctured
LDPC parity bits and additionally select bits as many as the number obtained by sub-
tracting the number of punctured LDPC parity bits from the number of additional
parity bits, from the first LDPC parity bit among the repeated LDPC parity bits to
generate the additional parity bits.

Here, when bits are selected from the first bit among the repeated LDPC parity bits,
they may be selected in an order of the repetition bits and the LDPC parity bits
generated by the LDPC encoding. Further, bits may be selected in an order of the non-
punctured LDPC parity bits and the punctured LDPC parity bits, within the LDPC
parity bits generated by the LDPC encoding.

Hereinafter, methods for generating additional parity bits according to exemplary
embodiments will be described in more detail with reference to FIGs. 19 to 21.

FIGs. 19 to 21 are diagrams for describing the methods for generating additional
parity bits when repetition is performed, according to the exemplary embodiments. In

this case, a repeated LDPC codeword V = (v, vy, ... _1) may be rep-

nnnnn

resented as illustrated in FIG. 19.

First, when Np < N, as illustrated in FIG. 20, the additional parity generator 319
may select Np bits from the first LDPC parity bit among punctured LDPC parity bits
to generate the additional parity bits.
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[612] Therefore, for the additional parity bits, the punctured LDPC parity bits (

,) may be selected.
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That is, the additional parity generator 319 may select the Np bits from the first bit
among the punctured LDPC parity bits to generate the additional parity bits.

[613] When Nyp > Ny, as illustrated in FIG. 21, the additional parity generator 319 selects
all the punctured LDPC parity bits.

[614] Therefore, for the additional parity bits, all the punctured LDPC parity bits (

VN AN Nt Y N Ny N VN Nm_l) may be selected.

[615] Further, the additional parity generator 319 may additionally select first Nap-Nyuac bits
from the LDPC parity bits including the repeated LDPC parity bits and the LDPC
parity bits generated by the LDPC encoding.

[616] That is, since the repeated LDPC parity bits and the LDPC parity bits generated by
the LDPC encoding are sequentially arranged, the additional parity generator 319 may
additionally select the Nap-N,,, parity bits from the first LDPC parity bit among the
repeated LDPC parity bits.

[617] Therefore, for the additional parity bits, the LDPC parity bits ( 4, Ko

3 KMPC+1, ey

_,) may be additionally selected.

v X +NAP_NpunE

[618] In this case, the additional parity generator 319 may add the additionally selected bits
to the previously selected bits to generate the additional parity bits. That is, as il-
lustrated in FIG. 21, the additional parity generator 319 may add the additionally
selected LDPC parity bits to the punctured LDPC parity bits to generate the additional
parity bits.

[619] As aresult, for the additional parity bits, ( , Ny

_,) may be selected.

v + VYV R T4 ERRAA T R 4
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[620] As such, when the number of punctured bits is equal to or greater than the number of
additional parity bits to be generated, the additional parity bits may be generated by
selecting bits among the punctured bits based on the puncturing order. On the other
hand, in other cases, the additional parity bits may be generated by selecting all the
punctured bits and the Nsp-N,,., parity bits.

[621] Since N, =0 when repetition is not performed, the method for generating additional
parity bits when the repetition is not performed is the same as the case in which Niepey
=0 1in FIGs. 19 to 21.

[622] The additional parity bits may be bit-interleaved, and may be mapped to con-
stellation. In this case, the constellation for the additional parity bits may be generated

by the same method as constellation for the L1-detail signaling bits 