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A low density parity check (LDPC) encoder, an LDPC decoder, and an LDPC encoding method are disclosed. The LDPC encoder
Includes first memory, second memory, and a processor. The first memory stores an LDPC codeword having a length of 16200
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DPC codeword corresponding to

Information bits by performing accumulation with respect to the second memory using a sequence corresponding to a parity check

matrix (PCM).
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ABSTRACT

A low density parity check (LDPC) encoder, an LDPC decoder, and an LDPC
encoding method are disclosed. The LDPC encoder includes first memory, second
memory, and a processor. The first memory stores an LDPC codeword having a
length of 16200 and a code rate of 4/15. The second memory is initialized to 0. The
processor generates the LDPC codeword corresponding to information bits by
performing accumulation with respect to the second memory using a sequence
corresponding to a parity check matrix (PCM).
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LOW DENSITY PARITY CHECK ENCODER HAVING LENGTH OF 16200 AND
CODE RATE OF 4/15, AND LOW DENSITY PARITY CHECK ENCODING
METHOD USING THE SAME

CROS SQREFERENCE TO RELATED APPLICATIONS

[0001] This application claims the benefit of Korean Patent Application Nos. 10-2014-
0106175 and 10-2014-0120010, filed August 14, 2014 and September 11, 2014,

respectively.

BACKGROUND

1. Technical Field
[0002] The present disclosure relates generally to a low density parity check (LDPC)
code that is used to correct errors occurring over a wireless channel, and, more
particularly, to an LDPC code that is applicable to a digital broadcasting system.

2. Description of the Related Art

[0003] Current terrestrial television (TV) broadcasting generates co-channel
interference across an area within a distance that is three times a service radius, and
thus the same frequency cannot be reused in the area within the distance that is three
times the service radius. An area in which the same frequency cannot be reused is
called a white space. Spectrum efficiency significantly deteriorates due to the
occurrence of a white space.

[0004] Accordingly, there arises a need for the development of a transmission
technology that facilitates the elimination of a white space and the reuse of a frequency
with an emphasis on reception robustness in order to improve spectrum efficiency.
[0005] In response to this,‘the paper “Cloud Transmission: A New Spectrum-Reuse
Friendly Digital Terrestrial Broadéasting Transmission System” published on
September of 2012 in IEEE Transactions on Broadcasting, Vol. 58, No. 3 proposes a
terrestrial cloud transmission technology that facilitates reuse, does not generate a
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white space, and makes the construction and operation of a single frequency network
easy.

[0006] Using this terrestrial cloud transmission technology, a broadcasting station can
transmit the same nationwide content or locally different content over a single
broadcasting channel. However, for this purpose, a receiver should receive one or
more terrestrial cloud broadcast signals in an area in which signals transmitted from
different transmitters overlap each other, that is, an overlap area, over a single
frequency network, and then should distinguish and demodulate the received terrestrial
cloud broadcast signals. That is, the receiver should demodulate one or more cloud
broadcast signals in a situation in which co-channel interference is present and the
timing and frequency synchronization between transmitted signals are not guaranteed.
[0007] Meanwhile, Korean Patent Application Publication No. 2013-0135746 entitled
“Low Density Parity Check Code for Terrestrial Cloud Transmission™ discloses an
LDPC code that is optimized for terrestrial cloud transmission and exhibits excellent
performance at low code rate (<0.5).

[0008] However, Korean Patent Application Publication No. 2013-0135746 is directed
to a code length completely different from an LDPC code length used in the DVB

broadcast standard, etc., and does not teach a specific LDPC encoding method.

SUMMARY

[0009] At least one embodiment of the present invention is directed to the provision of
a new LDPC codeword having a length of 16200 and a code rate of 4/15, which 1s

capable of being used for general purposes.
[0010] At least one embodiment of the present invention is directed to the provision of

an LDPC encoding technique that is capable of efficiently performing LDPC encoding
using a sequence having a number of rows equal to a value that is obtained by dividing
the sum of the length of the systematic part of an LDPC codeword, that is, 4320, and
the length of the first parity part of the LDPC codeword, that is, 1080, by 360.

[0011] In accordance with an aspect of the present invention, there is provided an
LDPC encoder, including first memory configured to store an LDPC codeword having
a length of 16200 and a code rate of 4/15; second memory configured to be initialized
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to 0; and a processor configured to generate the LDPC codeword corresponding to
information bits by performing accumulation with respect to the second memory using
a sequence corresponding to a parity check matrix (PCM).
[0012] The accumulation may be performed at parity bit addresses that are updated
using the sequence corresponding to the PCM.
[0013] The LDPC codeword may include a systematic part corresponding to the
information bits and having a length of 4320, a first parity part corresponding to a dual
diagonal matrix included in the PCM and having a length of 1080, and a second parity
part corresponding to an identity matrix included in the PCM and having a length ot
10800.
[0014] The sequence may have a number of rows equal to the sum of a value obtained
by dividing a length of the systematic part, that is, 4320, by a circulant permutation
matrix (CPM) size corresponding to the PCM, that is, 360, and a value obtained by
dividing a length of the first parity part, that is, 1080, by the CPM size.
[0015] The sequence may be represented by the following Sequence Table:

Sequence Table
Ist row: 19 585 710 3241 3276 3648 6345 9224 9890 103841
2nd row: 181 494 894 2562 3201 4382 5130 5308 6493 10135
3rd row: 150 569 919 1427 2347 4475 7857 8904 9903
4th row: 1005 1018 1025 2933 3280 3946 4049 4166 5209
5th row: 420 554 778 6908 7959 8344 8462 10912 11099
6th row: 231 506 859 4478 4957 7664 7731 7908 8930
7th row: 179 537 979 3717 5092 6315 6883 9353 9935
8th row: 147 205 830 3609 3720 4667 7441 10196 11809
9th row: 60 1021 1061 1554 4918 5690 6184 7986 11296
10th row: 145 719 768 2290 2919 7272 8561 9145 10233
11st row: 388 590 852 1579 1698 1974 9747 10192 10255
12nd row: 231 343 485 1546 3155 4829 7710 10394 11336
13rd row: 4381 5398 5987 9123 10365 11018 11153
14th row: 2381 5196 6613 6844 7357 8732 11082
15th row: 1730 4599 5693 6318 7626 9231 10663
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10016] The accumulation may be performed while the rows of the sequence are being
repeatedly changed by the CPM size of the PCM. -

[0017] In accordance with an aspect of the present invention, there is provided an
LDPC encoding method, including initializing first- memory configured to store an
LDPC codeword having a length of 16200 and a code rate of 4/15 and second memory;
and generating the LDPC codeword corresponding to information bits by performing
accumulation with respect to the second memory using a sequence corresponding to a

PCM.
[0018] The accumulation may be performed at parity bit addresses that are updated

using the sequence corresponding to the PCM. _

[0019] The LDPC codeword may include a systematic part corresponding to the
information bits and having a length of 4320, a first parity part corresponding to a dual
diagonal matrix included in the PCM and having a length of 1080, and a second parity
part corresponding to an identity matrix included in the PCM and having a length of
10800. |

[0020] The sequence may have a number of rows equal to the sum of a value obtained
by dividing a length of the systematic part, that is, 4320, by a circulant permutation
matrix (CPM) size corresponding to the PCM, that is, 360, and a value obtained by
dividing a length of the first parity part, that is, 1080, by the CPM size.

[0021] The sequence may be represented by the above Sequence Table.

[0022] In accordance with still another aspect of the present invention, there is
provided an LDPC decoder, including a receiving unit configured to receive an LDPC
codeword encoded using a sequence corresponding to a PCM and is represented by the
above Sequence Table; and a decoding unit configured to restore information bits from
the received LDPC codeword by performing decoding corresponding to the PCM.
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[0022a] According to an embodiment, there is provided a low density parity check (LDPC)
encoder, comprising: first memory configured to store an LDPC codeword having a Iength
of 16200 and a code rate of 4/15; second memory configured to be 1nitialized to 0; and a
processor configured to generate the LDPC codeword corresponding to information bits by
performing accumulation with respect to the second memory using a sequence
corresponding to a parity check matrix (PCM), wherein the sequence 1s represented by the

following Sequence Table:

Sequence Table
st row: 19 585 710 3241 3276 3648 6345 9224 9890 10841
2nd row: 181 494 894 2562 3201 4382 5130 5308 6493 10135
3rd row: ISO 569 919 1427 2347 4475 7857 8904 9903
4th row: 1005 1018 1025 2933 3280 3946 4049 4166 5209
Sth row: 420 554 778 6908 7959 8344 8462 10912 11099
6th row: 231 506 859 4478 4957 7664 7731 7908 8980
7th row: 179 537 979 3717 5092 6315 6883 9353 9935
8th row: 147 205 830 3609 3720 4667 7441 10196 11809
Oth row: 60 1021 1061 1554 4918 5690 6184 7986 11296
10th row: 145 719 768 2290 2919 7272 8561 9145 10233
11th row: 388 590 852 1579 1698 1974 9747 10192 10255

12th row: 231 343 485 1546 3155 4829 7710 10394 11336
13th row: 4381 5398 5987 9123 10365 11018 11153

14th row: 2381 5196 6613 6844 7357 8732 11082
4a
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15th row: 1730 4599 5693 6318 7626 9231 10663.

[0022b] According to another embodiment, there 1s provided a low density parity check
(LDPC) encoding method, comprising: initializing first memory configured to store an
LDPC codeword having a length of 16200 and a code rate of 4/15, and second memory; and
generating the LDPC codeword corresponding to information bits by performing
accumulation with respect to the second memory using a sequence corresponding to a parity

check matrix (PCM), wherein the sequence is represented by the following Sequence Table:
Sequence Table

1st row: 19 .585 710 3241 3276 3648 6345 9224 9890 10841

2nd row: 181 494 894 2562 3201 4382 5130 5308 6493 10135

3rd row: 150 569 919 1427 2347 4475 7857 8904 9903

4th row: 1005 1018 1025 2933 3280 3946 4049 4166 5209

5th row: 420 554 778 6908 7959 8344 8462 10912 11099

6th row: 231 506 859 4478 4957 7664 7731 7908 8980

7th row: 179 537 979 3717 5092 6315 6883 9353 9935

8th row: 147 205 830 3609 3720 4667 7441 10196 11809

Oth row: 60 1021 1061 1554 4918 5690 6184 7986 11296

10th row: 145 719 768 2290 2919 7272 8561 9145 10233

11th row: 388 590 852 1579 1698 1974 9747 10192 10255
12th row: 231 343 485 1546 31554829 7710 10394 11336

13th row: 4381 5398 5987 9123 10365 11018 11153

4b
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14th row: 2381 5196 6613 6844 7357 8732 11082
15th row: 1730 4599 5693 6318 7626 9231 10663.

[0022¢] According to another embodiment, there is provided a transmitter for a broadcast
signal, comprising: an LDPC encoder configured to generate an LDPC codeword having a

5 length of 16200 and a code rate of 4/15 by performing accumulation with respect to memory
initialized to 0, using a sequence corresponding to a parity check matrix (PCM), the LDPC
codeword corresponding to information bits; and a modulator configured to modulate the

LDPC codeword, wherein the sequence is represented by the following Sequence Table:
Sequence Table
10 Istrow: 19 585710 3241 3276 3648 6345 9224 9890 10841
2nd row: 181 494 894 2562 3201 4382 5130 5308 6493 10135
3rd row: 150 569 919 1427 2347 4475 7857 8904 9903
4th row: 1005 1018 1025 2933 3280 3946 4049 4166 5209
Sth row: 420 554 778 6908 7959 8344 8462 10912 11099
15  6th row: 231 506 859 4478 4957 7664 7731 7908 8980

7th row: 179 537 979 3717 5092 6315 6883 9353 9935

8th row: 147 205 830 3609 3720 4667 7441 10196 11809
Oth row: 60 1021 1061 1554 4918 5690 6184 7986 11296

10th row: 145 719 768 2290 2919 7272 8561 9145 10233
20 11throw: 388 590 852 1579 1698 1974 9747 10192 10255

12th row: 231 343 485 1546 3155 4829 7710 10394 11336

4c
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13th row: 4381 5398 5987 9123 10365 11018 11153
14th row: 2381 5196 6613 6844 7357 8732 11082
15th row: 1730 4599 5693 6318 7626 9231 10663.

[0022d] According to another embodiment, there is provided a broadcast signal transmission

5 method, comprising: generating an LDPC codeword having a length of 16200 and a code
rate of 4/15 by performing accumulation with respect to memory initialized to 0, using a
sequence corresponding to a parity check matrix (PCM), the LDPC codeword corresponding
to information bits; and modulating the LDPC codeword, wherein the sequence is

represented by the following Sequence Table:

10 . Sequence Table
1st row: 19 585 710 3241 3276 3648 6345 9224 9890 10841
2nd row: 181 494 894 2562 3201 4382 5130 5308 6493 10135
3rd row: 150 569 919 1427 2347 4475 7857 8904 9903
4th row: 1005 1018 1025 2933 3280 3946 4049 4166 5209

15  Sthrow: 420 554 778 6908 7959 8344 8462 10912 11099

6th row: 231 506 859 4478 4957 7664 7731 7908 8980

7th row: 179 537 979 3717 5092 6315 6883 9353 9935
8th row: 147 205 830 3609 3720 4667 7441 10196 11809

9th row: 60 1021 1061 1554 4918 5690 6184 7986 11296
20  10th row: 145 719 768 2290 2919 7272 8561 9145 10233

11th row: 388 590 852 1579 1698 1974 9747 10192 10255

4d
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12th row: 231 343 485 1546 3155 4829 7710 10394 11336
13th row: 43él 5398 5987 9123 10365 11018 11153

14th row: 2381 5196 6613 6844 7357 8732 11082

15th row: 1730 4599 5693 6318 7626 9231 10663.

BRIEF DESCRIPTION OF THE DRAWINGS

[0023] The above and other objects, features and advantages of the present invention will be

more clearly understood from the following detailed description taken in conjunction with the

accompanying drawings, in which:

de
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[0024] FIG. 1 is a block diagram illustrating a broadcast signal transmission and
reception system according to an embodiment of the present invention;

[0025] FIG. 2 is an operation flowchart illustrating a broadcast signal transmission and
reception method according to an embodiment of the present invention;

[0026] FIG. 3 is a diagram illustrating the structure of a PCM corresponding to an
LDPC code to according to an embodiment of the present invention;

[0027] FIG. 4 is a block diagram illustrating an LDPC encoder according to an
embodiment of the present invention:

[0028] FIG. 5 is a block diagram illustrating an LDPC decoder according to an
embodiment of the present invention;

[0029] FIG. 6 is an operation flowchart illustrating an LDPC encoding method
according to an embodiment of the present invention; and

[0030] FIG. 7 is a graph plotting the performance of a QC-LDPC code having a length
of 16200 and a code rate of 4/15 according to an embodiment of the present invention

against Ey/No.
DETAILED DESCRIPTION

[0031] Embodiments of the present invention will be described in detail below with
reference to the accompanying drawings. Repeated descriptions and descriptions of
well-known functions and configurations that have been deemed to make the gist of
the present invention unnecessarily obscure will be omitted below. The embodiments
of the present invention are intended to fully describe the present invention to persons
having ordinary knowledge in the art to which the present invention pertains.
Accordingly, the shapes, sizes, etc. of components in the drawings may be exaggerated
to make the description obvious.

[0032] Embodiments of the present invention will be described in detail below with
reference to the accompanying drawings.

[0033] FIG. 1 is a block diagram illustrating a broadcast signal transmission and
reception system according to an embodiment of the present invention.

[0034] Referring to FIG. 1, it can be seen that a transmitter 10 and a receiver 30

communicate with each other over a wireless channel 20.
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[0035] The transmitter 10 generates an n-bit codeword by encoding k information bits
using an LDPC encoder 13. The codeword is modulated by the modulator 15, and is
transmitted via an antenna 17. The signal transmitted via the wireless channel 20 1s
received via the antenna 31 of the receiver 30, and, in the receiver 30, is subjected to a
process reverse to the process in the transmitter 10. That is, the received data is
demodulated by a demodulator 33, and is then decoded by an LDPC decoder 35,
thereby finally restoring the information bits.

[0036] It will be apparent to those skilled in the art that the above-described
transmission and reception processes have been described within a minimum range
required for a description of the features of the present invention and various processes
required for data transmission may be added.

(0037] In the following, the specific processes of encoding and decoding that are
performed using an LDPC code in the LDPC encoder 13 or LDPC decoder 35 and the
specific configurations of encoding and decoding devices, such as the LDPC encoder
13 and the LDPC decoder 35, are described. The LDPC encoder 13 illustrated in FIG.
1 may have a structure illustrated in FIG. 4, and the LDPC decoder 35 may have a
structure illustrated in FIG. 5. _

[0038] FIG. 2 is an operation flowchart illustrating a broadcast signal transmission and
reception method according to an embodiment of the present invention.

[0039] Referring to FIG. 2, in the broadcast signal transmission and reception method
according to this embodiment of the present invention, input bits (information bits) are
subjected to LDPC encoding at step S210.

[0040] That is, at step S210, an n-bit codeword is generated by encoding k information

bits using the LDPC encoder.
[0041] In this case, step S210 may be performed as in an LDPC encoding method

illustrated in FIG. 6.
[0042] Furthermore, in the broadcast signal transmission and reception method, the

encoded data is modulated at step S220.
[0043] That is, at step S220, the encoded n-bit codeword is modulated using the

modulator.
[0044] Furthermore, in the broadcast signal transmission and reception method, the

modulated data is transmitted at step S230.
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[0045] That is, at step S230, the modulated codeword is transmitted over a wireless
channel via the antenna.

[0046] Furthermore, in the broadcast signal transmission and reception method, the
received data is demodulated at step S240.

[0047] That is, at step S240, the signal transmitted over the wireless channel is
received via the antenna of the receiver, and the received data is demodulated using the
demodulator.

[0048] Furthermore, in the broadcast signal transmission and reception method, the
demodulated data is subjected to LDPC decoding at step 5250.

[0049] That is, at step S250, the information bits are finally restored by performing
LDPC decoding using the demodulator of the receiver.

[0050] In this case, step S250 corresponds to a process reverse to that of the LDPC
encoding method illustrated in FIG. 6, and may correspond to the LDPC decoder of
FIG. 3.

(0051] An LDPC code is known as a code very close to the Shannon limit for an
additive white Gaussian noise (AWGN) channel, and has the advantages of
asymptotically excellent performance and parallelizable decoding compared to a turbo
code.

[0052] Generally, an LDPC code is defined by a low-density parity check matrix
(PCM) that is randomly generated. However, a randomly generated LDPC code
requires a large amount of memory to store a PCM, and requires a lot of time to access
memory. In order to overcome these problems, a quasi-cyclic LDPC (QC-LDPC) code
has been proposed. A QC-LDPC code that is composed of a zero matrix or a circulant
permutation matrix (CPM) is defined by a PCM that is expressed by the following
Equation 1:

Jall Jalz .. Jaln
Jall J“zz e Jazn |
H=|" . T fora, € {0 L— 100} (1)
‘—Jaml Jamz L Ja”’" )

[0053] In this equation, J is a CPM having a size of Lx L, and is given as the
following Equation 2. In the following description, L may be 360.
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- -

01 0 - 0
0 0 1 - 0

Joo=lior o e (2)
6 0 0 - 1
100 - 0

[0054] Furthermore, J' is obtained by shifting an L x L identity matrix 7 (J ’) to the

right i (0<i< L) times, and J® is an Lx L zero matrix. Accordingly, in the case of
a QC-LDPC code, it is sufficient if only index exponent i is stored in order to store

J' . and thus the amount of memory required to store a PCM is considerably reduced.
[0055] FIG. 3 is a diagram illustrating the structure of a PCM corresponding to an
LDPC code to according to an embodiment of the present invention.

[0056] Referring to FIG. 3, the sizes of matrices A and C are gxK and

(N -K - g)x(K+ g), respectively, and are composed of an L x L zero matrix and a

CPM, respectively. Furthermore, matrix Z is a zero matrix having a size of

gx(N-K—-g) , matrix D is an identity matrix having a size of
(N-K-g)x(N—-K-g), and matrix B is a dual diagonal matrix having a size of
gx g. In this case, the matrix B may be a matrix in which all elements except

elements along a diagonal line and neighboring elements below the diagonal line are 0,

and may be defined as the following Equation 3:

— iy

I, 0 0 - 0 0 O
[Lxl, ILxL O T 0 0
0 IL)(L ILXL E O 0 O
T R G)
0 0 0 o [LxL ]LxL 0
_ 0 0 0 U ]fo, ]Lxl,_

where [, , is an identity matrix having a size of Lx L.

[0057] That is, the matrix B may be a bit-wise dual diagonal matrix, or may be a
block-wise dual diagonal matrix having identity matrices as its blocks, as indicated by
Equation 3. The bit-wise dual diagonal matrix is disclosed in detail in Korean Patent

Application Publication No. 2007-0058438, etc.
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[0058] In particular, it will be apparent to those skilled in the art that when the matrix
B is a bit-wise dual diagonal matrix, it is possible to perform conversion into a Quasi-
cyclic form by applying row or column permutation to a PCM including the matrix B
and having a structure illustrated in FIG. 3.

[0059] In this case, N is the length of a codeword, and K is the length of information.
[0060] The present invention proposes a newly designed QC-LDPC code in which the
code rate thereof is 4/15 and the length of a codeword is 16200, as illustrated in the
following Table 1. That is, the present invention proposes an LDPC code that is
designed to receive information having a length of 4320 and generate an LDPC
codeword having a length of 16200.

[0061] Table 1 illustrates the sizes of the matrices A, B, C, D and Z of the QC-LDPC

code according to the present invention:

Table |
o Sizes
Code rate L.ength
A B C D 4
10800 x 10800 X 1080 x
4/15 16200 1080 x 4320 1080 x 1080
5400 10800 10800

[0062] The newly designed LDPC code may be represented in the form of a sequence
(progression), an equivalent relationship is established between the sequence and

matrix (parity bit check matrix), and the sequence may be represented, as follows:
Sequence Table

Ist row: 19 585 710 3241 3276 3648 6345 9224 9890 10841

2nd row: 181 494 894 2562 3201 4382 5130 5308 6493 10135

3rd row: 150 569 919 1427 2347 4475 7857 8904 9903

4th row: 1005 1018 1025 2933 3280 3946 4049 4166 5209

5th row: 420 554 778 6908 7959 8344 8462 10912 11099

6th row: 231 506 859 4478 4957 7664 7731 7908 8980

7th row: 179 537 979 3717 5092 6315 6883 9353 9935

8th row: 147 205 830 3609 3720 4667 7441 10196 11809

9th row: 60 1021 1061 1554 4918 5690 6184 7986 11296

10th row: 145 719 768 2290 2919 7272 8561 9145 10233

11st row: 388 590 852 1579 1698 1974 9747 10192 10255

12nd row: 231 343 485 1546 31554829 7710 10394 11336
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13rd row: 4381 5398 5987 9123 10365 11018 11153
[4th row: 2381 5196 6613 6844 7357 8732 11082

15th row: 1730 4599 5693 6318 7626 9231 10663
10063] An LDPC code that is represented in the form of a sequence is being widely

used in the DVB standard.
[0064] According to an embodiment of the present invention, an LDPC code presented

in the form of a sequence is encoded, as follows. It is assumed that there is an

information block S =(s,,s,,...,5,_,) having an information size K. The LDPC
encoder generates a codeword A=(4,4,4,...,4,,) having a size of

N =K+ M, +M, using the information block § having a size K. In this case,
M, =g, and M,=N-K-g . Furthermore, M, is the size of parity bits
corresponding to the dual diagonal matrix B, and M, is the size of parity bits
corresponding to the identity matrix D. The encoding process is performed, as
follows:
[0065] Initialization:

A =s, fori=0,l..,K-]

- - (4)
p;= 0for j=0,1,..M +M, -1

[0066] First information bit 4, is accumulated at parity bit addresses specified in the

Ist row of the sequence of the Sequence Table. For example, in an LDPC code having

a length of 16200 and a code rate of 4/15, an accumulation process 1s as follows:

Pio = Pio D A, Psgs = Psgs P A FP710 = Fr10 D A P3za1 = P41 D A 3276 = P3276 D A
Pieas = Pasag D Ay Pezas = Pezas DAy Porzs = Pora P A Posoo = Pogso P A Piosa1 = Piosar D A,

where the addition @ occurs in GF(2).
[0067] The subsequent L —1 information bits, that is, 4 ,m=12,.,L—1, are

accumulated at parity bit addresses that are calculated by the following Equation 5:
(x+mxQ,) modM, if x<M,
M +{(x—-M,+mxQ,) modM,} if x=M,

where x denotes the addresses of parity bits corresponding to the first information bit

/., that is, the addresses of the parity bits specified in the first row of the sequence of

(9)

the Sequence Table, QI.: M,/L,Q,=M,/L,and L=360. Furthermore, {), and 0,

10



CA 02864647 2014-09-25

are defined in the following Table 2. For example, for an LDPC code having a length
of 16200 and a code rate of 4/15, M, =1080, Q =3, M, =10800, O, =30 and

L =360, and the following operations are performed on the second bit A using

Equation 3:
Py = Poy DA Psag = Psgs DA, i3 = Pis DA P = Paon @ A4 306 = Pazos @A
D3s7s = Pasrs © 4 Ps375 = Pezrs DA Possy = Ponsa DA Posno = Pogpo DA Piogi1 = Piogr1 @ 4

[0068] Table 2 illustrates the sizes of M,, Q,, M, and Q, of the designed QC-LDPC

code:
Table 2
- o o o _*-SiZCS o o B
Code rate Length — — —
Ml M2 Ql Q2
4/15 16200 | 1080 10800 3 30

[0069] The addresses of parity bit accumulators for new 360 information bits from A4,

to A,,_, are calculated and accumulated from Equation 5 using the second row of the

sequence.
[0070] In a similar manner, for all groups composed of new L information bits, the
addresses of parity bit accumulators are calculated and accumulated from Equation 3

using new rows of the sequence.

[0071] After all the information bits from A, to A,_, have been exhausted, the

operations of the following Equation 6 are sequentially performed from i =1:
p,=p,®p_ tori=0l.. M ~1 (6)

[0072] Thereafter, when a parity interleaving operation, such as that of the following

Equation 7, is performed, parity bits corresponding to the dual diagonal matrix B are

generated:

Agrpass = Py sn T0r 0<s <L, 0t <0, (7)
[0073] When the parity bits corresponding to the dual diagonal matrix B have been

generated using K information bits A4,,4.....4,_,, parity bits corresponding to the

identity matrix D are generated using the M| generated parity bits A, A, seees Agips 1 -

[0074] For all groups composed of L information bits from A, to 4., , , the

addresses of parity bit accumulators are calculated using the new rows (starting with a

11
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row immediately subsequent to the last row used when the parity bits corresponding to
the dual diagonal matrix B have been generated) of the sequence and Equation 35, and
related operations are performed.

[0075] When a parity interleaving operation, such as that of the following Equation 8,

is performed after all the information bits from A, to 4,,, _, have been exhausted,

parity bits corresponding to the identity matrix D are generated:
[0076] Ay, viies = Passo, 50 Or0Ss <L, 0<1<(Q), (8)

[0077] FIG. 4 1s a block diagram 1illustrating an LDPC encoder according to an
embodiment of the present invention.

[0078] Referring to FIG. 4, the LDPC encoder according to this embodiment of the
present invention includes memory 310 and 320 and a processor 330.

[0079] The memory 310 is memory that is used to store an LDPC codeword having a
length of 16200 and a code rate of 4/13. '

[0080] The memory 320 i1s memory that is initialized to 0.
[0081] The memory 310 and the memory 320 may correspond to 4 (i=0,1,...N —1)

and p, (j=0,..,M + M, -1), respectively.
10082] The memory 310 and the memory 320 may correspond to various types of

hardware for storing sets of bits, and may correspond to data structures, such as an
array, a list, a stack and a queue. .

[0083] The processor 330 generates an LDPC codeword corresponding to information
bits by performing accumulation with respect to the memory 320 using a sequence
corresponding to a PCM.

[0084] In this case, the accumulation may be performed at parity bit addresses that are
updated using the sequence of the above Sequence Table.

[0085] In this case, the LDPC codeword may include a systematic part A4, A,,....4,_,

corresponding to the information bits and having a length ot 4320 (= K'), a first parity
part 4., A A corresponding to a dual diagonal matrix included in the PCM

Ko7 K412 7K+ M, -1
and having a length of 1080 ( =M,=g ), and a second parity part
A

K+M, "

A A corresponding to an identity matrix included in the PCM

K+M +12**2""K+M ,+M, -

and having a length of 10800 (= M, ).

12
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[0086] In this case, the sequence may have a number of rows equal to the sum

(4320/360+1080/360=15) of a value obtained by dividing the length of the systematic
part, that is, 4320, by a CPM size L corresponding to the PCM, that is, 360, and a

value obtained by dividing the length M, of the first parity part, that is, 1080, by 360.
[0087] As described above, the sequence may be represented by the above Sequence

Table.

[0088] In this case, the memory 320 may have a size corresponding to the sum
M, + M, of the length M, of the first parity part and the length M, of the second
parity part.

[0089] In this case, the parity bit addresses may be updated based on the results of

comparing each x of the previous parity bit addresses specified in respective rows of
the sequence with the length M, of the first parity part.

[0090] That is, the parity bit addresses may be updated using Equation 5. In this case,
x may be the previous parity bit addresses, m may be an information bit index that 1s

an integer larger than 0 and smaller than L, L may be the CPM size of the PCM, ¢

may be M, /L, M, may be the size of the first parity part, (), may be M, /L, and M,

may be the size of the second parity part.
[0091] In this case, it may be possible to perform the accumulation while repeatedly
changing the rows of the sequence by the CPM size L (=360) of the PCM, as

described above.

(0092] In this case, the first parity part Ag,Ag,jseAgin, - May be generated by

performing parity interleaving using the memory 310 and the memory 320, as

described in conjunction with Equation 7.

[0093] In this case, the second parity part A,y A s Acaen, -1 MAY be

generated by performing parity interleaving using the memory 310 and the memory

320 after generating the first parity part A, Ag 5. Ag iy - @nd then performing the

accumulation using the first parity part A, A¢ ... Ag,, -, and the sequence, as

described in conjunction with Equation s.
[0094] FIG. 5 is a block diagram illustrating an LDPC decoder according to an

embodiment of the present invention.

13
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[0095] Referring to FIG. 5, the LDPC decoder according to this embodiment of the

present invention may include a receiving unit 410 and a decoding unit 420.
[0096] The receiving unit 410 receives an LDPC codeword that has been encoded

using a sequence that corresponds to a PCM and 1s represented by the above Sequence
Table.

[0097] The decoding unit 420 restores information bits from the received LDPC
codeword by performing decoding corresponding to the PCM.

[0098] In this case, the sequence may be used to update the parity bit addresses of the
memory, and the parity bit addresses are used for accumulation that is performed to

generate parity bits corresponding to the LDPC codeword.
[0099] In this case, the LDPC codeword may include a systematic part A, A,...,4_,

corresponding to the information bits, a first parity part

A s A 150 A 1ag, 1 COTTESponding to a dual diagonal matrix included in the PCM, and a

second parity part A,y s Ag a oo A, aar, 1 COITESponding to an identity matrix

included in the PCM.
[001090] In this case, the parity bit addresses may be updated based on the results

of comparing each x of the previous parity bit addresses specified in respective rows
of the sequence with the length M, of the first parity part.

[00101] That is, the parity bit addresses may be updated using Equation 5. In
this case, x may be the previous parity bit addresses, m may be an intormation bit

index that is an integer larger than 0 and smaller than L, L may be the CPM size of
the PCM, O, may be M,/L, M, may be the size of the first parity part, (), may be

M,/ L,and M, may be the size of the second parity part.
[00102] FIG. 6 is an operation flowchart illustrating an LDPC encoding method

according to an embodiment of the present invention.

100103] Referring to FIG. 6, the LDPC encoding method according to this
embodiment of the present invention initializes the first memory that stores an LDPC
codeword having a length of 16200 and a code rate of 4/15, and second memory at step

S510.
[00104] In this case, step S510 may be performed using Equation 4.

14



CA 02864647 2014-09-25

[00105] Furthermore, in the LDPC encoding method according to this
embodiment of the present invention, an LDPC codeword corresponding to
information bits is generated by performing accumulation with respect to the second
memory using a sequence corresponding to a PCM at step S520.

[00106] In this case, the accumulation may be performed at parity bit addresses
that are updated using the sequence corresponding to the PCM.

[00107] In this case, the LDPC codeword may include a systematic part

Aos Ayseees Ao COrTEsponding to the information bits and having a length of 4320 (= K'),

a first parity part A, ,4,,,,..., 4¢,,, _ corresponding to a dual diagonal matrix included

in the PCM and having a length of 1080 (=AM, =g ), and a second parity part

/ﬁt1f<+M1 , /11{+M1+1s-"3

and having a length of 10800 (= M,).

(00108] In this case, the sequence may have a number of rows equal to the sum
(4320/360+1080/360=15) of a value obtained by dividing the length of the systematic
part, that 1s, 4320, by a CPM size L corresponding to the PCM, that 1s, 360, and a

value obtained by dividing the length M, of the first parity part, that is, 1080, by 360.

Ak +ar, 11, - COTTESPONAIng to an identity matrix included in the PCM

[00109] As described above, the sequence may be represented by the above

Sequence Table.
[00110] In this case, the parity bit addresses may be updated based on the resuits

of comparing each x of the previous parity bit addresses specified in respective rows

of the sequence with the length M, of the first parity part.
[00111] That 1s, the parity bit addresses may be updated using Equation 5. In

this case, x may be the previous parity bit addresses, m may be an information bit

index that 1s an integer larger than 0 and smaller than L, L may be the CPM size of
the PCM, O, may be M, /L, M, may be the size of the first parity part, (), may be

M,/L,and M, may be the size of the second parity part.

[00112] In this case, it may be possible to perform the accumulation while
repeatedly changing the rows of the sequence by the CPM size L (=360) of the PCM,

as described above.

[5
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[00113] In this case, the first parity part A, 4, ,,,..., 4., _, may be generated by

performing parity interleaving using the memory 310 and the memory 320, as
described 1n conjunction with Equation 7.

[00114] In this case, the second parity part A, , A 0 o1seees Agirs onr, o MAY be

generated by performing parity interleaving using the memory 310 and the memory

320 after generating the first parity part A,,4,,,,..., 4¢,,, _, and then performing the

accumulation using the first parity part Ag,Ac,,,....4,,, , and the sequence, as

described in conjunction with Equation 8.

[001135] FIG. 7 is a graph plotting the performance of a QC-LDPC code having a
length of 16200 and a code rate of 4/15 according to an embodiment of the present
invention against Ey/No.

[00116] The graph illustrated in FIG. 7 illustrates results that were obtained on
the assumption that a log-likelihood ratio (LLR)-based sum-product algorithm in
which binary phase shift keying (BPSK) modulation and 50 rounds of repetitive
decoding were performed was used for computational experiments. As illustrated in
FIG. 7, it can be seen that the designed code is away from the Shannon limit by about
1.1 dB at BER=10".

[00117] At least one embodiment of the present invention has the advantage of
providing a new LDPC codeword having a length of 16200 and a code rate of 4/15,
which is capable of being used for general purposes.

[00118] At least one embodiment of the present invention has the advantage of
providing an LDPC encoding technique that is capable of efficiently performing LDPC

encoding using a sequence having a number of rows equal to a value that is obtained
by dividing the sum of the length of the systematic part of an LDPC codeword, that is,

4320, and the length of the first parity part of the LDPC codeword, that is, 1080, by

360.
[00119] Although the specific embodiments of the present invention have been
disclosed for illustrative purposes, those skilled in the art will appreciate that various

modifications, additions and substitutions are possible without departing from the

scope and spirit of the invention as disclosed in the accompanying claims.
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CLAIMS:

1. A low density parity check (LDPC) encoder, comprising:

first memory configured to store an LDPC codeword having a length of

16200 and a code rate of 4/15;

o second memory configured to be initialized to 0; and

a processor configured to generate the LDPC codeword corresponding to
information bits by performing accumulation with respect to the second memory using a

sequence corresponding to a parity check matrix (PCM),
wherein the sequence is represented by the following Sequence Table:
10 Sequence Table
st row: 19 585 710 3241 3276 3648 6345 9224 9890 10841
2nd row: 181 494 894 2562 3201 4382 5130 5308 6493 10135
3rd row: 150 569 919 1427 2347 4475 7857 8904 9903
4th row: 1005 1018 1025 2933 3280 3946 4049 4166 5209
15 Sthrow: 420 554 778 6908 7959 8344 8462 10912 11099
6th row: 231 506 859 4478 4957 7664 7731 7908 8980
7th row: 179 537 979 3717 5092 6315 6883 9353 9935
8th row: 147 205 830 3609 3720 4667 7441 10196 11809
Oth row: 60 1021 1061 1554 4918 5690 6184 7986 11296

20 10th row: 145 719 768 2290 2919 7272 8561 9145 10233

11th row: 388 590 852 1579 1698 1974 9747 10192 10255
17
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12th row: 231 343 485 1546 3155 4829 7710 10394 11336
13th row: 4381 5398 5987 9123 10365 11018 11153

14th row: 2381 5196 6613 6844 7357 8732 11082

15th row: 1730 4599 5693 6318 7626 9231 10663.

2. The LDPC encoder of claim 1, wherein the LDPC codeword comprises a
systematic part corresponding to the information bits and having a length of 4320, a first
parity part corresponding to a dual diagonal matrix included in the PCM and having a length

of 1080, and a second parity part corresponding to an identity matrix included in the PCM
and having a length of 10800.

3. The LDPC encoder of claim 2, wherein the sequence has a number of rows
equal to a sum of a value obtained by dividing a length of the systematic part, that 1s, 4320,
by a circulant permutation matrix (CPM) size corresponding to the PCM, that is, 360, and a

value obtained by dividing a length of the first parity part, that 1s, 1080, by the CPM size.

4, The LDPC encoder of claim 1, wherein the accumulation is performed at

parity bit addresses that are updated using the sequence.

5. The LDPC encoder of claim 4, wherein the accumulation is performed while

the rows of the sequence are being repeatedly changed by the CPM size of the PCM.
6. A low density parity check (LDPC) encoding method, comprising:

~1nitializing first memory configured to store an LDPC codeword having a

length of 16200 and a code rate of 4/15, and second memory; and

generating the LDPC codeword corresponding to information bits by
performing accumulation with respect to the second memory using a sequence

corresponding to a parity check matrix (PCM),

- wherein the sequence 1s represented by the following Sequence Table:

18
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Sequence Table

Ist row: 19 585 710 3241 3276 3648 6345 9224 9890 10841
2nd row: 181'494 894 2562 3201 4382 5130 5308 6493 10135
3rd row: 150 569 919 1427 2347 4475 7857 8904 9903

4th row: 1005 1018 1025 2933 3280 3946 4049 4166 5209
dth row: 420 554 778 6908 7959 8344 8462 10912 11099
6th row: 231 506 859 4478 4957 7664 7731 7908 8980

Tth row: 179 537 979 3717 5092 6315 6883 9353 9935

8th row: 147 205 830 3609 3720 4667 7441 10196 11809
9th row: 60 1021 1061 1554 4918 5690 6184 7986 11296
10th row: 145 719 768 2290 2919 7272 8561 9145 10233
11th row: 388 590 852 1579 1698 1974 9747 10192 10255
12th row: 231 343 485 1546 3155 4829 7710 10394 11336

13th row: 4381 5398 5987 9123 10365 11018 11153
14th row: 2381 5196 6613 6844 7357 8732 11082
15th row: 1730 4599 5693 6318 7626 9231 10663.

7. The LDPC encoding method of claim 6, wherein the LDPC codeword
comprises a systematic part corresponding to the information bits and having a length of
4320, a first parity part corresponding to a dual diagonal matrix included in the PCM and

having a length of 1080, and a second parity part corresponding to an identity matrix

included in the PCM and having a length of 10800.
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8. The LDPC encoding method of claim 7, wherein the sequence has a number

of rows equal to a sum of a value obtained by dividing a length of the systematic part, that

is, 4320, by a circulant permutation matrix (CPM) size corresponding to the PCM, that 1s,

360, and a value obtained by dividing a length of the first parity part, that is, 1080, by the
5 CPMssize.

0. The LDPC encoding method of claim 8, wherein the accumulation 1s

performed at parity bit addresses that are updated using the sequence.

10. " The LDPC encoding method of claim 9, wherein the accumulation is
performed while the rows of the sequence are being repeatedly changed by the CPM size of
10 the PCM.

11. A transmitter for a broadcast signal, comprising;:

an LDPC encoder configured to generate an LDPC codeword having a length
of 16200 and a code rate of 4/15 by performing accumulation with respect to memory
initialized to 0, using a sequence corresponding to a parity check matrix (PCM), the LDPC

15 codeword corresponding to information bits; and

a modulator configured to modulate the LDPC codeword,

wherein the sequence is represented by the following Sequence Table:

Sequence Table

1st row: 19 585 710 3241 3276 3648 6345 9224 9890 10841

20 2nd row: 181 494 894 2562 3201 4382 5130 5308 6493 10135

3rd row: 150 569 919 1427 2347 4475 7857 8904 9903
4th row: 1005 1018 1025 2933 3280 3946 4049 4166 5209

Sth row: 420 554 778 6908 7959 8344 8462 10912 11099

20
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6th row: 231 506 859 4478 4957 7664 7731 7908 8980

7th row: 179 5'37 979 3717 5092 6315 6883 9353 9935
8th row: 14? 205 830 3609 3720 4667 7441 10196 11809
9th row: 60 1021 1061 1554 4918 5690 6184 7986 11296
10th row: 145 719 768 2290 2919 7272 8561 9145 10233
11th row: 388 590 852 1579 1698 1974 9747 10192 10255
12th row: 231 343 485 1546 3155 4829 7710 10394 11336

13th row: 4381 5398 5987 9123 10365 11018 11153

14th row: 2381 5196 6613 6844 7357 8732 11082

15th row: 1730 4599 5693 6318 7626 9231 10663.

12. The transmitter of claim 11, wherein the LDPC codeword comprises a
systematic part corresponding to the information bits and having a length of 4320, a first
parity part corresponding to a dual diagonal matrix included in the PCM and having a length

of 1080, and a second parity part corresponding to an identity matrix included in the PCM
and having a length of 10800.

13. The transmitter of claim 12, wherein the sequence has a number of rows
equal to a sum of a value obtained by dividing a length of the systematic part, that 1s, 4320,
by a circulant permutation matrix (CPM) size corresponding to the PCM, that 1s, 360, and a
value obtained by dividing a length of the first parity part, that is, 1080, by the CPM size.

14. The transmitter of claim 13, wherein the accumulation is performed at parity

bit addresses that are updated using the sequence.

15. The transmitter of claim 14, wherein the accumulation 1s performed while the

rows of the sequence are being repeatedly changed by the CPM size of the PCM.
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16. A broadcast signal transmission method, comprising:

generating an LDPC codeword having a length of 16200 and a code rate of
4/15 by performing accumulation with respect to memory initialized to 0, using a sequence
corresponding to a parity check matrix (PCM), the LDPC codeword corresponding to

information bits; and

modulating the LDPC codeword,

wherein the sequence is represented by the following Sequence Table:

Sequence Table

Ist row: 19 585 710 3241 3276 3648 6345 9224 9890 10841
2nd row: 181 494 894 2562 3201 4382 5130 5308 6493 10135
3rd row: 150 569 919 1427 2347 4475 7857 8904 9903
4th row: 1005 1018 1025 2933 3280 3946 4049 4166 5209
S5th row: 420 554 778 6908 7959 8344 8462 10912 11099
6th row: 231 506 859 4478 4957 7664 7731 7908 8980
7th row: 179 537979 3717 5092 6315 6883 9353 9935
8th row: 147 205 830 3609 3720 4667 7441 10196 11809
9th row: 60 1.021 1061 1554 4918 5690 6184 7986 11296
10th row: 145 719 768 2290 2919 7272 8561 9145 10233
11th row: 388 590 852 1579 1698 1974 9747 10192 10255

12th row: 231 343 485 1546 31554829 7710 10394 11336

13th row: 4381 5398 5987 9123 10365 11018 11153
22
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14th row: 2381 5196 6613 6844 7357 8732 11082

15th row: 1730 4599 5693 6318 7626 9231 10663.

17. - The broadcast signal transmission method of claim 16, wherein the LDPC
codeword comprises a systematic part corresponding to the information bits and having a
length of 4320, a first parity part corresponding to a dual diagonal matrix included in the
PCM and having a length of 1080, and a second parity part corresponding to an identity
matrix included in the PCM and having a length of 10800.

18. The broadcast signal transmission method of claim 17, wherein the sequence
has a number of rows equal to a sum of a value obtained by dividing a length of the
systematic part, that 1s, 4320, by a circulant permutation matrix (CPM) size corresponding
to the PCM, that 1s, 360, and a value obtained by dividing a length of the first parity part,
that 1s, 1080, by the CPM size.

19. The broadcast signal transmission method of claim 18, wherein the

accumulation 1s performed at parity bit addresses that are updated using the sequence.

20. The broadcast signal transmission method of claim 19, wherein the
accumulation is performed while the rows of the sequence are being repeatedly changed by

the CPM size of the PCM.
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