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ABSTRACT

Receiving apparatus and method are provided. The receiving apparatus includes: a
receiver configured to receive a signal; a demodulator configured to demodulate the signal to
generate values based on a quadrature phase shift keying modulation of the mode; an inserter
configured to insert predetermined values into the values; a parity depermutator configured
to split the values and the inserted values into a plurality of groups and deinterleave some
groups from among the plurality of groups based on a permutation order of the mode to
provide deinterleaved plurality of groups in which the some groups are deinterleaved; and a
decoder configured to decode values of the deinterleaved plurality of groups based on a low
density parity check code. The predetermined values correspond to parity bits punctured in
the transmitting apparatus. Values of some groups among the deinterleaved plurality of

groups comprise at least a part of the predetermined values.
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|
TRANSMITTER AND METHOD FOR GENERATING

ADDITIONAL PARITY THEREOF

Description

[1] This application is a divisional of Canadian patent application No. 2977043 filed
February 25, 2016.

Technical Field

[2] 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

3] Broadcast communication services in information oriented society of the 21st
century arc entering an cra of digitalization, multi-channclization, 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.

41 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

[51 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.

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

[7] 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
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2
bits and parity bits to be transmitted in a current frame; a parity permutator

configured to perform by group-wise interleaving a plurality of bit groups
configuring the parity bits based on a group-wisc interleaving 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 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.

[8] The second pattern may represent 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 represented in the second pattern.

(9] The parity permutator may perform the group-wise interleaving based on

Equation 11, and an order for the parity permutation with respect to the second
pattern may be determined based on the Table 4.

[10]  The LDPC encoder may encode 3240 input bits at a code rate of 3/15 to
generate 12960 parity bits.

{117 The LDPC codeword after the puncturing may be mapped to constellation
symbols by QPSK to be transmitted to a receiver in the current frame.

[12] According to an aspect another exemplary embodiment, there is provided a
method for gencrating an additional parity. The method may include: encoding
input bits to generate parity bits to be transmitted in a current frame along with the
input bits; performing parity permutation by group-wise interleaving a plurality of
bit groups configuring the 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 generating additional parity bits transmitted in a
previous frame of the current frame by selecting at least some of the punctured
parity bits, 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.

[13]  The second pattern may represent bit groups to be always punctured in the

plurality of bit groups regardless of a number of parity bits to be punctured by the
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3
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 represented in the second pattern.
[14]  The first pattern may represent 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.
[15] The first pattern may further represent 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.
[16]  The first pattern may further represents 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.
[17] According to an aspect of the invention, there is provided a broadcasting signal
transmitting method of a broadcasting signal transmitting apparatus which is operable in
a mode among a plurality of modes. The method comprises:
encoding information bits comprising input bits to generate parity bits based on a
low density parity check (LDPC) code having a code rate of the mode being 3/15 and a
code length of the mode being 16200 bits, wherein the input bits are based on signalling
information about broadcasting data;
splitting a codeword into a plurality of bit groups, the codeword comprising the
information bits and the parity bits;
interleaving bit groups including the parity bits among the plurality of bit groups
based on a permutation order of the mode, to provide an interleaved codeword;
calculating a number of parity bits to be punctured based on a number of the
information bits;
puncturing bit of the interleaved codeword based on the calculated number;
mapping the input bits and parity bits of the interleaved codeword remaining after
the puncturing onto constellation points, wherein the constellation points are generated
based on a quadrature phase shift keying (QPSK) of the mode;
generating a broadcast signal based on the constellation points using orthogonal
frequency division multiplexing(OFDM) scheme; and

transmitting the broadcast signal,
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3a
wherein bits of 20th, 24th, 44th, 12th, 22th, 40th, 19th, 32th, 38th, 41th, 30th,

33th, 14th, 28th, 39th and 42th bit groups among the plurality of bit groups are punctured,
and

wherein bit groups to be punctured are determined based on the permutation
order of the mode and the calculated number.

[17a] In another aspect of the invention, there is provided a broadcasting signal
transmitting apparatus which is operable in a mode among a plurality of modes. The
apparatus comprises:

an encoder configured to encode information bits comprising input bits to generate
parity bits based on a low density parity check (LDPC) code having a code rate of the
mode being 3/15 and a code length of the mode being 16200 bits, wherein the input bits
are based on signalling information about a broadcasting data;

a parity permutator configured to split a codeword into a plurality of bit groups, the
codeword comprising the information bits and the parity bits, and interleaving bit groups
including the parity bits among the plurality of bit groups based on a permutation order of
the mode, to provide an interleaved codeword;

a puncture configured to calculate a number of parity bits to be punctured based on
a number of the information bits, and puncture bit of the interleaved codeword based on
the calculated number;

amapper configured to map the input bits and parity bits of the interleaved codeword
remaining after the puncturing onto constellation points, wherein the constellation points
are generated based on a quadrature phase shift keying (QPSK) of the mode;

a signal generator configured to generate a broadcast signal based on the
constellation points using orthogonal frequency division multiplexing(OFDM) scheme;
and

a transmitter configured transmit the broadcast signal,

wherein bits of 20th, 24th, 44th, 12th, 22th, 40th, 19th, 32th, 38th, 41th, 30th,

33th, 14th, 28th, 39th and 42th bit groups among the plurality of bit groups are punctured,
and

wherein bit groups to be punctured are determined based on the permutation

order of the mode and the calculated number.
[17b] In another aspect of the invention, there is provided a receiving apparatus
comprising:
a receiver configured to receive a signal from a transmitting apparatus
being operable in a mode among a plurality of modes;

a demodulator configured to demodulate the signal to generate values based
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3b
on a quadrature phase shift keying (QPSK) modulation of the mode;

an inserter configured to insert predetermined values to the values;

a parity depermutator configured to split the values to which the
predetermined values are inserted into a plurality of groups and deinterleave the
plurality of groups based on a permutation order of the mode to provide
deinterleaved values; and

a decoder configured to decode the deinterleaved values based on a low
density parity check (LDPC) code having a code rate being 3/15 of the mode and
a code length being 16200 bits of the mode,

wherein the predetermined values correspond parity bits punctured in the
transmitting apparatus,

wherein values of 20, 24t 44t 12t 22th 40t 19th 32th 3gth 4]th 30th
33t 14t 28 39t and 42' groups among the deinterleaved plurality of groups
comprise the predetermined values, and

wherein the parity bits punctured in the transmitting apparatus are
determined based on the permutation order of the mode.

[17¢] In another aspect of the invention, there is provided a receiving method
comprising:

receiving a signal from a transmitting apparatus being operable in a mode
among a plurality of modes;

demodulating the signal to generate values based on a quadrature phase
shift keying (QPSK) modulation of the modc;

inserting predetermined values to the values;

splitting the values to which the predetermined values are inserted into a
plurality of groups;

deinterleaving the plurality of groups based on a permutation order of the
mode to provide deinterleaved values; and

decoding the deinterleaved values based on a low density parity check
(LDPC) code having a code rate being 3/15 of the mode and a code length being
16200 bits of the mode,

wherein the predetermined values correspond parity bits punctured in the
transmitting apparatus,

wherein values of 20™, 24t 44t 12t 22th 40th 9th 32th 3gth 4]th 3th
33t 14t 28 39t and 42' groups among the deinterleaved plurality of groups
comprise the predetermined values, and

wherein the parity bits punctured in the transmitting apparatus are
determined based on the permutation order of the mode.

[17d] In another aspect of the invention, there is provided a receiving apparatus being

operable in a mode among a plurality of modes, the receiving apparatus comprising: a

Date Regue/Date Received 2021-03-23



3c
receiver configured to receive a signal from a transmitting apparatus; a demodulator

configured to demodulate the signal to generate values based on a quadrature phase shift
keying (QPSK) modulation of the mode; an inserter configured to insert predetermined
values into the values; a parity depermutator configured to split the values and the
inserted values into a plurality of groups and deinterleave some groups from among the
plurality of groups based on a permutation order of the mode to provide deinterleaved
plurality of groups in which the some groups are deinterleaved; and a decoder
configured to decode values of the deinterleaved plurality of groups based on a low
density parity check (LDPC) code, a code rate of the mode being 3/15 and a code length
of the mode being 16200 bits, wherein the predetermined values correspond to parity
bits punctured in the transmitting apparatus, and wherein values of 20%, 24% 44t 12%
22t 40% 19t 32t 38t 41% 30M 33t 140 28% 39% and 42t groups among the
deinterleaved plurality of groups comprise at least a part of the predetermined values.
[17e] In another aspect of the invention, there is provided a receiving method of a
receiving apparatus being operable in a mode among a plurality of modes, the method
comprising: receiving a signal from a transmitting apparatus; demodulating the signal to
generate values based on a quadrature phase shift keying (QPSK) modulation of the
mode; inserting predetermined values into the values; splitting the values and the
inserted values into a plurality of groups; deinterleaving some groups from among the
plurality of groups based on a permutation order of the mode to provide deinterleaved
plurality of groups in which the some groups are deinterleaved; and decoding values of
the deinterleaved plurality of groups based on a low density parity check (LDPC) code, a
code rate of the mode being 3/15 and a code length of the mode being 16200 bits,
wherein the predetermined values correspond to parity bits punctured in the transmitting
apparatus, and wherein values of 20, 24% 44%h 12t 2ot 40t 19t 3ot 3gth 41t 3t
33M 14% 28" 39™ and 42 groups among the deinterleaved plurality of groups comprise

at least a part of the predetermined values.

Advantageous Effects of Invention
[18]  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
[19]  The above and/or other aspects of the exemplary embodiments will be

described herein with reference to the accompanying drawings, in which:
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[29]

[30]

[31]

[32]

3d

FIG. 1is 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;

FIGs. 4 to 6 are diagrams for describing methods for generating additional parity
bits, according to exemplary embodiments;

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 of a receiver, according to exemplary embodiment;

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

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

according to an exemplary embodiment.
Best Mode for Carrying out the Invention

Mode for the Invention

Hereinafier, 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.
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[35]

[36]

[39]

[40]

[41]

[42]

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

The LDPC cncoder 110 may encode input bits. In other words, the LDPC encoder
[10 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 (that is, bits having a O value). 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 data or 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 usc various cncoding 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 gencrated by outer-encoding the information bits is less than the required
number of LDPC information bits, an appropriate number of zero bits arc padded to
obtain the required number of LDPC information bits for the LDPC encoding.
Therefore, the outcr-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 only to obtain the specific 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 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 arc 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 Noyer (Kot Mouier)-

In this case, when the number N,... of outer-encoded bits is less than the number K.
of LDPC information bits. Kiype-Newer Zcr0 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.
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[43]

[44]

[45]

[46]
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[48]

[49]
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[51]

N

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 scgmented 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-cncoded bits and the padded zero bits.

However, when the number of information bits or the number of scgmented 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 onc example. However, the information bits may not be outer-encoded and
configure the LDPC information bits along with the zcro 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 arec 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 N .(=K,+M,..). Here, M. =168.

The foregoing example describes that zero bits, which will be shortened, are padded,
which is only one example. That is, since zcro bits are bits having a value preset by the
transmitter 100 and the receiver 200 and padded only to form LDPC information bits
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 instcad of zero bits may be padded for shortening.

The LDPC encoder |10 may systematically encode LDPC information bits to

CA 3058419 2019-10-10



(52]

(53]
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[55]

[56]

[57)

[58]

(591

[60]

[o1]

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
gencrated by the LDPC encoding.

For example, the LDPC encoder 110 may LDPC-encode K,,. LDPC information bits
)

=y de e R ) to generate Ny, iy LDPC parity bils (py. pi. ..

K A Nigem K- 1

i

1) h% oK _1) f()rmed Of Nlr‘llt‘!‘(zK\(lp;'+N\(lpC7pul‘lK} ) blt%

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

For example. the LDPC cncoder |10 may perform LDPC encoding on 3240 input
bits at a codc rate of 3/15 to generate an LDPC codeword formed of 16200 bits. As
another example, the LDPC cncoder 110 may perform LDPC encoding on 6480 input
bits at a codc ratc 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
cmbodiments will be described with reference to the accompanying drawings. In the
parity check matrix, elements of a portion other than | arc 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 tformed of five sub-matrices A,
B. C, Z and D. Hereinatfter, for describing the structure of the parity check matrix 20,
cach matrix structurc will be deseribed.

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 K,.) 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
0-th column of an i-th column group may be defined based on Table 1 when the length
of thc 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]
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[62]

[63]

[64]

[65]

[66]

[67]

[68]

[69]

[70]

8372841 4522 5253 7430 8542 Y822 10550 21895 11988
80 255667 1511 3549 5239 54225497 /157 /824 11267

257 406 792 2916 3072 3214 3638 4090 8175 8892 9003

80 150 336 1883 683R 7818 9482 10366 1051< 11468 17341
32 100978 3193 6751 7787 8796 10270 10318 10451 12561
504 803 856 2048 6775 7631 8110 822 8371 9443 10990

152 283 696 1164 4514 4649 7250 7370 11925 11386 12092
127 1034 1044 1642 3184 339/ 5931 /577 11898 12339 12659
107 513 979 3934 4374 4658 7286 7809 8830 10804 10893
2045 2499 7197 8887 9420 9922 10132 10540 10816 11876
2932 6241 7136 7835 8541 9403 9817 11679 12377 12810
22112288 3237 4310 5957 8597 967 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 examplc, 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 arc 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-shifled, 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 indexcs of the row in which | 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 0-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 10 which 1 is positioned in a 0-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 scquence corresponding (o a O-th column group in above Table | 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. I may be positioned in an eighth row, a
372-th row. and an 84]-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, &
7430-th row, an 8542-th row, a 9822-th row, a 10550-th row, a 1 1896-th row, and a
11988-row, respectively.

In the sub-matrix A, when the position of 1 is defined in a O-th columns ol each
column group, it may be cyclic-shifted by Q, to define a position of a row in which 1 is
positioncd in other columns of cach column group, and in the sub-matrix C. when the

position of 1 is defined in a 0-th columns of each column group. it may be cyclic-
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[74]

[75]

[76]

1771

(78]

(791

[80]

(81]

8

shifted by Q- to define a position of a row in which | is positioned in other columns of
each column group.

In the foregoing example, in the 0-th column of the O-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 O-th
column group may be 11(=8+3), 375(=372+3), and 844(=841+3) and indexes of a row
in which | is positioned in a second column of the 0-th column group may be
14(=11+3), 378(=375+43), and 847(= 844+3).

It 2 O-th column of a 0-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 1 1988-th row. In this casc, since Q-=33. the indexes of the
row in which | 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+33), 11929(=11896+33), and 12021(=11988+33) and
the indexes of the row in which | 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 a result, 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 = (3. s1. ..., sx ). In
this case. to generate an LDPC codeword A = (Ay. &,. .... Ay ;) having a length of

N=K+M +M.,. parity blocks P = (py, pi, ... P s _1) from the information block S

may be systematically encoded.

As a result. the LDPC codeword may be A=(S. 81, ... S 1. Pos Pis - ).

TP ar-ara

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.

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 | 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).
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Step 2} A first information bit 4, 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), &, 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.} (it x > M) ... (1)

In above Equation I, x represents an address of a parity bit accumulator corre-
sponding to a first information bit 2. 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, 1.=360.

Step 4) Since the parity bit address like the second row of above Table 1 is given to
an L-th information bit &, similar to the foregoing scheme, the parity bit address for
next L- 1 information bits 2, (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 4, and may be obtained based on the
second row ol above Table 1.

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

Step 6) After the foregoing process is repeated from the codeword bit g to ik 1. a

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

Step 7) The parity bits kg to 3

1 1y, corresponding to the dual diagonal sub-matrix
B are calculated based on following Equation 3.

hkrrns=Poien (0<s <L, 0<t< Q) .... (3)

Step 8) The address of the parity bit accumulator for the L new codeword bits i to

Mok of cach group is calculated bascd on the new row of above Table | and
-

above Equation .

Step 9) After the codeword bits i, to 5. ey ., Arc applied. the parity bits j_ N

O L oy corresponding to the sub-matrix D are calculated based on following

Equation 4.

Mttt xies=Painsgaes (08 <L, 0<t<Q5) ... (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.
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As such. the LDPC encoder | 10 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 cxample, 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 corrcsponding to the
parity bits (that is, LDPC parity bits).

The information sub-matrix 31 includes K,y columns and the parity sub-matrix 32
includes Nipe_pariy=Nigua-Kigpe columns. Meanwhile, the number of rows of the parity
check matrix 30 is equal to the number Nigpe parin=Nigner- Kigpe 0 columns of the parity
sub-matrix 32.

Further. in the parity check matrix 30, Ny, represents the length of the LDPC
codeword. K. represents the length of the information bits. and Ny puiy =Ninaer- Kigpe
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 Ky, columns (that is, O-th
column to (K- 1)-th column) and depends on the following rule.

First, the Ky, columns configuring the information sub-matrix 31 belong to the same
group by M numbers and are divided into a total of Ky,,/M column groups. The
columns belonging to the same column group have a rclationship that they are cyclic-
shifted by Q.. from one another. That is, the Q. may be considered as a cyclic shift
parameter valuc 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 repcated and Q, is a size at which each
column in the information sub-matrix 31 is cyclic-shifted. The M is a common divisor
of the Ni;u and the Ky, and is determined so that Quup=(Nip- K, /M is established.
Here, M and Q. are integers, respectively, and Kiq/M also becomes an integer.
Meanwhile. the M and the Q,y,. may have various values depending on the length of
the LDPC codeword and the code rate.

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

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

i-th column group is set o be r, '1(3?. R <1(>. g (01, anindex p *ofarow in
1. 1.0 ;0 i

which a k-th 1 is positioned in & j-th column in the i-th column group is determined
based on following Equation 5.
R (k) = R ik) + QI(lpc m()d (Nmncr - Kklpr) (5)

i [AVY]
In above Equation 5, k=0. 1.2, ...D-1:i=0.1. .. KwWM-1:j=1,2. ... M-L.
Meanwhile, above Equation 5 may be represented like following Equation 6.

R f:’;) = ( R 1”;)) + (J mOd M)XQmm) mod (N.nrm - Khlpc) (6)

In above Equation 6, k=0, 1,2, ...D-1;1=0.1. .. K, /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-
N

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

As aresult, referring to the above Equations, if a p, f‘? value is known, the index
R l\j’ of the row in which the k-th | is positioned in the j-th column of the i-th column
group may be known. Therefore, when the index value of the row in which the k-th |
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 structurc of FIG. 3
may be checked.

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

For example. when the N, is 30, the Ky, is 15, and the Quipe 18 3, positional in-
formation of the row in which | 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'.
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1) (3}

R TR 2 R-8.R=10

R3,=0.R5G79.R =13

-

RY orE 14

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

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 1s positioned in the 0-th columns ol cach column group may be more
briefly represented as following Tahle 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 0-th column belonging to the i-th column group.

The information sub-maltrix 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 | is positioned in
the 0-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 I's in the 0-th columns of cach 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 ol the row in which 1 is positioned in the O-th
column of the i-th column group in the information sub-matrix 31 are as [oHowing
Table 3.

[Tablc 3]
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[132] According to another exemplary embodiment. a parity check matrix in which an
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.

[133] According to still another exemplary embodiment, a parity check matrix in which an
array order of the scquences 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.

[134] According to yet another exemplary embodiment, a parity check matrix in which a
multiple of Q. 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 Qy, o a given sequence is equal (o or more than N
e~ Kigpe> the value needs to be changed into a value obtained by performing a modulo
opcration on the N~ Ky, and then applicd.

[135] Meanwhile, if the position 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 as shown in above Table 3 is
defined, it may be cyclic-shifted by Q.. and thus, the position of the row in which 1 is
positioned in other columns of cach column group may be defined.

[136] For example, as shown in above Table 3. since the sequence corresponding to the
0-th column of the 0-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 3483 5928 6204
6392 6416 6602 7019 7415 7623 8112 8485 8724 8994 9445 9667". in the 0-th
column of the 0-th column group in the information sub-matrix 31, | is positioned in a
27-th row, a 430-th row, a 519-th-row.....
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In this case. since Qugpe=(N;y e~ Kipe /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
SHU=27+427), 457(=430+27), 546(=519+27)..... 81(=54+27), 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 delined.

Hercinafter, 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 arc set to be iy, iy, ... , . and code bits

A e

output from the LDPC encoding are set tobe ¢ ¢, ..., N

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

Meanwhile, the remaining code bits are settobe ,, .- .

Hereinafter, a method for calculating parity bits p, 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, ) = q(i. j, 0)+Q X1 (mod Ny-Kyyp) for 0 <i <
360. Mcanwhile. all the accumulations may be realized by additions in a Galois ficld
(GE) (2). Further. in above Table 3. since the length of the LDPC codeword is 16200
and the code rate is 6/15. the Q. is 27.

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

Step 1) The parity bits are initialized to '0". That is, p, = 0 for 0 < k < NipperKigpe

Step 2) For all k values of 0 < k < Ky, i and 1 are sct to be and I:=k

=] k/360 |

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

Next, tor all i, iy is accumulated in py(i,j.l). That is, p,(i,0.D)=p (1,0.D+i,, py(i, 1.h=p,
(L LD+, p(i,2.D)=p(1.2,)+i,...., p,i,w(i)- LD=p,(i.w(i)-1.D+i, arc 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 s of the column corresponding to
ik in the parity check matrix. Further, in above Table 3. the (i. j, 0) which is the j-th
entry ol the i-th row is the index ol the parity bit and represents the position of the row
in which [ is positioned in the column corresponding to the iy in the parity check
matrix.

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

column of the i-th column group in the parity check matrix of the LDPC cade.
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The q(i. j. 0) may also be considered as the index of the parity bit to be generated by
the LDPC encoding according (o a method for allowing a real apparatus to implemcent
a scheme for accumulating i, in p,(i, j, D) 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 (o the
LDPC cncoding result which may be obtained from the parity check matrix of the
LDPC codc which may basically be gencrated 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 p=p,+px , lor all k satistying 0<
K<N prer Kigpe-

Accordingly. all codc bits ¢j.cy, ..., o may be obtained.

N

As a result, parity bits may be calculated by the above scheme. However, this is only
one example. and thercfore, the scheme for calculating the parity bits bascd on the
parity check matrix as illustrated in FIG. 3 may be variously defincd.

As such, the LDPC encoder 110 may perform LDPC encoding based on above Table
3 to generate an LEDPC 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 ratc 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 gencrate the LLDPC 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, and instead, may perform the group-wisc interleaving on the LDPC
parity bits to perform parity permutation.

The parity permutator 120 may output the parity permutated LDPC codeword to the
puncturcr 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 pcrmutator 120 may include a parity intcrleaver (not il-
lustrated) for interleaving the LDPC parity bits and a group-wise parity interlcaver (not
illustrated) for group-wise interleaving the LDPC parity bits or the interleaved LDPC
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parity bits.

First, the parity interlcaver may interleave the LDPC parity bits. That is, the parity in-
terlcaver may interleave only the LDPC parity bits among the LDPC information bits
and the LDPC parity bits configuring the LDPC codcword.

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

u=c, for 0<i <Ky, (information bits arc not interlcaved)

_, for 0<s<360. 0<t < 27 ... (8)

H g +3e0—s~ € K, +27s

it

In detail, based on above Equation 8. the LDPC codeword (¢, ¢, ... ¢ v

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

be represented by U = (ug, tp oon g |

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 ol column, elc.). 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
wner- 1) by the i-th columns of the parity check matrix needs to be a '0' vector. Thercfore,
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. clements included in cvery
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 continucd M bits having the same codeword characteristics. Mcanwhile,
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 a result, 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-interlcaved. That is. the parity interleaver [or
the parity interlcaving 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 tormed of continued M
bits having the same characteristics.

In this case, an output U=(ug, Uy, ..., v -1) ol the parity interlcaver may be rep-

resented based on following Equation 9.

u=¢; for O<i < Njyper o (9)

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

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

Here, as described above, the output of the parity interlecaver may be the LDPC
codeword parity-interlcaved 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 interlcaving on the LDPC codeword.

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

For this purpose, the group-wisc 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 ol bit groups.

In detail. the group-wisc interleaver may divide the LDPC-cncoded bits (ug, uy, ...,

T W_l) output from the parity interlcaver into Ny (=Niu./360) bit groups based on

following Equation 10.

Xi={uy | 360x)<k <360x(j+1). 0<k <N} for 0<j < Nyp - (10)

In above Eqguation 10. X represents a j-th bit group.

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

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

As a result, the LDPC information bits formed of K, bits may be divided into Ky, /
360 bit groups and the LDPC parity bits formed of Nj,,.-K. bits may be divided into
Ninner Kigpe/ 360 bit groups.

Further, the group-wise interleaver performs the group-wise interleaving on the
LDPC codeword output {rom 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 interlcaver may perform the group-wise interleaving on the
LDPC codeword bascd on following Equation 11. In detail. the group-wise interlcaver
may perform the group-wise interleaving on the plurality of bit groups configuring the
LDPC parity bits based on following Equation 11.

Yi=X;. 0<) <Ky /360

Yi=Xp, Kigp/360<) < Ny oo (1)

In above Equation 11, Y| represents a group-wise interlcaved j-th bit group, and X;
represents a j-th bit group prior to the group-wise interlcaving (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, Ky, 1s the number of input bits, that is, the number of LDPC information
bits, and N, is 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 group-wise interleaving patterns as
shown in following Tables 4 and 5. That is, the group-wise interleaver determines ()
based on the group-wise interlecaving pattern as shown in following Tables 4 and 5. and
as a result an order of the plurality of bit groups conliguring thc LDPC parity bits may
be changed.

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

[Table 4)

Order of group-wise interleaving

: g g P8 S ] < 45

Ngroup | m(9) [ m 10 (1) 120, (1) (140 b (15 (161 Tl 7 183 (3 93 203
i 21 22N 23) T, 24) T 20) T 26 {27 ) T, (2B Y 29 301,031 (323
1337 17, 34310, 38) 77 (36) m, {37 A8 N (39 440 gAY (A2 14 3) F{a4)!

O N T A T D A S S T T A Y
22 [ 40 {79 32 {38 41 | 30 33 | 14 | 28 | 39 | 42

i 1
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Here, above Table 4 shows a group-wisc interleaving pattern for a case in which
LDPC encoding is performed on 3240 input bits, that is, the LDPC information bits, at
a code rate of 3/15 to generate 12960 LDPC parity bits, and an LDPC codeword
generated by the LDPC encoding is modulated by quadrature phasc shift keying
(QPSK) 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 QPSK
to be transmitted to the receiver 200.

That is, when 3240 LDPC information bits arc encoded at the code rate of 3/15,
12960 LDPC parity bits arc 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 arc 3240 and thc LDPC parity bits are 12960,
a 0-th bit group to an 8-th bit group correspond (o the LDPC information bits and a
9-th bit group to a 44-th bit group correspond to the LDPC parity bits.

In this casc, the parity interlcaver does not perform parity interleaving, and the
group-wise interleaver does not perform interlecaving on bit groups configuring the
LDPC information bits, that is, the O-th bit group to the 8-th bit group but may in-
terleave bit groups configuring the LDPC parity bits, that is, the 9-th bit group to the
44-th bit group in a group unit to change an order ol the 9-th bit group to the 44-th bit
group based on above Equation 11 and Table 4.

In detail. as shown in above Table 4. above Equation 11 may be represented by Y (=X
m Y1=X 0 Y= X0 YimXe Yoormr X oo =Xon Y = X=X vn Y= X=X, Yu=X
n’pH-lv:X—Q'

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

In this case, the group-wisc interlcaver may change an order of 36 bit groups such
that specific bit groups among 36 bit groups configuring the LDPC parity bits arc 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 29-th to 44-th positions and may
randomly position the remaining bit groups at 9-th to 28-th positions.

In detail, the group-wise interleaver positions a 20-th bit group at a 29-th position, a

24-th bit group at a 30-th position, a 44-th bit group at a 31-th position. ..., a 28-th bit

group at a 42-th position. a 39-th bit group at a 43-th position, and a 42-th bit group at
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a 44-th position.

Further, the group-wise interleaver randomly positions the remaining bit groups, that
is. the bit groups, which are positioned at 9-th. 10-th, 11-th. ..., 36-th, 37-th, and 43-th
positions before the group-wisc interleaving. at the remaining positions. That is. the
remaining bit groups arc randomly positioned at positions remaining after the bit
groups each positioned at 20-th, 24-th, 44-th, ..., 28-th. 39-th and 42-th positions
before the group-wisc interleaving are positioned by the group-wise interleaving. Here,
the remaining positions may be 9-th to 28-th positions.

As another example, the group-wisc interleaving pattern may be as shown in
following Table 5.

[Table 5]

Qrder of group wise interleaving

a(j) (9 < | < 45)

Noroun | m09) m A0 ) (120 I 03 [ 143 [ 150 el 16) s 173 1 18) 1 m(18) 7,(20)
: 21 {221 n.(23) 1 (241 7,(25) . (20) | 17271 1283 mal28) 11, {30) (3 1)1 77,{32)

(33 mi 34 m 35} m(36) i m 3T ) (387 | .39 m (A0 (4 1) 17.{42) {43} m{44h)

45 - N - : : - R 720 a0 28 4z
12 048 122 | 38 1 41 | a4 32 130 | 33 4 22 39

Above Table 5 represents a group-wise interleaving pattern for a case in which the
LDPC encoder 110 performs LDPC encoding on 3240 input bits, that is, the LDPC in-
formation bits, at a code rate ol 3/15 to generate 12960 LDPC parity bits and an LDPC
codeword generated by the LDPC encoding is modulated by QPSK and then is
transmitted to the receiver 200.

In this case. since some of the LDPC parity bits in the LDPC codeword arc to be
puncturcd 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 QPSK
to be transmitted to the receiver 200.

That 1s, when 3240 LDPC information bits arc encoded at the code rate of 3/15,
12960 LDPC parity bits arc gencrated, 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 inlormation bits are 3240 and the LDPC parity bits are 12960,
a 0-th bit group to an 8-th hit 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 parity interleaver does not perform parity interlcaving, and the
group-wise interleaver docs not perform interleaving on bit groups configuring the
LDPC information bits, that is, the O-th bit group to the 8-th bit group but may in-
terleave bit groups configuring the LDPC parity bits, that is,the 9-th bit group to the
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44-th bit group in a group unit to change an order of the 9-th bit group to the 44-th bit
group based on above Equation 11 and Table 5.

In detail, as shown in above Table 5, above Equation 11 may be represcnted by Y =X
0 Y =X e Yo=Xo Y X Yormr X o =Xoo Y= Xapoo=Xooe o Yor X=X, Yu=Xap
¢44)=Xw-

Therefore. the group-wisc interleaver does not change an order of the O-th bit group
to the 8-th bit group including the LDPC information bit but may change an order of
the 9-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 36 bit groups such
that specific bit groups among 36 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-wisc
interleaver may position the specific bit groups at 29-th to 44-th positions and may
randomly position the remaining bit groups at 9-th to 28-th positions.

In detail, the group-wise interleaver positions a 20-th bit group at a 29-th position. a
40-th bit group at a 30-th position, a 24-th bit group at a 31-th position.....a 14-th bit
group at a 42-th position, a 28-th bit group at a 43-th position, and a 39-th bit group at
a 44-th position.

Further. the group-wisc interleaver randomly positions the remaining bit groups, that
is. the bit groups, which are positioned at 9-th, 10-th, 11-th....,36-th, 37-th, and 43-th
positions beforc the group-wise interleaving. at the remaining positions. That is. the
remaining bit groups are randomly positioned at positions remaining after the bit
groups cach positioned at 20-th, 20-th, 24-th, ..., 14-th. 28-th and 39-th positions
before the group-wise interleaving are positioned by the group-wise interleaving. Here,
the remaining positions may be 9-th to 28-th positions.

As such, the parity permutator 120 may perform the group-wise interleaving on the
plurality bit groups configuring the 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 LDPC parity bits bused on above Equation 11
and Table 4 or 5 o perform the parity permutation. In this case, the parity interleaving
is not performed.

In detail. when the LDPC encoder [ 10 performs the LDPC encoding on 3240 LDPC
information bits at the code rate of 3/15 to generate 12960 LDPC parity bits, the parity
permutator 120 divides the LDPC parity bits into the plurality of bit groups and may
perform the group-wise interleaving based on the above Equation 11 and Table 4 or 5
to change the order of the plurality of bit groups.

Meanwhile, the parity permutated LDPC codeword bits may be puctured as
described below and modulated by QPSK, which may then be transmitted to the
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recciver 200.

Referring to above Tables 4 and 5. it may be appreciated that the specific bit groups
among the bit groups positioned at 9-th to 44-th positions before the group-wise in-
terleaving are positioned at 29-th to 44-th positions after the group-wise interleaving
and the remaining bit groups are randomly positioned at 9-th to 28-th positions.

In this case, a pattern delining the bit group positioned at 29-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 pattcrn 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 may perform the group-wise interleaving
on the plurality of bit groups configuring the parity bits based on the group-wisc in-
terleaving pattern including the first pattern and the second pattern to perform the
parily permutation.

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

The puncturer 130 punctures some of the parity permutated LDPC parity bits.
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 thercon.

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 Ni,.._..p Which is calculated based on lollowing Equation 12,

e (12)
N punc_temp =LA X (Kygpe= Nouter) J"‘B

In above Equation 12, Ny emp represents a temporary number of LDPC parity bits to
be punctured, and K. represents the number of LDPC information bits. Noyer

represents the number of outer-encoded bits. Here, when the outer encoding is
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performed by BCH encoding, N, represents the number of BCH encoded bits.

[238] A represents a presct constant. According to an cxemplary 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 requircments of a system. B is a
value which represents a length of bits to be punctured even when the shortening
length is 0 and represents a minimum length that the punctured LDPC parity bits can
have. Here, A=2 and B=6036.

[239] 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.

[240] Further, the puncturer 130 calculates Ny bascd on following Equation 3.
[241] N e (13)
FEC temp
Nreo = [——“—1 X Mmoo
FEC rlmoD
[242] In the above Equation 13. represents a minimum integer which is equal to or
X

grcater than x.

[243] Further. Ny eunp=NowertNigpe_paricv Npunc_emp a0d Nuop 1S @ modulation order. For
example, when an LDPC codeword is modulated by QPSK, 16-quadrature amplitude
modulation (QAM), 64-QAM or 256-QAM. nMOD may be 2, 4, 6 or 8, respectively.

[244] Further, Ngge is the number ol bits configuring a punctured and shortened LDPC
codeword (that is, LDPC codeword bits to remain after puncturing and shortening).

[245] Next, the puncturer 130 calculates Npunc based on following Equation 14.

[246] Npunc:Npunc_xemp'(NIfEC'Nr+:<”_mnp) e (1)

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

[248] Referring (o the above process, the puncturer 130 calculates the temporary number N
pune_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 (= Kigpe-Nowe) by the preset constant A valuc. 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.

[249] Further, the puncturer 130 calculates a temporary number Nege_enp 0f LDPC
codeword bits (o constitute the LDPC codeword after puncturing and shortening based

O n Npunc_lemp-
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In detail. the LDPC information bits are LDPC-encoded and the L.LDPC parity bits
generated by the LDPC encoding are added to the LDPC information bits to configure
the LDPC codcword. Here, the LDPC information bits include the BCH encoded bits
in which the information bits arc 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,
shortecned 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,.

Thercfore. the puncturer 130 subtracts the temporary number of punctured LDPC
parity bits from the summed valuc of thc number of BCH encoded bits and the number
of LDPC parity bits to calculate Ny e

The punctured and shortened LDPC codeword bits are modulated by QPSK to be
mapped to constellation symbols and the constellation symbols may be transmitted to
the receiver 200 through a [rame.

Therefore, the puncturer 130 determines the number Ny of LDPC codeword bits to
constitute the LDPC codeword after puncturing and shortening based on Nege s Niee
being an integer multiple of the modulation order. and detcrmines the number N, of
bits which need to be punctured in the shortencd LDPC codeword bits to form Nyc.
Mcanwhile. when zero bits are not padded, the LDPC codeword may be formed of
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
ol the parity permutated LDPC parity bits. That is, the puncturer 130 may puncturc N
pune Dits from a last LDPC parity bit among the parity permutatcd LDPC parity bits.

As such, since the puncturer 130 performs puncturing from the last LDPC parity bit,
a bit group ot 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 {rame
to the recciver 200.

The additional parity generator 140 selects at least some of the punctured LDPC
parity bits to gencrate 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
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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.

[n 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
1o the receiver 200.

In this case. the information bits corresponding to cach 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 bc mapped (o the (i-1)-th frame to be transmitted to the receiver
200. and a punctured and shortencd LDPC codeword including information bits corre-
sponding 1o an i-th [rame 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
gencrated 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 gencrated by performing the LDPC encoding
on the information bits arc punctured and then are not transmitted to the recciver 200.
In this casc, the additional parity generator 140 may select at lcast some of the
puncturcd LDPC parity bits among the LDPC parity bits gencrated 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 sclect at least some of the LDPC
parity bits transmitted to the receiver 200 through the i-th frame to generatc the ad-
ditional parity bits.

In detail, the additional parity generator 140 may select at Icast 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 {rame.

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.

Hercinafter, a method for generating additional parity bits will be described in detail.
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[270] First, the additional parity generator 140 calculates a temporary number Nyp ., 0
additional parity bits to be generated based on {ollowing Equation 15.
[271] - (15)

. (0.5 XK X (Nouter + Ndpcipan't‘y - Npunc)
NAP_temp = min { (N ldpc_parity + Npunc) }’ K=0’1 ’2

[272] In above Equation 15, . aifa=<b
min{a,b) = .
b,ifb < a

[273] In above Equation 15. K represents a ratio of the number of additional parity bits (o 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.

[274] Further. Nign_pry 1S the number of LDPC parity bits, and N, is the number of
puncturcd LDPC parity bits. Further, N, represents the number of outer-encoded
bits. In this case, when the outer encoding 1s performed by BCH encoding, N
represents the number of BCH encoded bits.

1275] Further, NoweHNigpe_pariy-Npuoe 15 the total number of bits transmitted in the current
frame (that is. the total number of LDPC codeword bits after puncturing and
shortening), and Ny puri, #Npuoe 18 @ summed value of the number of LDPC parity bits
and the number of punctured LDPC parity bits.

[276] As such, the number of additional parity bits to be gencrated may be determined
based on the total number of bits iransmitted in the current frame.

[277] Further, the additional parity gencrator 140 may calculate the number N, of ad-

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

[278] ... (16)
NAP tem
_lemp
Nep = X Nimop
"mop
[279] Here, Is a maximum integer which is not greater than x. Further, in above

1]

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

[280] 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
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modulation order like above Equation 16.

Hercinafter, the method for generating additional parity bits will be described in
more detail with reference to FI1Gs. 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=(vy. vi. ... 4 ).

The additional parity generator 140 may sclect bits as many as the number of
calculated additional parity bits in the LDPC parity bits to generatc 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 Ny is equal to or less than Ny, that is. Nyp < Ny, the additional
parity gencrator 140 may selcct N, 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 ( , .

v N ™ “V;-u:;"‘lq v N e ™ N et Y 71 ) mdy be selected.

When the number of calculated additional parity bits is greater than the number of
punctured LDPC parity bits, the additional parity generator 140 sclects 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 Np is greater the N, that is, Np > N, the additional parity
generator 140 may select all of the punctured LDPC parity bits as illustrated in FIG. 6.

Therclore. for the additional parity bits, all of the punctured LDPC parity bits (

T R VR VN ;) may be selected.

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

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

Therefore, for the additional parity bits, the LDPC parity bits ( - oV g e
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_) may be additionally selected.

v Ko Naem NV,

As aresult. for the additional parity bits. (v . w0 e

£ X mar FLh

v N nn,-"“,\;,"‘lﬂl“' "\"‘4.“']. v &h;»- v A 1 l‘ v K‘l," “N‘af‘"\":‘:.

) may be sclected.

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

The foregoing example describes that some of the LDPC parity bits arc 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 1o 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 (irst bit among the
punctured LDPC parity bits to gencrate the additional parity bits.

When the nuimber of calculated additional parity bits is greater than the number of
the punctured LDPC parity bits, the additional parity generator 140 may sclect all of
the punctured L.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, [rom the LDPC codeword, (o generate the additional
parity bits. In this case, the additional parity gencrator 140 may select bits [rom the
LDPC parity bits after puncturing and/or shortening, and/or the parity bits (or parity-
check bits) gencrated 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 arc punctured (that is,
the punctured LDPC codeword), that is. the punctured and shortened LDPC codeword
bits by QPSK. 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 QPSK,
map the modulated bits to constellation symbols, map the symbols to a {rame 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
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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 corrc-
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 gencrated
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 dctail. the transmitter 100 may process the data in a specific scheme to gencrate
the constellation symbols and map the gencrated 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 (o the i-th frame
to the i-th frame.

As a result, the receiver 200 may usc the signaling acquired from the frame to receive
and process the data from a corresponding [rame.

As described above, the group-wise interleaving pattern may include the first patiern
and the second pattern.

In detail. since the B valuc 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 6036 and a bit group is

formed of 360 bits, even when the shortening length is 0. at least | goa6 bit

groups are always punctured.

In this case, since puncluring is performed [rom 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 16 bit groups among 36 bit groups configuring the
group-wise interteaved LDPC parity bits may be always punctured.

As a result, some of the group-wisc interleaving pattems represent bit groups to be
always punctured, and therefore, the group-wisc 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 interlcaving pattern may be
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referred (o as a (irst pattern and a pattern representing the bit groups to be always
punctured may be referred to as a sccond pattern.

In the foregoing example. 16 bit groups from the last bit group among the group-wise
interleaved bit groups are to be always punctured.

As a result, in the group-wise interlcaving pattern defined as above Table 4, a pattern
which randomly position the bit groups. which are positioned at 9-th, 10-th, 11-th, ...,
36-th, 37-th and 43-th positions before the group-wisc interleaving, in a 9-th bit group
to a 28-th bit group after the group-wisc interleaving may bc the first pattern, and a
pattern representing indexes of the bit groups before the group-wise interlcaving,
which are positioned in the 29-th bit group to the 44-bit group. after the group-wise in-
terleaving. that is, Y »=X p00=X2. Y:0=Xopo=Xon Ya=Xapon=Xu 0 Y =X 0=Xox
Y =X = X0, Y u=Xp0=X4> may be the sccond pattern.

Further, in the group-wisc interleaving patiern defined as above Table 5, a pattern
which randomly position the bit groups, which are positioned at 9-th, 10-th, 11-th....,
36-th, 37-th and 43-th positions before the group-wise interlecaving, in a 9-th bit group
1o a 28-th bit group alier the group-wise interleaving may be the (irst pattern, and a
pattern representing indexes of the bit groups before the group-wise interlcaving,
which arc positioned in the 29-th bit group to the 44-bit group after the group-wisc in-
terleaving. that is, Ya=Xp00=X20. Y :6=Xrp0=Xa0e coer YoimXopon=Xon YoumXopan=Xw
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.

For example. when the number of LDPC parity bits to be punctured is 7200, 20 bit
groups need to be punctured, and thus, 4 bit groups need to be additionally punctured,
in addition to 16 bit groups to be always punctured.

In this case, the 4 bit groups additionally to be punctured correspond to the bit groups
positioned at 25-th to 28-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.

That is, when the LDPC parity bits arc punctured more than a minimum value of the

LDPC parity bits to be punctured, which bit groups are additionally to be punctured is
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determined depending on which bit groups are positioned after the bit groups to be
always punctured. As a result. based on the puncturing dircction. the first pattern
defining the bit groups positioncd 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 16 bit groups to be always punctured, 4 bit groups. that is, the
bit groups positioned at 28-th, 27-th, ..., 26-th and 25-th positions after the group-wisce
interleaving are additionally punctured. Here, the bit groups positioned at 25-th to
28-th positions after the group-wise interleaving arc determined depending on the first
pattern.

As a result, the first pattern may be considered as being used to determine the
puncturced 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 [rame.

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

In the foregoing example in reference to above Table 4. the bit groups positioned at
20-th, 24-th, 44-th, ..., 28-th. 39-th and 42-th positions before the group-wise in-
terleaving need to be positioned in the positions of a 29-th bit group (o a 44-th bit
group after the group-wise interleaving. Therefore, it is not important at which
positions of these bit groups the bit groups are positioned between the positions of the
29-th bit group to the 44-th bit group.

Similarly, in the case ol the above Table 5, the bit groups positioned at 20-th, 40-th,
24-th,...,14-th, 28-th, and 39-th positions before going through the group-wise in-
terlcaving are enough to be positioned in a 29-th bit group to a 44-th bit group after
going through the group-wise interleaving. Therefore, it is not important at which
positions of the corresponding bit groups the bit groups are positioned.

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

uscd for the puncturing.
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However. for determining additional parity bits. positions of the bit groups to be
always puncturcd within these bit groups arc meaninglul.

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 a result, 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 puncturcd 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 arc selected from punctured LDPC parity bits over
the number of bit groups defined by the first pattern, since bits are sequentially
selected [rom a start portion of the second pattern, and therelore, an order of the bit
groups belonging to the second pattern is meaningful in terms of the selection of the
additional parity.

As a result, 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 sclecting 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 forcgoing example, the LDPC encoder 110 encodes LDPC information bits at
a code rate of 3/15 to generate an LDPC codeword having a length of 16200 including
12960 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
(o be punctured from the number of all LDPC parity bits and adding the number of ad-
ditional parity bits to be generated thercto exceeds 7200. Here, 7200 is the number of
LDPC parity bits except the bit groups to be always punctured among a plurality of bit
groups configuring the LDPC parity bits. That is, 7200=(36-16)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 (o or less than 7200, that is. 12960-N,,.+Nay
<7200, 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
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parity bits to be generated thercto exceeds 7200, that is, 12960-N,,,..+N,sp > 7200, ad-
ditional parity bits may be generated based on the first pattern and the second pattern.

In detail, when 12960-N,,,.+N, > 7200. (or additional parity bits, LDPC parity bits
included in a bit group positioned at a 28-th position from the first LDPC parity bit
among the punctured LDPC parity bits may be selected and the bits included in a bit
group positioned at a specific position from a 29-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 sclected 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 28-th position from the tirth 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 {rom the 29-th position is de-
termined depending on the second pattern.

As a result, the additional parity bits to be generated are determined depending on the
first pattcrn and the sccond 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 or 5, and thus, bit groups positioned at
specitic positions belore 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 s defined like Table 4 or 5 will be described below.

A parity check matrix (for example, FIG. 3) of an LDPC code having a code rate of
3/15 may be converted into a parity check matrix having a quasi cyclic structure
formed of blocks having a size of 360x360 (that is, a size of MxM) as illustrated in
FIG. 7 by performing a column permutation process and an appropriatc 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 the LDPC code having the code rate of 3/15 is formed of parity
bits of which the degree is | and 2.

In this case. it may be understood that puncturing the parity bits of which the degrec
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is 2 merges two rows connected to clement 1 which is present in columns corre-
sponding 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 information from the channel.
Mecanwhile, upon the merging. for each column in a row newly made by merging two
rows. when | is present in cxisting two rows, the element is replaced by 0, and when |
is present only in one of the (wo rows, the element is replaced by |. Mcanwhile. it may
be understood that puncturing parity bits having a degree of | deletes one row
connected to clement | present in a column corresponding to a corresponding bit.

[348] 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 numbcer 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.

[349] When the LDPC code having a code rate of 3/15 and the QPSK modulation scheme
are used, the B value may be 6036. In this case. at least 16 bit groups to be always
punctured are present independent of the shortening length (for cxample, 12, 14, 19,
20, 22,24, 28. 30. 32, 33, 38. 39, 40. 41, 42 and 44-th bit groups).

[350] In this case, since 16 bit groups arc 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 casc of using the additional parity. which of the 16 bit groups is relatively carlier
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 16 bit groups is relatively earlier transmitted may be determined. Thercfore, the
second pattern needs to be designed well in consideration of transmission ctliciency
maximization of the control information (that is. information bits).

[351] 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.

[352] A process of encoding, by the LDPC encoder 10. 3240 input bits, that is, LDPC in-
formation bits at the code rate of 3/15 to generate 12960 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 gencrated by LDPC encoding is modulated by
QPSK and then is transmitted to the receiver 200 is as follows.

[353] According to an cxemplary embodiment, the second pattern in the group-wise in-

CA 3058419 2019-10-10



W
A

terleaving pattern for determining the order of the additional parity transmission is de-
termined under an assumption that a K valuc used to calculate the Iength 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 gencrated by performing BCH encoding on the information
bits) is equal 1o or less than 1800 bit (=5 bit groups), since the length of all parities of
an LDPC codeword transmitted including the additional parities does not exceed 7200
(=20 bit groups), the parity bits of the LDPC codeword transmitted using the first
pattern in the group-wise interleaving pattern may be determined.

[354] However, when the length of the information input as the input of the LDPC code is
2160 (= 6 bit groups). the length of all paritics of the LDPC codeword transmitted
including the additional parities is calculated as 8226 bits, which corresponds to about
22.9 bit groups. Therefore, 3 column groups arc removed depending on the shortening
order predelined in all the parity check matrices of the LDPC code having the code
rate of 3/ 15 and three non-punctured bit groups are selected so that the row degree ol
the matrix output at the time of merging and deleting row blocks connected to the
remaining bit groups other than three of the 16 bit groups (for example, 12, 14, 19. 20,
22.24, 28, 30. 32, 33, 38. 39, 40, 41, 42 and 44-th bit groups) always punctured in-
dependent of the shortening length is uniform as maximum as possible. If the number
of cases sclecting three parity bit groups 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 column
deletion are performed in these cases need to be additionally considercd.

[355] For example, sincc a short cycle connccted to a portion corresponding to the sub-
matrix A of FIG. 2 adversely affects the performance of the LDPC code, a case in
which the number of cycles in which the length connected to the portion corresponding
to the sub-matrix A of FIG. 2 is equal to or less than 6 is smallest may be selected. If
the number of cascs in which the number of cycles is smallest is plural, a case in which
the real frame crror rate (FER) performance is most excellent among the cases is
selected. Here, the bit groups selected depending the FER value which is a basis of
selection may be changed. For example. when the FER value which is a basis of
selection is set to be 10+, a 20-th bit group, a 24-th bit group. and a 44-th bit group
may be selected and when the FER value is set to be 10, a 20-th bit group. a 40-th bit
group. and a 24-th bit group may be selected.

[356] In some cases, when too many number of selections are gencrated depending on the
cycle characteristics, a theoretical prediction value for a minimum signal-to-noise

(SNR) at which ensembles of an LDPC code having a distribution of the same 1 after
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the column deletion, the row merging, and the row deletion for cach case may perform
error frec communication is derived by a density evolution analysis, and the FER per-
formance is verified by a computation experiment by appropitately adjusting the
number of selection based on the minimum SNR values theoretically predicted.

[357] In the next step, one of 3 column groups removed in the {irst 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 ol the LDPC codc transmitted including the ad-
ditional parity is calculated as 9486 bits, which corresponds to about 26.4 bit groups.
Therefore, four of 13 bit groups of which the order is not yet determined need to be
sclected as the bit groups which are not punctured. In this case, likewise the first step,
four bit groups are selected in consideration of uniformity ol the row degree of the
parity check matrix after the deletion of the column group and the merging of the row
group, cycle characteristics, and real FER performance. For example, a [2-th bit group,
a 22-th bit group. a 40-th bit group, and a 19-th bit group may be selected. Alter-
natively, a 42-th bit group, a 12-th bit group. a 19-th bit group and a 22-th bit group
may be selected.

[358] 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 arc recovered or all
column groups corresponding to the parity portion arc sclected is determined. For
example. the permutation order corresponding to the second pattern defined by the
foregoing method may be ,(29)=20, 7,(30)=24, n,(31)=44. 7,(32)=12. ,(33)=22, 7,
{34)=40. 7,(35)=19, 7,(36)=32. 1(37)=38. m,(38)=41. 7,(39)=30. n(40)=33, x,
(41)=14, m,(42)=28. 7,(43)=39, m(44)=42 or 7,(29)=20. 7,(30)=40. n(31)=24, =,
(32)=42. m,(33)=12, m,(34)=19. 7 (35)=22. 7 (36)=38. m,(37)=41, m(38)=44, 7,
(39)=32, 7, (40)=30, = (41)=33. m(42)=14. 7 (43)=28, 71,(44)=39.

[359] As aresult, when the group-wise interleaving is performed using the group-wise in-
terlcaving pattcrn as shown in above Tables 4 and 5. the additional parity may be
transmitted to the receiver 200 in a specific order and thus the information
transmission efliciency may be maximized.

[360] The bit groups positioned at 9-th, 10-th. [1-th, ..., 36-th, 37-th and 43-th positions
before the group-wise interlcaving in above Table 4 arc randomly group-wisc in-
terleaved at a 9-th position to a 28-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.

[361] According to an exemplary embodiment. the foregoing information bits may be im-
plemented by L1-detail signaling. Therefore. the transmitter 100 may generate ad-
ditional parity bits for the L1-detail signaling by using the foregoing method and

transmit the generated bits to the receiver 200.
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Here, the L1-detail signaling may be signaling defined in an Advanced Television
Systcm Committce (ATSC) 3.0 standard.

In detail. a mode of processing the Li-detail signaling is divided into seven (7). The
transmitter 100 according to the exemplary embodiment may generate additional parity
bits according to the foregoing method when an L1-detail mode 5 of the seven modes
processcs the L1-detail signaling.

The ATSC 3.0 standard defines L 1-basic signaling besides the L1-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 L1 -basic signaling and the
L.1-detail signaling to the receiver 200. In this case, a mode of processing the L1-basic
signaling may also be divided into scven.

A mcthod for processing the Li-basic signaling and the L1-detail signaling will be
described below.,

The transmitter 100 may map the L[-basic signaling and the L1-detail signaling (o a
preamble of a frame and map data to data symbols of the frame for transmission to the
recetver 200.

Referring to FIG. 8. the frame may be configured of three parts, that is, a bootstrap
part, a prcamblc 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 L1-basic signaling and the L.1-detail signaling.

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

In detail. the L 1-basic signaling includes information required for the recciver 200 to
process the L1-detail signaling. This information includes. for cxample, information
about a mode of processing the L1-detail signaling at the transmitter 100, that is, in-
formation about a modc 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 thc LIB_L1_Detail additional _parity_modec is set as ‘00", K =0 and the ad-

ditional parity bits are not used), and information about a length of total cells. Further,

CA 3058419 2019-10-10



[372]

[373]

[374]

[375]

[376]

[377]

[378]

[379]

{380]

[381]

38

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 infonmation required for the receiver 200 to
decode the PLPs, for example, start positions of cells mapped to data symbols for each
PLP, PLP identificr (ID), a sizc of the PLP. a modulation scheme, a code rate, etc..

Therefore. the receiver 200 may acquire frame synchronization. acquire the L1-basic
signaling and the L 1-detail signaling from the preamble. and receive service data
required by a user [rom 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 (o the accompanying drawings.

FIGs. 9 and 10 arc block diagrams for describing a dctailed 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 F1G. 10, to process the L1-dctail 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
cncoding and modulation on the L 1-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
hanged. 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
gencrator 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. Thercfore. as outer encoding performed before inner encoding in the con-
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catenated coding, another encoding such as CRC encoding in addition to the BCH
encoding may be uscd. Further, the L [-basic signaling and the L1-detail signaling may
be protected only by the LDPC inner code without the outer code.

[382] First, the L1-basic signaling and the L!-detail signaling may be scrambled. Further,
the L1-basic signaling and the L1-detail signaling are BCH encoded, and thus, BCH
parity check bits of the L1-basic signaling and the L 1-detail signaling generated from
the BCH encoding may be added to the L1-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.

[383] 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 L 1-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 o be shortened). and the
number of bits to be basically punctured (that is, the number of bits to be basically
punctured when thc number of bits to be shortened is 0). In each mode. at least onc
diffcerent combination of the LDPC code, the modulation order, the constellation, and
the shortening/puncturing pattern may be used.

[384] A mode for the transmitter 100 to processes the signaling may be set in advance
depending on a system. Therelorc. the transmitter 100 may determine parameters (for
example, modulation and code rate (ModCod) for cach mode, parameter for the BCH
encoding, parameter for the zero padding, shortening pattern, code rate/code length of
the LDPC code. group-wise interlcaving pattern, parameter for repetition, parameter
for puncturing, and modulation scheme, ctc.) 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.

1385] Modulation and code rate configurations (ModCod configurations) for the seven
modes for processing the I.1-basic signaling and the seven modes for processing the
L. 1-detail signaling are shown in following Table 6. The transmitter 100 may encode
and modulate the signaling based on the ModCod configurations defined in following
Table 6 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 6, and may encode and modulate the signaling according to the determined
scheme. In this casc. even when modulating the L1 signaling by the same modulation
scheme. the transmitter 100 may also usc different constellations.

[386] [Table 6]
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Signaling FEC Type Ksig Code Code Rate Constellation
7 __Length ,
_Mode 1 : QPSK
Moce 2 ' QPSK
Mode 3 ; QPSK .
L1-Basic  Mode 4 200 215 NUC_16-QAM
Moce § (Type A) NUC_64-QAM
Modge 6 ’ NUC 256-QAM
Mode 7 NUC 256-QAM
Mode 1 a00-232 o0 L T QPSK
Mode 2 400 ~ 3072 . QPSK
_Mode 3 QPSK
L1-Detail  Mode 4 6115 ~NUC_16-QAM
Mode 5 400 ~8312 (Type B) NUC_64-QAM
Mode 6 NUC_256-QAM
Mode 7 NUC_258-QAM

In above Tablc 6, 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 onc coded block becomes K. Therefore,
the L1 signaling bits having the size of K,
LDPC coded block.

Referring to above Table 6, the K,;, value for the L1-basic signaling is fixed to 200.

may be considered as corresponding to one

g

However. since the amount of L 1-detail signaling bits varies. the K, value for the
L1-detail signaling varics.

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

In this case, cach size of the segmented L 1-detail signaling blocks (that is, scgment
of the L1-dctail signaling) may have the K, value defined in above Tablc 6. Further.
cach of the segmented L 1-detail signaling blocks having the size of K, may
correspond to one LDPC coded block.

However, when the number of L.1-detail signaling bits is equal to or lcss than the
presel 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 6. Further, the
L I-detail signaling having the size of K, may correspond to one LDPC coded block.

Hereinafter, a method for segmenting L I-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 varics, when the length of the L1-detail signaling is greater than the
preset value, the segmenter 311 may segment the L1-detail signaling (o have the
number of bits which are equal to or less than the preset value and output cach of the
scgmented L [-detail signalings to the scrambler 312,

However, when the length of the L 1-detail signaling is equal to or less than the preset

value, the scgmenter 311 docs 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 L1-detail signaling. at least onc forward
crror correction (FEC) frame is required. Here, an FEC frame may represent a form in
which the LL1-detail signaling is encoded, and thus, parity bits according to the
encoding are added to the L [-detail signaling.

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

Therefore, the segmenter 311 may calculate the number Ny i, e 0f FEC frames
for the L1-detail signaling based on [ollowing Equation 17. That is, the number Ny,
mcrrae OF FEC frames for the L 1-detail signaling may be determined based on
following Equation 17.

A7)
KL1D_exApad 1

NutjECFRAME = [ 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 i .. .« represents the length of the L1-detail
signaling other than L1 padding bits as illustrated in FIG. 11. and may be determined
by a valuc of an L1B_L1_Delail_size_bits field included in the L1-basic signaling.

Further, K... represents a threshold number for segmentation defined based on the
number K,y 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 codc and a multiple value of 360.

K... is determined such that, alter the L1-detail signaling is segmented, the number K
«¢ Of information bits in the coded block is set to be equal to or less than Kigpe-Moueer- In
detail. when the L1-detail signaling is scgmented based on K., since the length of
segmented L 1-detail signaling does not exceed K., the length of the scgmented
L I-detail signaling is set to be equal to or less than Kigpe-Mawe When K, 1s set like in

Table 7 as following.
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Here, M,,,... and K4, are as following Tables 8 and 9. For sufticient robustness. the K
«¢ Value for the L1-detail signaling mode 1 may be set 10 be Kyype-Moyei-720.

K... for each mode of the L1-detail signaling may be defined as following Table 7. In
this case. the segmenter 311 may determine K., according to a corresponding mode as
shown in following Table 7.

[Table 7]

L1-Detail K. .
Mode 1 2352
Mode 2 3072

. Mode 3
Mode 4
Mode5 | 6212

 Mode 6
Mode 7

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

In this case, the segmenter 311 may calculate a length of an L1_PADDING field for
the L1-detail signaling, that is, the number 1, pap 0f the L1 padding bits based on
tollowing Equation 18.

However, calculating K, i, p1 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 5 psn of the L1 padding bits based on K,
_eopad A0 Npjp prerranr values. As one example, the Ky i 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.p value, and thus, another method based on the K,

epad AN N prerranns values may be applied (o obtain an cquivalent result,

K L1D_ex_pad

Ko pan = ( l X 8 X Nyip_recrrave - K L1D_ex pad

(Ni1p_recrrame X 8)

(18)

Further, the segmenter 311 may {ill the LI_PADDING field with K, i pap #cro bits
(that is, bits having a O value). Therefore, as illustrated in FIG. 11, the Kiip_pap Zero
bits may be filled in the L.I_PADDING field.

As such, by calculating the length of the L1_PADDING field and padding zero bits
of the calculated length to the L1_PADDING ficld. the L1-detail signaling may be
segmented into the plurality of blocks formed of the same number of bits when the
L 1-detail signaling is segmented.

Next, the segmenter 311 may calculate a final length K, of the entire L1-detail

signaling including the zero padding bits based on following Equation 19.
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K, |n=KI,1n_e\_pud‘FKL10_9\0 e (19)

Further. the segmenter 311 may calculate the number K, of information bits in cach
of the Ny i reerrai: blocks based on following Equation 20.

Kq;:Ki,lD/Nl,lluh("rk,mt e (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 N, yucprame 18 greater than 1, the
segmenter 311 may segment the L 1-detail signaling by the number of K, bits to
segment the L1-detail signaling into the N, 1p_yecprane blocks.

Therefore, the L1-detail signaling may be segmented into Ny 5 preprame blocks, and
the number of L1-detail signaling bits in cach of the Ny i, ¢regav blocks may be K.
Further, each segmented L 1-detail signaling is encoded. As an encoded result, a coded
block, that is, an FEC frame is formed, such that the number of L 1-dctail signaling bits
in each of the Ny ip_preveav: coded blocks may be K.....

However, when the L 1-detail signaling is not segmented, K, .=Kip o -

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

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

In detail. cach of the L1-detail signaling blocks is BCH-encoded, and thus M.,
(=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
L 1-busic signaling and the L 1-dctail signaling, and output the randomized L1-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 recciver 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 recciver 200 through
cach frame varics, in some cases, the L1-detail signaling may be segmented by the

segmenter 311. Further, the segmenter 311 may output the L1-detail signaling formed
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ol K, bits or the segmented L 1-detail signaling blocks to the scrambler 312, As a
result, the scrambler 312 may scramble the L. 1-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 L 1-basic
signaling and the L 1-detail signaling to generate the BCH parity check bits.

In detail, the BCH encoders 212 and 313 may perform the BCH encoding on the
L 1-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-cencoded bits
in which the BCH parity check bits are added to each of the L1-basic signaling and the
L.1-detail signaling to the zero padders 213 and 314, respectively.

For example. the BCH cncoders 212 and 313 may perform the BCH encoding on the
input K, bits to generate the M. (that i3, K,=K,.10.4) BCH parity check bits and
output the BCH-encoded bits formed of N, (= K, +M,,..) bits to the zero padders
213 and 314, respectively.

The parameters for the BCH encoding may be defined as following Table 8.

[Table &]

Ksig

= Kpayload Mouter  Nouter= Ksig* Mouter
yload

Signaling FEC Type
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 Made 4

Mode 5 400~ 6312 568 ~ 6480
Mcde 6

Mode 7

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

Therclore. the L1-busic signaling and the L1-detail signaling may be protected by the
concatenation of the BCH outer code and the LDPC inncr code.

[n detail. the L1-basic signaling and the L{-detail signaling arc 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-dctail signaling arc added to the
L1-detail signaling. Further. the concatenated L 1-basic signaling and BCH parity
check bits are additionally protected by an LLDPC code and the concatenated L1 -detail
signaling, and BCH parity check bits may be additionally protected by an LDPC code.

Here, it 1s assumed that an LDPC code for LDPC cncoding is a 16K LDPC code, and
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'n

thus. in the BCH encoders 212 and 213, a systematic BCH code for N;,,,=16200 (that
is, the code length of the 16K LDPC 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 zcro bits for the
LDPC encoding to generate the predetermined number of LDPC information bits
formed of the BCH-encoded bits and zcro 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, zcro bits arc not padded.

Here, zero bits padded by the zero padders 213 and 314 are padded for the LDPC
encoding. and therefore, the padded zcro 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
Kige. in order to form K. LDPC information bits, zero bits are padded.

In detail. when the number of BCH-cencoded bits is N, the number of LDPC in-
formation bits of the 16K LDPC code is K. and Nyuor < Kiipe, the zero padders 213
and 314 may pad the Kigpe-Nower 2zero 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 K, bits. However. when N,,.=Ki.. 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 K, LDPC information
bits (i, ity ween 4 . ‘_1) it Nigs,_wup(=Kiape/ 360) bit groups based on following

Equation 21 or 22. That is, the zcro 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.

e (21)

s k | .
Zy ={i)i = | 565 -0 = k <Kiggo [ 10r 0 = | <N 1o ronp

. {(22)
Z] = {Ik’360x j = k < 360X(]+1) } fOfO = ] < N info_group

In above Equations 21 and 22. Z, represents a j-th bit group.

The parameters Ny Kigper and Ninto_rp fOr the zero padding for the L1-basic
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signaling and the L 1-detail signaling may be defined as shown in following Table 9. In
this casc, the zero padders 213 and 314 may determine parameters for the zero padding
according 1o a corresponding mode as shown in following Table 9.

[450] [Table 9]

[451] Signaling FEC Type Nouter  Kidpe  Ninfo group
L1-Basic
(all modes) 368

L1-Defail Mode 1| 568 ~ 2500 | 5240 9

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
L_1-Detail Mode 7

[452] Further, for 0 £ j < Nigo_wop. €ach bit group Z; as shown in FIG. 12 may be formed of
360 bits.

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

[454] Referring to FIG. 12, the K, LDPC information bits are divided into the Ninto_eroup
bits groups and each bit group may be formed of 360 bits.

[455] When the number Noyo(= K, +M..;) of BCH-encoded bits for the L1-basic signaling
and the L1-detail signaling is less than the Ky, that is, Nj,o(= K +Moue) < K., for
the LDPC encoding, the K, LDPC information bits may be filled with the N,,,..., BCH-
encoded bits and the Kjp-Nour zero-padded bits. In this casc, the padded zero bits are
not transmitted to the receiver 200.

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

[457] The zero padders 213 and 314 may calculate the number of padded zcro 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 zcro bits to be padded.

[438] 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 Kp.-Nouer

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

[460] In detail. the zero padders 213 and 314 may calculate the number N« of groups to

which all bits are padded based on following Equation 23 or 24.
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KIdpc: - Nouter
Npag = 360

e (24)

(Kldpc' Mouter) - |'<sig
Npas = 360

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.

In this case, the shortening pattern of the padded bit group may be defined as shown
in following Table 10. In this case. the zero padders 213 and 314 may determine the
shortening patterns according 1o a corresponding mode as shown in following Table
10.

[Table 10]

TrJ 0z = \rmfn-gruupf
Signaling FEC N, :
Ty?:e ¢ ou’:'o 0 maty |mgi2i Wiy wpds (w3 miib) me7i |macs)
b e w10 g 120 w13 |yl mei1E) mg1s |mpl?)

L1-Basic 4 1 5 2 8 6 0 7 3
{for all modes) - - - - . - - B -
L1-Detail Made 1 |9 ! 9 S 4 ! 2 6 3 0
L1-Detail Mode 2 § 1 ! 8 o0 2 = BT

. 0 12 15 13 2 5 7 8
L1-Detail Mode 3 6 6 10 14 i 7 T a 3

. : 1 :
L1-Detail Mode 4 g S R : e

. 2 4 5 17 g 7 1 8 15
Li-DetailMode 5 |18 3 5 T 0 7 ERF: E—

. 7 1
SIS S A A
L1-Detail Mode 7 Y e [ 12

Here, y(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, Nisto_ssup 18 the number of hit
groups configuring the LDPC information bits.

In detail. the zero padders 213 and 314 may determine

Z o7 aiiyn L om o) as bit groups in which all bits within the bit group are

padded by sero 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 .
(0)-th bit group, a t(1)-th bit group.....a n (N, 1)-th bit group among the plurality of
bit groups based on the shortening pattern.

As such, when N, is not 0. the zero padders 213 and 314 may determine a list of the

Ny bit groups, that is, 20 Lo 1y 7 1 based on above Table 10, and

TN
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pad zero bits to all bits within the determined bit group.

However, when the N, is 0. the [oregoing procedurc may be omitted.

Since the number of all the padded zero bits is Kygp.-Nouwer and the number of zero bits
padded to the Npad bit groups is 360xN,. the zero padders 213 and 314 may addi-
tionally pad zero bits 10 Kigpe-Nouw-360xNq 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 7z - 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 Kly.-Noye-360xN,,q bits positioned at the head portion of
AN, Therelore, the Kigp.-Nowe-360xN 4 zero bits may be padded from a first bit

of the T {N.)-th bit group.
As aresult, for » oy 21O bits may be additionally padded to the K,i,.-Nyp, -

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

Meanwhile. the foregoing example describes that K- Nowe-360XN,4 zero bits arc

padded from a first bit of the » (x which is only onc cxample. Therefore, the
position at which zero bits arc padded in the (. may be changed. For example.

the Kigpe-Nouer-360XN,,,¢ zcro bits may be padded to a middle portion or a last portion of

the 7 x(n, Ormay also be padded at any position of the 7 v
Next, the zero padders 213 and 314 may map the BCH-encoded bits to the positions
at which zero bits arc not padded to configure the LDPC information bits.
Therelore, the N, BCH-encoded bits are sequentially mapped to the bit positions at

which zero bits in the K, LDPC information bits (i, ij. .... _,) are not padded,

e
and thus. the K. LDPC information bits may be formed of the N,,.., BCH-encoded
bits and the K, -No,; information bits.

The padded zero bits are not transmitted to the reeeiver 200. As such. a procedure of
padding the zcro bits or a procedure of padding the zero bits and then not transmitting
the padded zero bits to the recciver 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.

[n 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
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the LDPC parity bits to the parity permutators 215 and 316, respectively.
That is, Ky, bits output from the zcro padder 213 may include K,;, L1-basic
signaling bits, Myu.{=Nu-K,.) BCH parity check bits, and K. 4.-Nowe padded zero

bits, which may configure K,y.. LDPC information bits i=(iy, iy, ..., 4 v ) for the

LDPC encoder 214,
Further, the K, bits output from the zero padder 314 may include the K, L1-detail
signaling bits, the M, (=N.,.-K,;,) BCH parity check bits, and the (K ,.-Noy.;) padded

zero bits, which may configure the K, LDPC information bits i=(iy, i}. ... ; ) for

Ko, -1

the LDPC cncoder 315.
In this case. the LDPC encoders 214 and 315 may systematically perform the LDPC
cncoding on the Ky, LDPC information bits to generate an LDPC codeword A=(c, ¢,.

Gy Y= (lps iy e 4 Ko o1 P Pre e p Vo K.;.,.-']) formed of Ny,,.. 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-dctail 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 L1-detail
signaling arc as shown in above Table 6. and the number of LDPC information bits arc
as shown in above Table 9.

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 thc 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 [rom the parity
permutator 316 to gencrate additional parity bits.

For this purposc. the parity pcrmutators 215 and 316 may includc 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
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LDPC information bits and the LDPC parity bits configuring the LDPC codeword.
However, the parity interleaver may perform the parity interlcaving only in the cases of
the L1-detail modes 3, 4, 5. 6 and 7. That is, since the L.1-basic modes and the
L1-detail modes | and 2 include the parity interlcaving as a portion of the LDPC
encoding process. in the L1-basic modes and the L1-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-
terlcave the LDPC parity bits based on following Equation 25,

u=c; for 0<i <K, (information bits are not interleaved)
,for 0 <360, 0<t <27 ... (25)

dpe
Mg 4360007 € K 5275

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

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

be represented by U = (up ue ooy 4y )

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

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

represented as following Equation 26.

u=¢; for 0<i < Nipger ... (26)

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

Here, as described above, the output of the parity interleaver may be an LDPC
codeword parity-interlcaved 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 interlcaver 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-wisc interleaving on the LDPC codeword which is not parity-interlcaved.

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

For this purpose. the group-wisc interleaver may divide an LDPC codeword output
from the parity intcrleaver 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 (ug, u, ....

" Nw_l) output from the parity interlcaver into Ny (=Nipe/360) bit groups bascd on

following Equation 27,
Xi={uy, | 360xj<k <360x(j+1). 0<k <N, } for 0<j < Nyoup - (27)

CA 3058419 2019-10-10



[504]
[505]

(506]

[507]

[508]

[509]

[510]

[511]

[512]
[S13]
[514]

[515]

[516]

[517]

S1

In above Equation 27, X, represents a j-th bit group.

F1G. 13 illustrates an example of dividing the LDPC codeword output from the parity
interleaver into a plurality of bit groups.

Referring to FIG. 13, the LDPC codeword is divided into Nup(=Ny./360) bit
groups, and each bit group X, for 0 < j < N, 1s formed of 360 hits.

As a result, the LDPC information bits formed of K,y bits may be divided into K4, /
360 bit groups and the LDPC parity bits formed of Ni,,..-K. bits may be divided into
Ninner- Kip /360 bit groups.

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

In this case, the group-wise interleaver docs 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 interlcaved
by the group-wise interleaver but the LDPC parity bits among the LDPC bits may be
interleaved by the group-wisc interleaver. In this case, the LDPC parily bits may be in-
terleaved in a group unit.

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

Y =X, 05) < Kype/ 360

Y =X Kian/360<) <Nyoup ... (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-wisc interleaved, and Y,
represents the group-wisce interleaved j-th bit group. Further, t,(j) represents a per-
mutation order for the group-wise interleaving.

The permutation order may be defined based on following Table 11 and Table 12.
Here, Table 11 shows a group-wise interleaving pattern of a parity portion in the
L1-basic modes and the L1-detail modes | and 2, and Table 12 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 interlcaving
pattern according (o a corresponding mode shown in following Tables 11 and 12.

[Table 1]
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Order of group-wise interleaving

-

Te g (92 fo 30

Signaling N Ay 10y 1) | R 1) | (13Y e {14) {15 | m(10) | 717) 18 1 (19) 2200
FEC Type group . . N VRS NN J e RS
21y m22) mm(23) | m{24) | TA25Y mA(26) w27 m{2R) | m{(29)  m(30) ma3ly ) m{32)
TAS3) ALY 35 | ma(36) | ma37) PAIH) ma(3U | (A1) | ma(d1)  Tu(4d) A3 | 744
L1-Basic 20 23 25 32 38 41 18 I L I 24
{all modes) 14 15 26 40 33 19 28 34 18 38 27 30
' 21 44 437 3l 3 12 13 e 22 ar o 17
‘L1-Detail 16 22 27 30 37 44 20 23 25 3z 38 41
Mode 1 45 9 0 17 8 21 33 35 14 28 12 15 15
[ 24 29 34 36 3 40 43 31 26 39 42
L1-Detail 9 31 23 10 11 25 43 29 36 16 27 34
Mode 2 26 E 37 15 13 17 35 21 20 24 a5 12
22 40 19 32 38 41 30 33 14 28 39 42

[Table 12]

Order of group-wise interleaving

Signaling Ngroup - Ted (_18 A A 4” ; . - ]
FEC Type (18) 119) | 520)| 75(21)| 522)| 123) | M2y m25)| 26) | METY| M| a29) 19(30)| 3L

5432) %{(33)] m3Y)| 7w(35)| m(36)| 1(37)| 7(38) 3% | W(A0)| (4| 7{42)| 75(43)  m(44)
L1-Detail 19 37 (30 |42 23 44 |27 40 |21 3¢ |25 |32 29 |24
Mode 3 26 35 139 20 18 43 31 36 {38 122 |33 |28 41 ;
L1-Detail 20 38 |42 (39 |26 23 |30 18 |28 {37 132 |27 44 43
Mode 4 41 4C 138 136 34 133 131 29 (25 24 122 21 19
L1-Detail 45 18 37 133 26 |40 |43 22 29 |24 (35 44 31 27 20
Mode § 21 39 125 |42 3¢ (18 32 38 |23 |30 |28 |35 41
L1-Detail 20 35 142 (39 |26 (23 |30 18 ({28 |37 |32 |27 44 |43
Mode 6 41 40 38 36 134 133 |31 29 |25 [24 122 |21 19
L1-Detail 44 23 29 33 |24 128 |21 27 |42 |18 |22 |31 32 37
Mode 7 43 30 25 |35 20 (34 39 36 {19 41 40 |26 38 |

Hereinafter, for the group-wise interleaving pattern in the L 1-detail mode 2 as an
example. an operation of the group-wisc 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 codcword 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 0-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 casc, 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 8-th bit
group based on above Equation 28 and Table 11. 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 11, above Equation 28 may be rep-
resented like Y =X, Y =X, ..., Y=X5, Yi=Xu, YomXopo=Xo, Yi=Xp0=Xu. Y 1=X
mmzxzsq ---,Yu:Xxpuz):Xza» Y4.x:an«4x;:Xw» Y-H:anH—-J:X-D'
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Therefore. the group-wise interleaver does not change an order of the 0-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 [rom 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 | 1-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
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 paticrn by the parity permutation. That is. the first bit group to be punctured
is positioned at the last bit group.

The foregoing cxample describes that only the parity bits are interleaved, which is
only onc 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 samce order before the interlcaving 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 repecated
LDPC codeword to the additional parity generator 319. In this case, the additional
parity gencrator 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 repcated LDPC parity bits are positioned between the LDPC in-
formation bits and the LDPC parity bits within the LDPC codeword.

Theretore. 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 | and the I 1-detail

mode 1. and may not be performed on the other modes. In this case, the repeaters 216
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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.

... (29)
Nrepeat = 2 X LC XN outerJ +D

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 bascd on following Table
13. That is, the repeaters 216 and 317 may determine the C and D based on a corre-

sponding modc as shown in following Table 13.

[Table 13]
N K K c D Nldpc _parity .
outer S 1dpc _ Huop
- 9 P ) o (= Ninne;m f‘jdpc’
L1-Basic Mode 1 368 200 3240 C 3672 (12960 2
L1-Detail Mode 1 |568 ~2520 {400 ~2352 |3240 €116 -508 12060 2

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

In detail. when Nigpea < Nige_paivy> the repeaters 216 and 317 may add first N,pew bits
of the parity permutated LDPC parity bits to the LDPC information bits as illustrated
in FIG. 14. That is, the repcaters 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 N ™ Nigpe i the repeaters 216 and 317 may add the parity permutated N
wpe purivy LDPC parity bits to the LDPC information bits as illustrated in FIG. 15, and
may additionally add an Nepeu-Nip_puiy number of the parity permutated LDPC parity
bits 1o the Ny puriy LDPC parity bits which arc lirst 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 NrepeaNidpe_parity-th
LDPC parity bit among the parity permutated LDPC parity bits after thc LDPC parity
bits which are [irst added.

Therefore. in the L1-basic mode ! and the L1-detail mode 1, the additional Niepea DILS
muy 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 (o as an LDPC codeword after puncturing) to the zero removers
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218 and 321. Further, the puncturer 318 may provide information (for example, the
number and positions of punctured bits, ctc.) about the punctured LDPC parity bits to
the additional parity generator 319. In this case, the additional parity generator 319
may gencrate additional parity bits based thereon.

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

In this case, the punctured LDPC parity bits arc not transmitted in a frame in which
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 Ny emp Of
LDPC parity bits (o be punctured based on following Equation 30. That is, (or a given
Nouer the puncturers 217 and 318 may calculate the temporary number Noune remp OF
LDPC parity bits to be punctured based on following Equation 30.

... (30)
N punc_temp = [A X (Kldpc - 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 (o an integer obtained {rom a result of mul-
tiplying a shortening length (that is, Kyj,.-Nou.) by a preset constant A value. In the
present exemplary cmbodiment, it is apparent that the constant A value is sct 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 casc in which the length of information
bits, that is, the length of the L1 signaling is short or a casc 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 K. A and B are listed in following Table 14 which shows parametcrs
for puncturing. Therefore, the puncturers 217 and 318 may determine the parameters
for puncturing according to a corresponding mode as shown in following Table 14.

[Table 14]
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[557] Signaling FEC Type Nouter Kldpc A B Nldpc_parity | Nwon
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 12778 8
Mode 1 | 568 ~ 2520 720 2
| Mode2 [568~3240 | | 2 6036 2
Mode 3 11/16 4653 2
L1-Detail Mode 4 29/32 3200 4
Moce 5 |568~6480 6480 | 3/4 4284 9720 6
Mode & 117116 4900 8
Mode 7 49/256 8246 8
[558] The puncturers 217 and 318 may calculate a temporary $iz¢ Nige .., of one coded

block as shown in following Equation 31. Here, the number Ny, .., of LDPC parity
bits according to a corresponding modce is shown as above Table 14.

[5591 N[-’l{(“lempzNnuwl""lelpc,,pdrn)"Npum;remp (’3 ] )

|560] Further, the puncturers 217 and 318 may calculate a size Ny of one coded block as

shown in following Equation 32.

[561] e (32)
NFEC temp
Nege = ( | X Mmoo
Mmoo
[562] In above Equation 32. nyop is @ modulation order. For example, when the L1-basic

signaling and the L1-detail signaling arc modulated by QPSK, 16-QAM, 64-QAM or
256-QAM according to a corresponding mode., 1ye, may be 2, 4, 6 and 8 as shown in
above Tablc 14. According to above Equation 32, Ny, may be an integer multiple of
the modulation order.

[563] Further. the puncturers 217 and 318 may calculate the number Npunc of LDPC parity
bits to be punctured based on following Equation 33.

[564] Noune™Npune_emp={NFree-Nree emp) -0 {33)

[565] Here, N, 18 0 or a positive integer. Further. Nege is the number of bits of an in-
formation block which are obtained by subtracting Ny bits to be punctured from N,
+Nipe_puriry bits obtained by performing the BCH encoding and the LDPC encoding on
K, information bits. That is, Ny is the number of bits other than the repelition bits
among the actually transmitted bits, and may be called the number of shortened and
punctured LDPC codeword bits.

[566] Referring to the foregoing process, the puncturers 217 und 318 multiplics A by the
number ol padded zero bits, that is, a shortening length and adding B to a result to
calculate the temporary number Ny, 0f LDPC parity bits to be punctured.

[567] Further, the puncturers 217 and 318 calculate the temporary number Nege e OF
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LDPC codeword bits to constitute the LDPC codeword after puncturing and shortening
based on the Ny -

In detail, the LDPC information bits arc 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 L.1-detail signaling are BCH encoded, and in
some cases. may further include padded zero bits.

In this case, since the padded zero bits arc 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 Nege e

The punctured and shortened LDPC codeword (that is, LDPC codeword bits
remaining alter puncturing and shortening) are mapped Lo 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 rcceiver 200 through a frame,

Therefore. the puncturers 217 and 318 determine the number Ny of LDPC
codeword bits to constitutc the LDPC codeword after puncturing and shortening based
on Nigc omp- Nixe 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 N ¢

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 | and the L1-detail mode 1. repetition is performed,
and thus, the number ol shortened and punctured LDPC codeword bits is equal 1o Ny.c
+Nypear-

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.

[n this case, the puncturers 217 and 318 may puncture the last N, bits of all the

parity permutated LDPC codewords. Therefore, the Npune 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.

Npune 18 O 0r a positive integer and the repetition may be applied only to the L1-basic
mode | and the L1-detail mode 1.

The foregoing example describes that the repetition is performed, and then, the
puncturing is performed, which is only onc example. In some cascs. 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
generuted 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 recciver 200. Here. when the repetition is performed according o 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 shortencd 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 gencrator 319 may select at least some of the LDPC parity bits
generated based on the L 1-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 Li-detail signaling are punctured, and then, are not transmitted to the receiver
200. In this case. the additional parity gencrator 319 may sclect at Icast 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 gencrator 319 may sclect at Icast 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 [rame may be conligured of only the LDPC parity
bits generated by the LDPC encoding according to a corresponding mode or the LDPC
parity bits gencrated by the LDPC encoding and the repeated LDPC parity bits.

In this case. the additional parity generator 319 may sclect at least some of the LDPC
parity bits included in the puncturcd 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 [rame.

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 recciver 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 [rames 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 cascs. 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 {rame are transmitted through the current
frame to the receiver 200 using an L 1-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_modc of the L1-basic
parameter of the current frame. In detail. when the
LIB_ 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 L.1-detail signaling of the next
frame are not transmitted in the current frame.

As such, to additionally increase robustness of the L1-detail signaling, the additional
parity bits may be transmitted in the {rame before the current frame in which the
L1-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 framec arc transmitted in a preamble of the (i-1)-th frame.

F1G. 18 illustrates that the L1-detail signaling transmitted through the i-th frame is
segmented into M blocks by segmentation and cach of the segmented blocks is FEC
encoded.

Therefore. M number of LDPC codewords, that is, an LDPC codeword including
LDPC mformation bits L1-D(1)_1 and parity bits parity for [.1-D(i)_1 therefor, .. and
an LDPC codeword including LDPC information bits L1-D(i)_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 bascd on the L 1-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 1o 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 Nap tenp Of ad-

ditional parity bits based on following Equation 34.

0.5 XKX (Nouter+ N tdpc_parity = N punc + N repeat),

. K=0,12
(Nldpciparity*' Npune+ N repeat)

NAP_temp = min

e (34
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. ajfa=>b
min(a.b) = {b ith < 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
L1-detail signaling block repeated. punctured, and have the zcro bits removed (that is,
shortened)).

In this case. K corresponds to an LIB_L1_Detail_additional_parity_mode field of
the L1-basic signaling. Here, a valuc of the LIB_L1_Detail_additional_parity_mode
associated with the L 1-detail signaling of the i-th frame (that is. frame (#i)) may be
transmitted in the (i-1)-th frame (that is, frame (#-1)).

As described above, when L1 detail modes are 2, 3. 4. 5, 6 and 7, since repelition is
not pertormed. in above Equation 34. Ny, is 0.

Further, the additional parity generator 319 calculates the number Ny of additional
parity bits based on (ollowing Equation 35. Therelore. the number N, of additional

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

. (35)
NAP tem
_lemp
Np = [* X Nmon
Mmoo
Here, is a maximum integer which is not greater than x. Here. Wyop is the

1x]

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 yMOD may
be 2,4, 6 0r 8.

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

Next, the additional parity gencrator 319 may select bits as many as the number of
bits calculated in the LDPC parity bits to gencrate 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 gencrated, the additional parity generator 319
may sclect 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 Iess 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 (o be generated, {rom 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 1s not performed, LDPC parity bits included in a repcated
LDPC codeword are the LLDPC 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 sclect 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 gencrated by the
LDPC encoding, to generate the additional parity bits.

Here, the LDPC parity bits generated by the LDPC encoding are divided into non-
puncturcd LDPC parity bits and punctured LDPC parity bits. As a result, when the bits
arc sclected 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 gencrated by the LDPC cncoding.

In this casc, 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 [irst LDPC parity bit among the repcated LDPC parity bits to
gencrate the additional parity bits.

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

Hercinafter, methods for gencrating additional parity bits according to cxemplary
embodiments will be deseribed in more detail with reference to FIGs. 19 to 21.

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

this case, a repeated LDPC codeword V = (v, vy, ...y 4 _,) may be rep-

resented as illustrated in FIG. 19,
First, when Ny < N, as illustrated in FIG. 20. the additional parity generator 319
may sclect Ny bits from the first LDPC parity bit among puncturcd LDPC parity bits

to generate the additional parity bits.
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Therefore. for the additional parity bits, the punctured LDPC parity bits (

. oy ey , , . ) may be selected.
VN aN A Voo oA N VAL NN, N N -l

That is, the additional parity gencrator 319 may select the N, bits from the first bit
among the punctured LDPC parity bits to gencrate the additional parity bits.

When Ny~ Ny, as tllustrated in FIG. 21, the additional parity generator 319 selects
all the punctured LDPC parity bits.

Therelore, for the additional parity bits, all the punctured LDPC parity bits (

_,) may be selected.

RV S L . T LA SV

Further, the additional parity gencrator 319 may additionally select first Nap-Nyye bits
from the LDPC parity bits including the repeated LDPC parity bits and the LDPC
parity bits gencrated by the LDPC encoding.

That is, since the repeated LDPC parity bits and the LDPC parity bits gencrated by
the LDPC cncoding are sequentially arranged, the additional parity generator 319 may
additionally sclect the Np-N,,,. parity bits from the {irst LDPC parity bit among the
repeated LDPC parity bits.

Therefore. for the additional parity bits, the LDPC parity bits { .

K!J;\_— e K; ‘r_’_] o

Ve v val) may bec additionally sclected.

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.

As aresult. for the additional parity bits. ( . = =~ R SV Vs

g s Y prae repear

L R L R U E TR ’\,m_l) may be selected.

As such, when the number of punctured bits is equal to or greater than the number of
additional parity bits to be gencrated. 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 gencrated by selecting all the
punctured ’bils and the N,,-N,,,, parity bits.

Since Nieo=0 when repetition is not performed, the method (or gencrating additional
parity bits when the repetition is not performed is the same as the case in which N
=0 in FIGs. 19 to 21.

The additional parity bits may be bit-interlcaved, and may be mapped to con-

repeat

stellation. In this casc. the constellation for the additional parity bits may be generated

by the same method as constellation for the L1-detail signaling bits transmitted in the
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current frame. in which the L1-dctail signaling bits are repcated. punctured. and have
the zero bits removed. Further. as illustrated in FIG. 18, after being mapped to the con-
stellation, the additional parity bits may be added after the L 1-detail signaling block in
a frame before the current frame in which the L1-detail signaling of the current frame
Is transmitted.

[642] The additional parity generator 319 may output the additional parity bits to a bit de-
multiplexer 323.

[643] As described above in reference to Tables 11 and 12, the group-wisc interleaving
pattern defining the permutation order may have two patterns: a [irst pattern and a
second pattern.

[644] In detail. since the B value of above Equation 30 represents the minimum length of
the LDPC parity bits to be puncturcd, the predetermined number of bits may be always
punctured depending on the B value regardless of the length of the input signaling. For

cxample. in the L{-detail mode 2. since B=6036 and the bit group is formed of 360

bits, even when the shortening length is 0. at least  gpq5 bit groups are always
=16
- 360

punctured.

[645] In this case, since the puncturing is performed from the last LDPC parity bit, the pre-
dectermined number of bit groups from a last bit group among the plurality of bit
groups conliguring the group-wisc interleaved LDPC parity bits may be always
punctured regardless of the shortening length,

[6406] For example. in the L1-dctail mode 2. the last 16 bit groups among 36 bit groups
conliguring the group-wisc interlcaved LDPC parity bits may be always punctured.

[647] As a result, some of the group-wise interleaving patterns defining the permutation
order represent bit groups always to punctured, and therefore. the group-wise in-
terleaving pattcrn may be divided into two patterns. In detail. a pattern defining the
remaining bit groups other than the bit groups to be always punctured in the group-
wise interleaving pattern is referred to as the (irst pattern, and the pattern defining the
bit groups (o be always punctured is referred (o as the second pattern.

[648] For example. in the L1-detail mode 2, since the group-wise interleaving pattern is
defined as above Table 11, a pattern representing indexes of bit groups which are not
group-wise interleaved and positioned in a 9-th bit group to a 28-th bit group afier
group-wise interleaving, that is, Yo=Xp0=Xo. Y =X p10,=Xu1, Y= X=X s Yoo
=X =Xi7 Y= Xop07=Xase Yos=Xopoe =X may be the first pattern, and a pattern rep-
resenting indexes of bit groups which are not group-wise interleaved and positioned in
a 29-th bit group to a 44-th bit group after group-wise interleaving, that is. Ys=X.p1,
=Xo0, Yz(FX,Tp. 0= Xy, Yﬁl:X:p(H)ZX-Ll- Y42=Xm4:»=X:x» Yu:Xxpm::X;% Yu:Xm-u;
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=X,> may be the second pattern.

As described above, the second pattern defines bit groups to be always punctured in a
current frame regardless of the shortening length, and the first pattern defines bit
groups additionally to be punctured as the shortening length is long. such that the first
pattern may be used to determine the LDPC parity bits to be transmitted in the current
frame after the puncturing.

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

For example, in the L1-detail mode 2, when the number of LDPC parity bits to be
punctured is 7200, 20 bit groups need to be punctured, and thus, four (4) bit groups
need to be additionally punctured, in addition to the 16 bit groups to be always
punctured.

In this case, the additionally punctured four (4) bit groups correspond to the bit
groups positioned at 25-th to 28-th positions after group-wise interleaving, and since
these bil groups are determined according o the [irst pattern. that is, belong to the (irst
pattern. the first pattern may be used to determine the punctured bit groups.

That is. when LDPC parity bits arc puncturcd more than a minimum valuc of LDPC
parity bits to be punctured, which bit groups are to be additionally punctured is de-
termincd according to which bit groups are positioned after the bit groups to be always
punctured. As a result, according to a puncturing direction. the first pattern which
defines the bit groups positioned after the bit groups to be always punctured may be
considered as determining the punctured bit groups.

That is, as in the foregoing example, when the number of LDPC parity bits (o be
punctured is 7200. in addition to the 16 bit groups to be always punctured, four (4) bit
groups, that is, the bit groups positioned at 28-th, 27-th, 26-th. and 25-th positions.
after group-wise interleaving ts performed. are additionally punctured. Here, the bit
groups positioned at 25-th to 28-th positions aflter the group-wise interleaving are de-
termined according (o the first pattern.

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

For example. in the L1-detail mode 2, bit groups positioned at 20-th, 24-th. 44-th, ...,
28-th, 39-th and 42-th positions before the group-wise interleaving need to be po-
sitioned only at a 29-th bit group to a 44-th bit group after the group-wise interleaving.
Therefore, it is not important at which positions of these bit groups are positioned.

As such, the sccond 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
uscd for the puncturing.

However, {or determining additional parity bits, positions of the bit groups to be
always punctured within these bit groups nced to be considered.

In detail. since the additional parity bits are generated by sclecting bits as many as a
predetermined number [rom the [irst bit among the punctured LDPC parity bits, bits
included in at least some of the bit groups to be always punctured may be selected as at
lcast some of the additional parity bits depending on the number of punctured LDPC
parity bits and the number of additional parity bits to be gencrated.

That is, when additional parity bits are selected over the number of bit groups
defined according to the first pattern. since the additional parity bits are sequentially
selected {rom a start portion of the second pattern, the order of the bit groups belonging
to the second pattern is meaningful in terms of selection of the additional parity bits.
As aresull. the sccond pattern defining bit groups to be always punctured may be
considered as being uscd to determine the additional parity bits.

For example, in the L1-detail mode 2, the total number of LDPC parity bits is 12960
and the number of bit groups to be always punctured is 16.

In this case. the second pattern may be used to generate the 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 subtraction
result to the number of additional parity bits to be generated exceeds 7200. Here, 7200
is the number of LDPC parity bits except the bit groups to be always punctured, among
the bit groups configuring the LDPC parity bits. That is, 7200=(36-16)x360.

In detail, when the value obtained by the above subtraction and addition is equal to or
less than 7200. that is. 12960-N,,,,+N .y < 7200, the additional parity bits may be
generated according to the first pattern,

However, when the value obtained by the above subtraction and addition exceeds
7200, that is, 12960-N . +N,p > 7200. the additional parity bits may be gencrated
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according to the first pattern and the second pattern.

In detail. when 12960-N,,,,.+N ., > 7200. for the additional parity bits, bits included in
the bit group positioned at a 28-th position {rom the {irst LDPC parity bit among the
punctured LDPC parity bits may be selected. and bits included in the bit group po-
sitioned at a predetermined position from a 29-th position may be selected.

Here. the bit group to which the {irst 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
tinally selected LDPC parity bits belong) at the predetermined position may be de-
termined depending on the number of punctured LDPC parity hits and the number of
additional parity bits to be generated.

In this casc, the bit group positioned at the 28-th position from the firth LDPC parity
bit among the punctured LDPC parity bits is determined according to the first pattern.
and the bit group positioned at the predetermined position from the 29-th position is
determined according to the second pattern.

As a result, the additional parity bits are determined according (o the {irst pattern and
the sccond 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. and the second pattcrn may be
used to determine the additional parity bits to be generated and LDPC parity bits to be
always punctured regardless ol the number of parity bits to be punctured by the
puncturers 217 and 318.

The foregoing example describes that the group-wisc interleaving pattern includes
the first pattern and the second pattern, which is only for convenience of explanation in
terms of the puncturing and the additional parity. That is, the group-wise interleaving
pattern may be considered as one patiern without being divided into the first pattcrn
and the second pattern. In this case. the group-wise interleaving may be considered as
being performed with one pattern both for the puncturing and the additional parity.

The values used in the foregoing example such as the number of punctured LDPC
parity bits are only example values.

The zero removers 218 and 321 may remove zcro bits padded by the zero padders
213 and 314 from the LDPC codewords output from the puncturers 217 and 318, and
output the remaining bits to the bit demultiptexers 219 and 322.

Here, the removal does not only remove the padded zero bits but also may include
outputting the remaining bits other than the padded zero bits in the LDPC codewords.

In detail. the zero removers 218 and 321 may remove Ky.-N,. zcro bits padded by
the zero padders 213 and 314. Thercfore, the K,,.-N,.,.. padded zero bits are removed,

and thus, may not be transmitted to the receiver 200.
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For example. as illustrated in FIG. 22, it is assumed that all bits of a first bit group, a
fourth bit group, a fifth bit group, a seventh bit group, and an eighth bit group among a
plurality of bit groups configuring an LDPC codeword are padded by zero bits, and
somc bits of the sccond bit group are padded by zero bits.

In this case, the zero removers 218 and 321 may remove the zero bits padded to the
first bit group. the second bit group, the fourth bit group, the fifth bit group, the
seventh bit group, and the eighth bit group.

As such, when zero bits arc removed, as iltustrated in FIG. 22, an LDPC codeword
formed of K, information bits (that is, K, L1-basic signaling bits and K;, L1-detail
signaling bits), 168 BCH parity check bits (that is, BCH FEC), and Njjp-Kigpe-Npune OF
Ninner- Kiipe~Npunet Nigpea Parity bits may remain.

That is, when repetition is performed. the lengths of all the LDPC codewords become
NiectN gea- Here, Nege = Noa N paie=-Npu. However, in a mode in which the
repetition is not performed, the lengths of all the LDPC codewords become Ny

The bit demultiplexers 219 and 322 may interleave the bits output from the zero
removers 218 and 321, demultiplex the interleaved bits, and then output them to the
constellation mappers 221 and 324.

For this purposc. the bit demultiplexers 219 and 322 may include a block interleaver
(not illustrated) and a demultiplexer (not illustrated).

First, a block interleaving scheme performed in the block interleaver is illustrated in
FIG. 23.

In detail, the bits of the Nege of Nepe+ N length after the zero bits are removed
may be column-wiscly serially written in the block interlcaver. Here, the number of
columns of the block interleaver is equivalent to the modulation order and the number
of rows s Neee/Muop OF (NiretNiepeaMvion-

Further, in a read operation. bits for onc constellation symbol may be sequentially
read in a row direction to be input to the demultiplexer. The operation may be
continued to the last row of the column.

That is, the Ny or (Nppe+Nipew) bits may be written in a plurality of columns in a
column direction from the first row of the first column, and the bits written in the
plurality of columns are sequentially read from the first row to the last row of the
plurality of columns in a row direction. In this case. the bits read in the same row may
configure one modulation symbol.

The demultiplexer may demultiplex the bits output {rom the block interleaver.

In detail. the demultiplexer may demultiplex cach of the block-interleaved bit groups.
that is, the bits output while being read in the same row of the block interleaver within
the bit group bit-by-bit, before the bits are mapped to constellation.

In this case, two mapping rules may be present according to the modulation order.
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In detail. when QPSK is used for modulation, since reliability of bits within a con-
stellation symbol is the same. the demultiplexer does not perform the demultiplexing
operation on a bit group. Therefore, the bit group read and output from the block in-
terleaver may be mapped to a QPSK symbol without the demultiplexing operation.

However, when high order modulation is usced, the demultiplexer may perform de-
multiplexing on a bit group rcad and output from the block interleaver based on
following Equation 36. That is, a bit group may bc mapped to a QAM symbol

depending on following Equation 36.

S(Iernu@n(i) ={bi 0),b; (1).0; 2)....0i(Nwmon-1)}.
i (@)=D (i%nmon).ci (1)=b; ((+1)%Nmon),-.Ci (Mmon-1)=b; ((i+1 morr1)%M. mod

(36)

In above Equation 36. % represents a modulo operation. and 1y, is a modulation
order.

Further, 1 is a bit group index corresponding to a row index of the block interleaver.
That is, an output bit group S _ouwi, Mapped to cach ol the QAM symbols may be
cyclic-shifted in an Sy ins, according to the bit group index i.

FIG. 24 illustrates an example of performing bit demultiplexing on 16-non uniform
constellation (16-NUC), that is, NUC 16-QAM. The operation may be continued until
all bit groups are read in the block interleaver.

The bit demultiplexer 323 may perform the same operation, as the operations
performed by the bit demultiplexers 219 and 322, on the additional parity bits output
from the additional parity generator 319, and output the block-interleaved and demul-
tiplexed bits to the constellation mapper 325.

The constellation mappers 221, 324 and 325 may map the bits output from the bit de-
multiplexers 219, 322 and 323 to constellation symbols, respectively.

That is, each of the constellation mappers 221, 324 and 325 may map the Saem_oud) 1O
a ccll word using constellation according to a corresponding mode. Here, the S, owis
may be configured of bits having the same number as the modulation order.

In detail, the constellation mappers 221, 324 and 325 may map bits output from the
bit demultiplexers 219, 322 and 323 to constellation symbols using QPSK. 16-QAM,
64-QAM. the 256-QAM. elc.. according to a corresponding mode.

In this case. the constellation mappers 221. 324 and 325 may usc the NUC. That is,
the constellation mappers 221, 324 and 325 may use NUC 16-QAM, NUC 64-QAM or
NUC 256-QAM. The modulation scheme applied to the L1-basic signaling and the

L 1-detail signaling according to a corresponding mode is shown in above Table 6.
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The transmitter 100 may map the constellation symbols to a frame and transmit the
mapped symbols (o the receiver 200.

In detail, the transmitter 100 may map the constellation symbols corresponding to
each ol the L1-basic signaling and the L 1-detail signaling output from the constellation
mappers 221 and 324, and map the constellation symbols corresponding to the ad-
ditional parity bits output from the constellation mapper 325 o a preamble symbol of a
frame.

In this casc, the transmitter 100 may map the additional parity bits generated based
on the L [-detail signaling transmitted in the current frame to a {rame before the current
frame.

That is. the transmitter 100 may map the LDPC codeword bits including the L 1-basic
signaling corrcsponding to the (i-1)-th frame to the (i-)-th frame, maps the LDPC
codeword bits including the L 1-detail signaling corresponding to the (i-1)-th frame to
the (i-1)-th frame, and additionally map the additional parity bits gencrated selected
from the LDPC parity bits generated based on the L1-detail signaling corresponding to
the i-th frame to the (i-1)-th frame and may transmit the mapped bits 1o the receiver
200.

In addition. the transmitter 100 may map data to the data symbols of the frame in
addition to the L1 signaling and transmit the frame including the L1 signaling and the
data to the receiver 200.

In this case, since the L1 signalings include signaling information about the data. the
signaling about the data mapped (o cach data may be mapped to a preamble of a corre-
sponding frame. For example. the transmitter 100 may map the L1 signaling including
the signaling information about the data mapped to the i-th {rame to the i-th frame.

As a result, the receiver 200 may use the signaling obtained from the frame to receive
the data from the corresponding frame for processing.

FIGs. 25 and 26 are block diagrams for describing a configuration of a receiver
according to an exemplary embodiment.

In detail, as illustrated in F1G. 25, the receiver 200 may include a constellation
demapper 2510, a multiplexer 2520, a Log Likelihood Ratio (LLR) inserter 2530, an
LLR combiner 2540. a parity depermutator 2550, an LDPC decoder 2560. a zcro
remover 2570, a BCH decoder 2580, and a descrambler 2590 to process the L1-basic
signaling.

Further, as illustrated in FIG. 26, the receiver 200 may include constellation
demappers 2611 and 2612, multiplexcrs 2621 and 2622, an LLR inscrter 2630, an LLR
combiner 2640, a parity depermutator 2650, an LDPC decoder 2660, a zero remover
2670, a BCH decoder 2680, a descrambler 2690, and a desegmenter 2695 to process
the L1-detail signaling,
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Here. the components illustrated in FIGs. 25 and 26 performing functions corrc-
sponding 1o the functions of the components illustrated in FIGs. 42 and 43, re-
spectively, which is only an example, and in somc cascs, some of the components may
be omitted and changed and other components may be added.

The receiver 200 may acquire frame synchronization using a bootstrap of a frame and
receive L1-basic signaling from a preamble of the frame using information for
processing the L1-basic signaling included in the bootstrap.

Further, the receiver 200 may receive L1-detail signaling from the preamble using in-
formation for processing the L 1-detail signaling included in the 1.1-basic signaling. and
reccive broadcasting data required by a user from data symbols of the {rame using the
L I-detail signaling.

Therefore, the recciver 200 may determine a mode of uscd at the transmitter 100 to
process the L1-basic signaling and the L I-detail signaling. and process a signal
received from the transmitter 100 according to the determined mode to receive the
L1-basic signaling and the L 1-detail signaling. For this purpose, the receiver 200 may
pre-store information about parameters used at the transmitter 100 to process the
signaling according to corresponding modes.

As such. the L1-basic signaling and the Li-dctail signaling may be scquentially
acquired from the preamble. In describing FIGs. 25 and 26, components performing
common functions will be described together for convenience of explanation.

The constellation demappers 2510. 2611 and 2612 demodulate a signal received from
the transmitier 100.

In detail. the constellation demappers 2510. 2611 and 2612 arc components corre-
sponding to the constellation mappers 221, 324 and 325 of the transmitter 100, re-
spectively. and may demodulate the signal received from the transmitter 100 and
generate values corresponding to bits transmitted from the transmitter 100.

That is, as described above, the transmitter 100 maps an LDPC codeword including
the L1-basic signaling and the LDPC codeword including the L.1-detail signaling to the
preamble of a [rame, and transmits the mapped LDPC codeword to the receiver 200.
Further, in some cases, the transmitter 100 may map additional parity bits to the
precamble of a [ramc and transmit the mapped bits to the recciver 200.

As aresult, the constellation demappers 2510 and 261 1 may generate values corre-
sponding to the LDPC codeword bits including the L1-basic signaling and the LDPC
codeword bits including the L1-detail signaling. Further, the constellation demapper
2612 may generale values corresponding to the additional parity bits.

For this purpose, the receiver 200 may pre-store information about a modulation
scheme used by the transmitter 100 to modulate the L1-basic signaling. the L1-detail

signaling, and the additional parity bits according to corresponding modes. Therefore,
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the constellation demappers 2510, 2611 and 2612 may demodulate the signal received
from the transmitter 100 according to the corresponding modes to generate values cor-
responding to the LDPC codeword bits and the additional parity bits.

The value corresponding to a bit transmitted from the transmitter 100 is a value
calculated based on probability that a received bit 1s O and 1. and instcad, the
probability itself may also be used as a value corresponding to each bit. The value may
also be a Likelihood Ratio (LR) or an LLR value as another example.

In detail. an LR value may represent a ratio of probability that a bit transmitted from
the transmitter 100 is 0 and probability that the bit is 1. and an LLR value may
represent a value obtained by taking a log on probability that the bit transmitted from
the transmitter 100 is 0 and probability that the bit is 1.

The forcgoing example uscs the LR valuc or the LLR value, which is only onc
example. According to another excmplary embodiment. the received signal itself rather
than the LR or LLR valuc may also be used.

The multiplexers 2520, 2621 and 2622 perform multiplexing on LLR values output
from the constellation demappers 25140, 2611 and 2612,

In detail. the multiplexers 2520, 2621 and 2622 are components corresponding (o the
bit demultiplexers 219, 322 and 323 of the transmitter 100, and may perform op-
erations corresponding to the operations of the bit demultiplexers 219, 322 and 323, re-
spectively.

For this purposc. the receiver 200 may pre-store information about parameters used
for the transmitter 100 to perform demultiplexing and block interleaving. Therefore,
the multiplexers 2520, 2621 and 2622 may reversely perform the demultiplexing and
block interlcaving operations of the bit demultiplexers 219, 322 and 323 on the LLR
value corresponding to a cell word to multiplex the LLR value corresponding to the
cell word in a bit unit,

The LLR inserters 2530 and 2630 may insert LLR values for the puncturing and
shortening bits into the LLR values output from the multiplexers 2520 and 2621, re-
spectively. In this case, the LLR inserters 2530 and 2630 may insert predetermined
LLR values between the LLR values output from the multiplexers 2520 and 2621 or a
hcad portion or an end portion thereof.

In detail. the LLR inserters 2530 and 2630 arc components corresponding to the zero
removers 218 and 321 and the puncturers 217 and 318 of the transmitter 100, re-
spectively, and may perform operations corresponding to the operations of the zero
removers 218 and 321 and the puncturers 217 and 318, respectively.

First, the LLR inserters 2530 and 2630 may insert LLR values corresponding to zero
bits into a position where the zero bits in an LDPC codeword are padded. In this case,

the LLR values corresponding to the padded zcro bits, that is, the shortened zero bits
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may be co or -co. However, oo or -co are a theoretical value but may actually be a
maximum value or a minimum value of the LLR value used in the receiver 200.

For this purpose. the recetver 200 may pre-store information about parameters and/or
patterns used for the transmitter 100 to pad the zero bits according to corresponding
modes. Therefore, the LLR inserters 2530 and 2630 may determine positions where the
zero bits in the LDPC codewords are padded according to the corresponding modes,
and insert the LLR values corresponding to the shortened zero bits into corresponding
positions.

Further. the LLR inserters 2530 and 2630 may insert the LLR values corresponding
to the punctured bits into the positions of the punctured bits in the LDPC codeword. In
this case, the LLR values corresponding to the punctured bits may be 0. However, the
LLR combiners 2540 and 2640 scrve to update LLR valucs for specific bits into more
correct values. However, the LLR values for the specific bits may also be decoded
from the received LLR valucs without the LLR combiners 2540 and 2640 and
therctore in some cases. the LLR combiners 2540 and 2640 may be omitted.

For this purpose. the receiver 200 may pre-store information about paramelers and/or
patterns used {or the transmitter 100 to perform puncturing according to corresponding
modes. Thercfore, the LLR inserters 2530 and 2630 may determine the Iengths of the
punctured LLDPC parity bits according to the corresponding modes, and insert corre-
sponding LLR values into the positions where the LDPC parity bits are punctured.

When the additional parity bits selected from the punctured bits among the additional
parity bits, the LLR inserter 2630 may insert LLR values corresponding to the reccived
additional parity bits, not an LLR valuc ‘0’ for the punctured bit, into the positions of
the punctured bits.

The LLR combiners 2540 and 2640 may combine. that is, a sum the LLR values
output from the LLR inserters 2530 and 2630 and the LLR valuc output {rom the mul-
liplexer 2622.

In detail. the LLR combiner 2540 is a component corresponding to the repeater 216
of the transmitter 100. and may perform an operation corresponding to the operation of
the repeater 216. Alternatively. the LLR combiner 2640 is a component corresponding
to the repeater 317 and the additional parity gencrator 319 of the transmitter 100, and
may perform operations corresponding to the operations of the repeater 317 and the ad-
ditional parity generator 319,

First. the LLR combiners 2540 and 2640 may combine LLR values corresponding to
the repctition bits with other LLR values. Here, the other LR valucs may be bits
which are a basis of generating the repetition bits by the transmitter 100, that is, LLR
values for the LDPC parity bits selected as the repeated object.

That is, as described above, the transmitter 100 selects bits from the LDPC parity bits

CA 3058419 2019-10-10



74

and repeats the selected bits between the LDPC information bits and the LDPC parity
bits generated by LDPC encoding, and transmits the repetition bits (o the receiver 200.

[738] As aresult, the LLR values for the LDPC parity bits may be formed of the LLR
values for the repeated LDPC parity bits and the LLR values for the non-repeated
LDPC parity bits, that is, the LDPC parity bits generated by the LDPC encoding.
Therefore, the LLR combiners 2540 and 2640 may combinc the LLR values for the
same LDPC parity bits.

[739] For this purpose. the receiver 200 may pre-store information about paramcters used
for the transmitter 100 to perform the repetition according to corresponding modes. As
a rcsult, the LLR combiners 2540 and 2640 may determine the lengths of the repeated
LDPC parity bits, determine the positions of the bits which arc a basis of the repetition,
and combinc the LLR values for the repecated LDPC parity bits with the LLR valucs
for the LDPC parity bits which are a basis of the repetition and generated by the LDPC
encoding.

[740] For example, as illustrated in FIGs. 27 and 28§, the LLR combiners 2540 and 2640
may combine LLR values for repeated LDPC parity bits with LLR values for LDPC
parity bits which arc a basis of the repetition and generated by the LDPC encoding.

[741] When LPDC parity bits arc repeated n times, the LLR combiners 2540 and 2640 may
combine LLR valucs for bits at the same position at n times or less.

[742] For example, FIG. 27 illustrates a casc in which some of LDPC parity bits other than
punctured bits are repeated once. In this case. the LLR combiners 2540 and 2640 may
combine LLR values for the repeated LDPC parity bits with LLR values for the LDPC
parity bits generated by the LDPC encoding, and then, output the combined LLR
values or output the LLR values for the received repeated LDPC parity bits or the LLR
values for the reccived LDPC parity bits generated by the LDPC encoding without
combining them.

[743] As another example. FIG. 28 illustrates a case in which some of the transmitted
LDPC parity bits, which are not punctured. are repeated twice, the remaining portion is
repeated once. and the punctured LDPC parity bits are repeated once.

[744] In this case, the LLR combiners 2540 and 2640 may process the remaining portion
and the punctured bits which are repeated once by the same scheme as described
above. However. the LLR combiners 2540 and 2640 may process the portion repeated
twice as follows. In this casc, for convenience of description, onc of the two portions
generated by repeating some of the LDPC parity bits twice is referred to as a first
portion and the other is referred to as the second portion.

1745] In detail. the LLR combiners 2540 and 2640 may combine LLR values for cach of
the first and second portions with LLR values for the LDPC parity bits. Altcrnatively,
the LLR combiners 2540 and 2640 may combine the LLR valucs for the first portion

CA 3058419 2019-10-10



[746]

[747]

[748]

[749]

[751]

[752]

-
h

with the LLR values for the LDPC parity bits, combine the LL.R values for the sccond
portion with the LLR values for the LDPC parity bits, or combine the LLR values for
the first portion with the LLLR values for the second portion. Alternatively, the LLR
combiners 2540 and 2640 may output the LLR values for the first portion, the LLR
values for the second portion. the LLR values for the remaining portion. and punctured
bits, without separate combination.

Further, the LLR combiner 2640 may combine LLR values corresponding to ad-
ditional parity bits with other LLR valucs. Here, the other LLR valucs may be the
LDPC parity bits which are a basis of the generation of the additional parity bits by the
transmitter 100, that is, the LLR values for the LDPC parity bits selected for generation
of the additional parity bits.

That is, as described above. the transmitter 100 may map additional parity bits for
L1-dctail signaling transmitted in a current frame to a previous frame and transmit the
mapped bits to the receiver 200.

In this case, the additional parity bits may include LDPC parity bits which are
punctured and are not transmitted in the current frame, and in some cases, may (urther
include LDPC parity bits transmitted in the current frame.

As aresult, the LLR combiner 2640 may combine LLR valucs for the additional
parity bits received through the current frame with LLR values inserted into the
positions of the punctured LDPC parity bits in the LDPC codeword received through
the next frame and LER values for the LDPC parity bits received through the next
frame.

For this purpose, the receiver 200 may pre-store information about parameters and/or
patterns used for the transmitter 100 to generate the additional parity bits according to
corresponding modes. As a result, the LLR combiner 2640 may determine the lengths
of the additional parity bits, determine the positions of thc LDPC parity bits which arc
a basis of generation of the additional parity bits, and combine the LLR valucs for the
additional parity bits with the LLR values for the LDPC parity bits which arc a basis of
generation of the additional parity bits,

The parity depermutators 2550 and 2650 may depermutate the LLR values output
from the LLR combiners 2540 and 2640, respectively.

In detail. the parity depermutators 2550 and 2650 are components corresponding 1o
the parity permutators 215 and 316 of the transmitter 100. and may perform operations
corresponding to the operations of the parity permutators 215 and 316, respectively.

For this purpose. the receiver 200 may pre-store information about parameters and/or
patterns used for the transmitter 100 to perform group-wise interleaving and parity in-
terleaving according to corresponding modes. Therefore. the parity depermutators

2550 and 2650 may reverscly perform the group-wise interleaving and parity in-
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terleaving operations of the parity permutators 215 and 316 on the LLR values corre-
sponding to the LDPC codeword bits, that is, perform group-wise deinterleaving and
parity deinterleaving operations to perform the parily depermutation on the LLR values
corresponding to the LDPC codeword bits, respectively.

The LLDPC decoders 2560 and 2660 may perform LDPC decoding based on the LLR
values output from the parity depermutators 2550 and 2630, respectively.

In detail. the LDPC decoders 2560 and 2660 are components corresponding to the
LDPC encoders 214 and 315 of the transmitter 100 and may perform operations corre-
sponding to the operations of the LDPC encoders 214 and 315, respectively.

For this purpose. the receiver 200 may pre-store information about parameters used
for the transmitter 100 to perform the LDPC encoding according to corresponding
modcs. Thercfore, the LDPC decoders 2560 and may perform the LDPC decoding
based on the LLR values output [rom the parity depcrmutators 2550 and 2650
according to the corresponding modes.

For example. the LDPC decoders 2560 and 2660 may perform the LDPC decoding
based on the LLR values output from the parity depermutators 2550 and 2650 by
iterative decoding based on a sum-product algorithm and output error-corrected bits
depending on the LDPC decoding.

The zero removers 2570 and 2670 may remove zero bits from the bits output from
the LDPC decoders 2560 and 2660, respectively.

In detail, the zero removers 2570 and 2670 are components corresponding to the zero
padders 213 and 314 of the transmitter 100, and may perform operations corresponding
to the operations ol the zero padders 213 and 314, respectively.

For this purposc. the recciver 200 may pre-store information about parameters and/or
patterns uscd for the transmitter 100 to pad the zero bits according to corresponding
modcs. As a result, the zero removers 2570 and 2670 may remove the zcro bits padded
by the zero padders 213 and 314 from the bits output from the LDPC decoders 2560
and 2660, respectively.

The BCH decoders 2580 and 2680 may perform BCH decoding on the bits output
from the zero removers 2570 and 2670, respectively.

In detail. the BCH decoders 2580 and 2680 are components corresponding to the
BCH encoders 212 and 313 of the transmitter 100. and may perform operations corre-
sponding to the operations of the BCH encoders 212 and 313, respectively.

For this purpose. the recciver 200 may pre-store the information about parameters
used for the transmitter 100 to perform BCH encoding. As a result. the BCH decoders
2580 and 2680 may correct errors by performing the BCH decoding on the bits output
from the zero removers 2570 and 2670 and output the error-corrected bits.

The descramblers 2590 and 2690 may descramble the bits output from the BCH
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decoders 2580 and 2680. respectively.

In detail. the descramblers 2590 and 2690 are components corresponding to the
scramblers 211 and 312 of the transmitter 100, and may perform operations corre-
sponding to the operations of the scramblers 211 and 312,

For this purpose. the receiver 200 may pre-store information about parameters used
for the transmitter 100 to perform scrambling. As a result. the descramblers 2590 and
2690 may descramble the bits output from the BCH decoders 2580 and 2680 and
output them, respectively.

As aresult, L1-basic signaling transmitted from the transmitter 100 may be
recovered. Further, when the transmitter 100 does not perform segmentation on
L1-detail signaling, the L1-detail signaling transmitted from the transmitter 100 may
also be recovered.

However, when the transmitter 100 performs the segmentation on the 1.1-detail
signaling, the desegmenter 2695 may desegment the bits output from the descrambler
2690.

In detail. the desegmenter 2695 is a component corresponding to the scgmenter 311
of the transmitter 100, and may perform an operation corresponding to the operation of
the scgmenter 311.

For this purposc. the receiver 200 may pre-store information about parameters used
for the transmitter 100 to perform the segmentation. As a result. the descgmenter 2695
may combine the bits output {from the descrambler 2690. that is. the segments for the
L 1-detail signaling to recover the L 1-detail signaling before the segmentation.

The information about the length of the L1 signaling is provided as illustrated in FIG.
29. Therelore, the receiver 200 may calculate the length of the L1-detail signaling and
the length of the additional parity bits.

Referring to FIG. 29. since the Lt-basic signaling provides information about
L 1-detail total cells, the receiver 200 needs to calculate the length of the L1-detail
signaling and the lengths of the additional parity bits.

In detail, when L1B_L1_Detail _additional_parity_mode of the L1-basic signaling is
not 0, since the information on the given LIB_L1_Detail total_cells represents a total
cell length (= Ny i owi_ens)s the recciver 200 may calculate the length Ny gewit_cen Of
the L1-dctail signaling and the length Np o . of the additional parity bits based on
following Equations 37 to 40.

Nitrrc cen=( Noulur+Nrepcu:+Nl(lpc_puril)'_NplmL)/ Myioo=Nc/Myvion -..(37)

NI.IJ{L’LmL&IIx:NI,II)J‘t(fl'R‘\MhXNl_l FEC celly »eee (38)

Nar ot cets=NL oot NLLdewiteey - (39)

In this case. based on above Equations 37 to 39, an Nap_wul_es Value may be obtained

based on an Ny | jewit wow_cets value which may be obtained from the information about
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the LIB_L1_Detail _total _cells of the L I-basic signaling, Nygc. the Ny iy pecrraur. and
the modulation order Mygp. As an example, Nap o, ., May be calculated based on
following Equation 40.

N,\PJ(»uucl..\:N141Adem,umlgen\‘Nl,1l,ufr:(“lfk,\xlp.xNH«.(‘/ﬂ MOD «eon (40)

Meanwhile, a syntax, and field semantics of the L1-basic signaling [ield are as
following Table 15,

[Table 15]

Syntax # of bits | Format |

L1_Basic_signalling() {
L1B L1 Detail size hits 16 uimsbf
L1B_L1_Detail fec_type 3 uimsbf
L1B L1 Detail additional parity mode 2 uimsbf
L1B L1 Detail total cells 19 uimsbf
L1B Reserved ? uimshbf
L1B crc 32 uimsbf

{

As a result, the recciver 200 may perform an operation of a receiver for the additional
parity bits in a next frame based on the additional parity bits transmitted to the N
AP_owl_calts CElT among the received L1 detail cells.

FIG. 30 is a flow chart for describing a method for generating, by a transmitter. an
additional parity according to an ¢xemplary embodiment.

First, parity bits are gencrated by encoding input bits (S2810).

Next, a plurality of bit groups configuring the parity bits arc group-wisc interlcaved
based on a group-wise interleaving pattern including a first pattern and a second
pattern to perform parity permutation (S2820).

Further, some of the parity-permutated parity bits are punctured (S2830), and at least
some of the punctured parity bits are selected to generate additional parity bits to be
transmitted in a previous frame (S2840).

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

In detail. the second pattern represents bit groups to be always punctured among the
plurality of bit groups, the additional parity bits may be gencrated by sclecting at least
some of the bits included in the bit groups to be always punctured depending on the

order of the bit groups to be always punctured determined depending on the second
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pattern.

In operation S2820. the plurality of bit groups configuring the parity bits interleaved
based on above Equation 11 may be group-wisc interleaved. In this case, the per-
mutation order for the second pattern may be determined based on above Table 4 or 5.

In operation S2810, 3240 input bits may be encoded at a code rate of 3/15 to generate
12960 parity bits. In this case. an LDPC codeword in which some parity bits are
punctured may be mapped to constellation symbols by QPSK to be transmitted to the
receiver.

The dctailed methods for generating additional parity bits are described above, and
thus, duplicate descriptions are omitted.

A non-transitory computer readable medium in which a program performing the
various methods described above are stored may be provided according to an
exemplary embodiment. The non-transitory computer readable medium is not a
medium that stores data therein for a while, such as a register, a cache, a memory, or
the like, but means a medium that at least semi-permanently stores data therein and is
readable by a device such as « microprocessor. In detail, various applications or
programs described above may be stored and provided in the non-transitory computer
rcadable medium such as a compact disk (CD), a digital versatile disk (DVD), a hard
disk, a Blu-ray disk. a universal serial bus (USB). a memory card. a rcad only memory
(ROM), or the like.

Al least onc of the components, elements, modules or units represented by a block as
illustrated in FIGs. 1, 9. 10, 25 and 26 may be embodied as various numbers of
hardware, softwarc and/or firmware structures that cxecute respective functions
described above, according to an exemplary embodiment. For example. at least one of
these components. elements, modules or units may use a direct circuit structure, such
as a memory, a processor, a logic circuit, a look-up table, etc. that may exccute the re-
spective functions through controls of onc or more microprocessors or other control
apparatuses. Also, at least one of these components, elements, modules or units may be
specifically embodied by a module, a program. or a part of code, which contains one or
more exccutable instructions for performing specified logic {unctions, and executed by
one or more microprocessors or other control apparatuses. Also. at least one of these
components, elements, modules or units may further include or implemented by a
processor such as a central processing unit (CPU) that performs the respective
functions, a microprocessor, or the like. Two or more of these components, clements,
modules or units may be combined into one single component. element, module or unit
which performs all operations or functions of the combined two or more components,
elements, modules or units. Also, at least part of functions of at least one of these

components, clements, modules or units may be performed by another of these
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components, clements, modules or units. Further, although a bus is not illustrated in
the above block diagrams, communication between the components, clements.
modulcs or units may be performed through the bus. Functional aspects of the above
exemplary embodiments may be implemented in algorithms that execute on one or
more processors. Furthcrmore. the components, elements, modules or units represented
by a block or processing steps may employ any number of related art techniques for
electronics configuration, signal processing and/or control, data processing and the
like.

[794] Although the exemplary embodiments of inventive concept have been illustrated and
described hercinabove, the inventive concept is not limited to the above-mentioned
exemplary embodiments, but may be variously modificd by those skilled in the art to
which the inventive concept pertains without departing from the scope and spirit of the
inventive concept as disclosed in the accompanying claims. For example, the
exemplary embodiments are described in relation with BCH encoding and decoding
and LDPC cncoding and decoding. However, these embodiments do not limit the
inventive concept to only a particular encoding and decoding, and instead. the
inventive concept may be applied to different types of encoding and decoding with
necessary modifications. These modifications should also be understood to fall within
the scope of the inventive concept.

Industrial Applicability

[795] -

Sequence Listing Free Text

[796] -
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CLAIMS:

1. A receiving apparatus being operable in a mode among a plurality of modes, the
receiving apparatus comprising:

a receiver configured to receive a signal from a transmitting apparatus;

a demodulator configured to demodulate the signal to generate values based on a
quadrature phase shift keying (QPSK) modulation of the mode;

an inserter configured to insert predetermined values into the values;

a parity depermutator configured to split the values and the inserted values into a
plurality of groups and deinterleave some groups from among the plurality of groups based on
a permutation order of the mode to provide deinterleaved plurality of groups in which the
some groups are deinterleaved; and

a decoder configured to decode values of the deinterleaved plurality of groups based
on a low density parity check (LDPC) code, a code rate of the mode being 3/15 and a code
length of the mode being 16200 bits,

wherein the predetermined values correspond to parity bits punctured in the
transmitting apparatus, and

wherein values of 201, 24% 441 12t 20t 40t 19t 32t 3gh 41t 30t 33t 140
28" 39" and 42™ proups among the deinterleaved plurality of groups comprise at least a part

of the predetermined values.

2. The apparatus of claim 1, wherein a number of the plurality of groups is 45.

3. A receiving method of a receiving apparatus being operable in a mode among a plurality
of modes, the method comprising:

receiving a signal from a transmitting apparatus;

demodulating the signal to generate values based on a quadrature phase shift keying
(QPSK) modulation of the mode;

inserting predetermined values into the values;

splitting the values and the inserted values into a plurality of groups;

deinterleaving some groups from among the plurality of groups based on a
permutation order of the mode to provide deinterleaved plurality of groups in which the some

groups are deinterleaved; and
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decoding values of the deinterleaved plurality of groups based on a low density parity

check (LDPC) code, a code rate of the mode being 3/15 and a code length of the mode being
16200 bits,

wherein the predetermined values correspond to parity bits punctured in the
transmitting apparatus, and

wherein values of 20, 24 44 12 20t 40t 19t 30t 38t 41t 30t 33t 14t
281 39% and 42™ groups among the deinterleaved plurality of groups comprise at least a part

of the predetermined values.

4. The method of claim 3, wherein a number of the plurality of groups is 45.
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[Fig. 15]
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[Fig. 17)
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[Fig. 18]
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[Fig. 21]
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[Fig. 23]
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[Fig. 25]
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[Fig. 27]
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[Fig. 30]
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