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Description

Title of Invention: METHOD AND APPARATUS FOR CHANNEL

[1]

[2]

[3]

[4]

[5]

[6]

ENCODING AND DECODING IN COMMUNICATION OR

BROADCASTING SYSTEM
Technical Field

The disclosure relates to a method and an apparatus for channel encoding and
decoding in a communication or broadcasting system. More particularly, the present
disclosure relates to low density parity check (LDPC) encoding/decoding methods and

apparatuses capable of supporting various input lengths and coding rates.

Background Art

To meet the demand for wireless data traffic having increased since deployment of
4th generation (4G) communication systems, efforts have been made to develop an
improved Sth generation (5G) or pre-5G communication system. Therefore, the 5G or
pre-5G communication system is also called a 'Beyond 4G Network' or a 'Post LTE
System'.

The 5G communication system is considered to be implemented in higher frequency
(mmWave) bands, e.g., 60GHz bands, so as to accomplish higher data rates. To
decrease propagation loss of the radio waves and increase the transmission distance,
the beamforming, massive multiple-input multiple-output (MIMO), full dimensional
MIMO (FD-MIMO), array antenna, an analog beam forming, large scale antenna
techniques are discussed in 5G communication systems.

In addition, in 5G communication systems, development for system network im-
provement is under way based on advanced small cells, cloud radio access networks
(RANS), ultra-dense networks, device-to-device (D2D) communication, wireless
backhaul, moving network, cooperative communication, coordinated multi-points
(CoMP), reception-end interference cancellation and the like.

In the 5G system, hybrid frequency shift keying (FSK) and quadrature amplitude
modulation (QAM) (FQAM) and sliding window superposition coding (SWSC) as an
advanced coding modulation (ACM), and filter bank multi carrier (FBMC), non-
orthogonal multiple access (NOMA), and sparse code multiple access (SCMA) as an
advanced access technology have been developed.

In communication or broadcasting systems, the link performance may be degraded
significantly due to various noises of a channel, fading phenomena, and inter-symbol
interference (ISI). Therefore, in order to realize high-speed digital communication or
broadcasting systems, such as next generation mobile communication, digital

broadcasting, and mobile Internet, that require high data throughput and reliability, it is
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required to develop techniques for overcoming noises, fading, and ISI. As one of such
techniques, an error-correcting code capable of efficiently restoring the distortion of in-
formation and improving the reliability of communication has been studied in these
days.

The above information is presented as background information only to assist with an
understanding of the disclosure. No determination has been made, and no assertion is
made, as to whether any of the above might be applicable as prior art with regard to the

disclosure.
Disclosure of Invention

Technical Problem

Aspects of the disclosure are to address at least the above-mentioned problems and/or
disadvantages and to provide at least the advantages described below. Accordingly, an
aspect of the disclosure is to provide low density parity check (LDPC) encoding/
decoding methods and apparatuses capable of supporting various input lengths and
coding rates.

Another aspect of the disclosure is to provide an LDPC code design method, together
with encoding/decoding methods and related apparatuses, suitable for a case where an
information word has a short length of about 100 bits or less and a coding rate is prede-
termined.

Additional aspects will be set forth in part in the description which follows and, in
part, will be apparent from the description, or may be learned by practice of the
presented embodiments.

The disclosure proposes a method for designing an LDPC code capable of supporting
various lengths and coding rates by simultaneously considering a lifting technique and
a trapping set characteristic.

The disclosure proposes a method for designing a dedicated LDPC code suitable for
a case where the number of information word bits is small and a coding rate is fixed.
Solution to Problem

In accordance with an aspect of the disclosure, a channel encoding method of a
transmitter in a communication system is provided. The channel encoding method
includes identifying a block size (Z) and a shift value sequence, and performing LDPC
encoding on a bit sequence of a code block based on the block size and the shift value
sequence, and transmitting encoded bit sequence to a receiver, wherein the shift value
sequence associated with circular shift values of a block is predetermined, and wherein
the block is a permutation matrix of size ZXZ.

In accordance with another aspect of the disclosure, a channel decoding method of a

receiver in a communication system is provided. The channel decoding method
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includes identifying a block size (Z) and a shift value sequence, and performing LDPC
decoding on a demodulated received signal based on the block size (Z) and the shift
value sequence, wherein the shift value sequence associated with circular shift values
of a block is predetermined, and wherein the block is a permutation matrix of size

ZX7Z.
In accordance with another aspect of the disclosure, a transmitter in a communication

system is provided. The transmitter includes a transceiver, and at least one processor
coupled with the transceiver and configured to control to identify a block size (Z) and a
shift value sequence, perform LDPC encoding on a bit sequence of a code block based
on the block size and the shift value sequence, and transmit encoded bit sequence to a
receiver, wherein the shift value sequence associated with circular shift values of a
block is predetermined, and wherein the block is a permutation matrix of size ZXZ.

In accordance with another aspect of the disclosure, a receiver in a communication
system is provided. The receiver includes a transceiver, and at least one processor
coupled with the transceiver and configured to control to identify a block size (Z) and a
shift value sequence, and perform LDPC decoding on a demodulated received signal
based on the block size (Z) and the shift value sequence, wherein the shift value
sequence associated with circular shift values of a block is predetermined, and wherein

the block is a permutation matrix of size ZXZ.

Advantageous Effects of Invention

According to various embodiments of the disclosure, it is possible to support ef-
ficiently LDPC codes with respect to variable lengths and variable rates.

Other aspects, advantages, and salient features of the disclosure will become apparent
to those skilled in the art from the following detailed description, which, taken in con-
junction with the annexed drawings, discloses various embodiments of the disclosure.
Brief Description of Drawings

The above and other aspects, features, and advantages of certain embodiments of the
disclosure will be more apparent from the following description taken in conjunction
with the accompanying drawings, in which:

FIG. 1 is a diagram illustrating a structure of a systematic low density parity check
(LDPC) codeword according to an embodiment of the disclosure;

FIG. 2 is a diagram illustrating a graph representation method of an LDPC code
according to an embodiment of the disclosure;

FIGS. 3A and 3B are diagrams illustrating cycle characteristics of a quasi-cyclic low
density parity code (QC-LDPC) code according to various embodiments of the
disclosure;

FIG. 4 is a block diagram illustrating a transmitting apparatus according to an em-
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bodiment of the disclosure;

FIG. 5 is a block diagram illustrating a receiving apparatus according to an em-
bodiment of the disclosure;

FIGS. 6A and 6B are message structure diagrams illustrating a message passing
operation at a check node and a variable node for LDPC decoding according to various
embodiments of the disclosure;

FIG. 7 is a block diagram illustrating an LDPC encoder according to an embodiment
of the disclosure;

FIG. 8 is a block diagram illustrating an LDPC decoder according to an embodiment
of the disclosure;

FIG. 9 is a block diagram illustrating a configuration of a decoding apparatus
according to an embodiment of the disclosure;

FIG. 10 is a diagram illustrating a structure of a transport block according to an em-
bodiment of the disclosure;

FIG. 11 is a flow diagram illustrating an LDPC encoding process according to an
embodiment of the disclosure;

FIG. 12 is a flow diagram illustrating an LDPC decoding process according to an
embodiment of the disclosure;

FIG. 13 is a flow diagram illustrating an LDPC encoding process according to an
embodiment of the disclosure;

FIG. 14 is a flow diagram illustrating an LDPC decoding process according to an
embodiment of the disclosure;

FIG. 15 is a flow diagram illustrating an LDPC encoding process according to an
embodiment of the disclosure;

FIG. 16 is a flow diagram illustrating an LDPC decoding process according to an
embodiment of the disclosure;

FIG. 17 is a flow diagram illustrating an LDPC encoding process according to an
embodiment of the disclosure;

FIG. 18 is a flow diagram illustrating an LDPC decoding process according to an
embodiment of the disclosure;

FIGS. 19A, 19B, 19C, 19D, 19E, 19F, 19G, 19H, 191, and 19J are diagrams il-
lustrating an LDPC code base matrix according to various embodiments of the
disclosure;

FIGS. 20A, 20B, 20C, 20D, 20E, 20F, 20G, 20H, 20I, and 20J are diagrams il-
lustrating an LDPC code exponential matrix according to various embodiments of the
disclosure;

FIGS. 21A, 21B, 21C, and 21D are diagrams illustrating an LDPC code exponential

matrix according to various embodiments of the disclosure;
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FIGS. 22A, 22B, 22C, and 22D are diagrams illustrating an LDPC code exponential

matrix according to various embodiments of the disclosure;
FIGS. 23A, 23B, 23C, and 23D are diagrams illustrating an LDPC code exponential

matrix according to various embodiments of the disclosure;

FIGS. 24A, 24B, 24C, and 24D are diagrams illustrating an LDPC code exponential
matrix according to various embodiments of the disclosure; and

FIGS. 25A, 25B, 25C, and 25D are diagrams illustrating an LDPC code exponential
matrix according to various embodiments of the disclosure.

Throughout the drawings, it should be noted that like reference numbers are used to

depict the same or similar elements, features, and structures.

Mode for the Invention

The following description with reference to the accompanying drawings is provided
to assist in a comprehensive understanding of various embodiments of the disclosure as
defined by the claims and their equivalents. It includes various specific details to assist
in that understanding but these are to be regarded as merely exemplary. Accordingly,
those of ordinary skill in the art will recognize that various changes and modifications
of the various embodiments described herein can be made without departing from the
scope and spirit of the disclosure. In addition, descriptions of well-known functions
and constructions may be omitted for clarity and conciseness.

The terms and words used in the following description and claims are not limited to
the bibliographical meanings, but, are merely used by the inventor to enable a clear and
consistent understanding of the disclosure. Accordingly, it should be apparent to those
skilled in the art that the following description of various embodiments of the
disclosure is provided for illustration purpose only and not for the purpose of limiting
the disclosure as defined by the appended claims and their equivalents.

"o

It is to be understood that the singular forms "a,"” "an," and "the" include plural
referents unless the context clearly dictates otherwise. Thus, for example, reference to
"a component surface” includes reference to one or more of such surfaces.

By the term "substantially” it is meant that the recited characteristic, parameter, or
value need not be achieved exactly, but that deviations or variations, including for
example, tolerances, measurement error, measurement accuracy limitations and other
factors known to those of skill in the art, may occur in amounts that do not preclude the
effect the characteristic was intended to provide.

The advantages and features of the disclosure and the manner of achieving them will
become apparent with reference to various embodiments to be described below with
reference to the accompanying drawings. The disclosure may, however, be embodied

in many different forms and should not be construed as limited to various em-
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bodiments set forth herein. Rather, these embodiments are provided to fully convey the
subject matter of this disclosure to those skilled in the art. Like reference numerals
refer to like elements throughout this disclosure.

A low density parity check (LDPC) code, first introduced by Gallager in the 1960s,
has been long forgotten due to the complexity of implementation. However, as a turbo
code proposed by Berrou, Glavieux, and Thitimajshima in 1993 showed performance
close to the channel capacity of Shannon, many interpretations about the performance
and characteristics of the turbo code were made, and also many studies of channel
encoding based on iterative decoding and graph were performed. Motivated by this, the
LDPC code was studied again in the late 1990s. As a result, it was found that the
LDCP code as well has performance close to the channel capacity of Shannon when
iterative decoding based on a sum-product algorithm is applied on the Tanner graph
corresponding to the LDPC code.

In general, the LDPC code is defined as a parity-check matrix and may be rep-
resented using a bipartite graph, which is commonly referred to as a Tanner graph.

FIG. 1 is a diagram illustrating a structure of a systematic LDPC codeword according
to an embodiment of the disclosure.

Referring to FIG. 1, LDPC encoding is performed on input of an information word
102 including Kldpc bits or symbols, so that a codeword 100 including Nldpc bits or
symbols is generated. Hereinafter, for convenience of explanation, it is assumed that
the codeword 100 including Nldpc bits is generated by receiving the information word
102 including Kldpc bits. For example, when the information word 102 of Kldpc input
bits, 7— [0 izt gy, ] is subjected to LDPC encoding, the codeword 100,

c=[cpe,Cy....cn ] 18 generated. For example, each of the information word and the
> > Jdpe™

codeword is a bit string including a plurality of bits, and thus an information word bit
or a codeword bit means each bit constituting the information word or the codeword.

Typically, when a codeword includes an information word, i.e.,

C=leoc160-m0n, 11T Mo i1l ik, 1PoP 1 P2 P N, -k, 1] this is referred to

tdps ™ Pigpe

as a systematic code. Here, p— [Pop 1P _,] 1s parity bits 104, and the

o jp Mdpc-&a‘pc

number of parity bits may be represented as Ny = Nigpe - Kigpe.

The LDPC code is a type of linear block code and includes a process of determining
a codeword that satisfies the following Equation 1.

[Equation 1]
B

1)
1 H

N e
Hec'=[h hyhy .y, 1] c' = 20

=0
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c:[coyclscz’...,c%pc_l]

In Equation 1, H denotes a parity check matrix, C denotes a codeword, c; denotes the
i-th bit of a codeword, and Nyq4,. denotes an LDPC codeword length. Here, h; denotes
the i-th column of the parity check matrix H.

The parity check matrix H is including N4, columns equal to the number of bits of
the LDPC codeword. Equation 1 means that the sum of products of the i-th column hi
of the parity check matrix and the i-th codeword bit c; is zero, thus meaning that the i-
th column hi is related to the i-th codeword bit c;.

Now, a graphical representation method of an LDPC code will be described with
reference to FIG. 2.

FIG. 2 illustrates a parity check matrix H; of an LDPC code, including four rows and
eight columns, and a Tanner graph thereof according to an embodiment of the
disclosure.

Referring to FIG. 2, the parity check matrix H; having eight columns generates a
codeword having a length of 8. A code generated through H; means an LDPC code,
and each column corresponds to encoded 8 bits.

Referring to FIG. 2, the Tanner graph of the LDPC code for encoding and decoding
based on the parity check matrix H; includes eight variable nodes, i.e., x1 202, x2 204,
x3 206, x4 208, x5 210, x6 212, x7 214, and x8 216, and four check nodes 218, 220,
222, and 224. Here, the i-th column and the j-th row of the parity check matrix H; of
the LDPC code correspond to the variable node xi and the j-th check node, re-
spectively. The value of 1, that is, a value other than 0, at the intersection of the i-th
column and the j-th row in the parity check matrix H; of the LDPC code means that
there is an edge (or referred to as a segment) connecting the variable node xi and the j-
th check node in the Tanner graph.

FIGS. 3A and 3B are diagrams illustrating cycle characteristics of a quasi-cyclic low
density parity code (QC-LDPC) code according to various embodiments of the
disclosure.

Referring to FIGS. 3A and 3B, in the Tanner graph of the LDPC code, the degree of
each of the variable node and the check node means the number of edges connected to
each node, and this is equal to the number of non-zero entries (or referred to as non-
zero elements) in the column or row corresponding to a relevant node in the parity
check matrix of the LDPC code. For example, in FIG. 2, the degrees of the variable
nodes 202, 204, 206, 208, 210, 212, 214, and 216 are 4, 3, 3, 3,2, 2, 2, and 2, re-
spectively, and the degrees of the check nodes 218, 220, 222, and 224 are 6, 5, 5, and
5, respectively. In addition, in FIG. 2, the numbers of non-zero entries in the respective

columns of the parity check matrix H; corresponding to the variable nodes are equal to
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the above degrees 4, 3, 3, 3, 2, 2, 2, and 2, respectively, and the numbers of non-zero
entries in the respective rows of the parity check matrix H; corresponding to the check
nodes are equal to the above degrees 6, 5, 5, and 5, respectively.

The LDPC code may be decoded using an iterative decoding algorithm based on a
sum-product algorithm on the bipartite graph shown in FIG. 2. Here, the sum-product
algorithm is a kind of message passing algorithm, which indicates an algorithm for ex-
changing messages through an edge on the bipartite graph and performing update by
calculating an output message from messages inputted to the variable node or the
check node.

Here, the value of the i-th encoded bit may be determined, based on a message of the
i-th variable node. The value of the i-th encoded bit is available for both a hard
decision and a soft decision. Therefore, the performance of the i-th bit ci of the LDPC
codeword corresponds to the performance of the i-th variable node of the Tanner
graph, and this may be determined according to the position and number of 1s in the i-
th column of the parity check matrix. For example, the performance of the Nldpc
codeword bits of the codeword may depend on the position and number of 1s of the
parity check matrix. This means that the performance of the LDPC code is greatly
affected by the parity check matrix. Therefore, a method for designing a good parity
check matrix is needed to design the LDPC code with excellent performance.

In the communication or broadcasting systems, a quasi-cyclic LDPC code
(QC-LDPC code) using a parity check matrix of a quasi-cyclic form is used typically
for easy implementation.

The QC-LDPC code is characterized by having a parity check matrix including zero
matrices or circulant permutation matrices, which have a small square matrix form.
Here, the permutation matrix means a matrix in which each row or column contains
only single entry of 1 and the other entries of 0. The circulant permutation matrix
means a matrix obtained by circularly shifting all entries of the identity matrix to the
right.

Hereinafter, the QC-LDPC code will be described.

First, a circulant permutation matrix, P = (P;), having a size of LXL is defined as
shown in Equation 2. Here, Pij (0 <1, j < L) denotes an entry (or referred to as an
element) of the i-th row and the j-th column in the matrix P.

[Equation 2]

Pz;f:{ 1 if i+1=jmodL

0 otherwise

With respect to the permutation matrix P defined as above, P; (0 <i<L)isa

circulant permutation matrix obtained by circularly shifting respective entries of the

identity matrix having a size of LXL rightward by i times.
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A parity check matrix H of the simplest QC-LDPC code may be represented in the

form of the following Equation 3.

[Equation 3]
Pau Parz ce Pain
PaQi Pam e Pﬂzn
H =
Pavmi PamQ - pamn

If Pi is defined as a zero matrix having a size of LXL, each exponent a;; of the
circulant permutation matrix or the zero matrix in Equation 3 has one of values {-1, 0,
1,2, ..., L-1}. In addition, the parity check matrix H of Equation 3 has a size of
mLXnL because of having n column blocks and m row blocks.

If the parity check matrix of Equation 3 has a full rank, the size of information word
bits of a QC-LDPC code corresponding to the parity check matrix becomes (n-m)XL.
For convenience, (n-m) column blocks corresponding to information word bits are
referred to as information word column blocks, and m column blocks corresponding to
the remaining parity bits are referred to as parity column blocks.

Normally, a binary matrix having a size of mXn obtained by replacing the circulant
permutation matrix and the zero matrix by 1 and 0, respectively, in the parity check
matrix of Equation 3 is referred to as a mother matrix or base matrix M(H) of the
parity check matrix H. In addition, an integer matrix having a size of mXn obtained as
shown in Equation 4 by selecting exponents of the circulant permutation matrix and
the zero matrix is referred to as an exponential matrix E(H) of the parity check matrix
H.

[Equation 4]
ay; Q2 -+ Qin
Gz1 Q22 -  Q2n
EH) =
| QGm1 Qm2 " Qmn

As aresult, one integer included in the exponential matrix corresponds to the
circulant permutation matrix in the parity check matrix, so that the exponential matrix
may be represented as an integer sequence for convenience. This sequence will be
referred as an LDPC sequence or an LDPC code sequence to distinguish it from
another sequence. In general, the parity check matrix may be represented not only as
the exponential matrix but also as a sequence having the same characteristics alge-
braically. In this disclosure, the parity check matrix is represented as an exponential

matrix or a sequence that indicates the positions of 1s in the parity check matrix.
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However, because there are various sequence notation methods for distinguishing the
positions of 1s or Os included in the parity check matrix, it is possible to alternatively
represent a variety of sequence forms that exhibit the same effect algebraically.

In addition, a transmitting/receiving apparatus of a device may directly generate the
parity check matrix to perform LDPC encoding and decoding. However, depending on
characteristics of implementation, the LDPC encoding and decoding may be performed
using the exponential matrix or sequence having the same algebraic effect as the parity
check matrix has. Therefore, although the encoding and decoding using the parity
check matrix are described for convenience in this disclosure, the disclosure may be
implemented actually in a device through various methods capable of achieving the
same effect as the parity check matrix does.

For reference, the same algebraic effect means that two or more different repre-
sentations are completely identical or converted to each other logically or mathe-
matically.

Although described in this disclosure is only a case where the circulant permutation
matrix corresponding to one block is single, the disclosure may be equally applied to
another case where a plurality of circulant permutation matrices are included in one
block. For example, when the sum of two circulant permutation matrices
P aél) P aé_ 2 is included in one position of the i-th row block and the j-th column

E
block as shown in Equation 5, the exponential matrix may be expressed as shown in
Equation 6. As seen from Equation 6, two integers are contained in a position of the i-
th row and the j-th column that correspond to the above position containing the sum of
circulant permutation matrices.

[Equation 5]

-
-
-

* .
» .
»
LA [T 2T

EEERY  yeaww

-
»
.

L]

*
*
senaw
rervs

»
-
-

[Equation 6]
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----------

EH) =| - (au, ”

---------------

Although the QC-LDPC code normally allows a plurality of circulant permutation
matrices to correspond to one row/column block in the parity check matrix as
described above, the disclosure will describe only a case where one circulant per-
mutation matrix corresponds to one block. This, however, is not to be construed as a
limitation. For reference, a matrix having a size of LXL in which a plurality of
circulant permutation matrices are overlapped in one row/column block is referred to
as a circulant matrix or circulant.

Meanwhile, a mother matrix or a base matrix for the parity check matrix and the ex-
ponential matrix of Equations 5 and 6 means a binary matrix obtained by replacing the
circulant permutation matrix and the zero matrix by 1 and 0O, respectively, similarly to
the definition used in Equation 3. In addition, the sum of a plurality of circulant per-
mutation matrices included in one block (i.e., a circulant matrix) is replaced simply by
1.

Because the performance of the LDPC code is determined according to the parity
check matrix, it is necessary to design the parity check matrix for the LDPC code
having excellent performance. In addition, there is a need for an LDPC encoding or
decoding method capable of supporting various input lengths and coding rates.

Lifting refers to a method used not only for efficiently designing the QC-LDPC code
but also for generating the parity check matrices or LDPC codewords of various
lengths from a given exponential matrix. For example, the lifting may be applied to ef-
ficiently design a very large parity check matrix by setting an L. value that determines
the size of the circulant permutation matrix or the zero matrix from a given small
mother matrix according to a specific rule, or is used to generate the parity check
matrices or LDPC codewords having various lengths by applying an appropriate L.
value to a given exponential matrix or corresponding sequence.

A typical lifting method and the characteristics of the QC-LDPC code designed
through lifting are hereinafter described with reference to the following reference
[Myung2006]:

Reference [Myung2006]

S. Myung, K. Yang, and Y. Kim, "Lifting Methods for Quasi-Cyclic LDPC Codes",
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IEEE Communications Letters. vol. 10, pp. 489-491, June 2006.

When an LDPC code C, is given, it is assumed that S QC-LDPC codes to be
designed through the lifting method are Cy, ..., Cg, and that the size of a row block and
a column block of a parity check matrix of each QC-LDPC code has a value of Lk.
Here, C, corresponds to the smallest LDPC code having a mother matrix of Cy, ..., Cs
codes as a parity check matrix, and a value of L, corresponding to the size of a row
block and a column block is 1. In addition, a parity check matrix Hy of each code C;

i i _® i ) i
has an exponential matrix EUT)—(e®) of a size mXn, and each exponent e is

selected as one of values {-1,0, 1, 2, ..., Li-1}.

The typical lifting method consists of operations Cy — C; — ... — Cs and has charac-
teristics that satisfy a condition Ly, = qus1li (qs 1S a positive integer, k =0, 1, ..., S-1).
If only a parity check matrix Hs of Cs is stored according to the characteristics of the
lifting process, all the QC-LDPC codes Cy, C;, ..., Cs can be represented using the
following Equation 7 according to the lifting method.

[Equation 7]

Lk or
EHHD=| — E(HY |
Lg

[Equation 8]

E(H )=E(Hg)modL,

Not only a method of designing large QC-LDPC codes C,, ..., Cs from C, but also a
method of designing small codes C; (i =k-1, k-2, ..., 1, 0) from a large code Ci by
using a suitable technique, such as Equation 7 or 8 is called lifting.

According to the lifting method of Equation 7 or 8, the Ly corresponding to the size
of row block or column block in the parity check matrix of each QC-LDPC code Cy
has a multiple relation with each other, and also an exponential matrix is selected by a
specific manner. The typical lifting method improves the algebraic or graph charac-
teristics of each parity check matrix designed through lifting, thus allowing an easy
design of the QC-LDPC code with an improved error floor feature.

However, because respective L values are in a multiple relation, there is a dis-
advantage that the length of each code is greatly limited. For example, when it is
assumed that the minimum lifting scheme, such as L,,; =2 x Ly is applied to each L
value, the size of a parity check matrix of each QC-LDPC code may have only a size
of 2smX2n. For example, when the lifting is applied in 10 operations (S=10), ten sizes
of a parity check matrix may be generated. This means that it is possible to support the
QC-LDPC codes having ten kinds of lengths.

For this reason, the typical lifting method is somewhat disadvantageous in designing

the QC-LDPC code that supports various lengths. However, commonly used commu-
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nication systems require a very high level of length compatibility based on various
types of data transmission. For this reason, the LDPC coding technique based on the
typical lifting method has a problem that it is difficult to apply to communication
systems.

In order to address such an issue, the disclosure uses the following lifting method.

Normally, the lifting may be considered to vary the values of entries in the ex-
ponential matrix of Equation 4 with respect to various L values in order to use it for
LDPC encoding and decoding. For example, when the exponential matrix of Equation

4 1is = ( a ), and when the exponential matrix converted according to an L.
Lf

value is o (I).» aconversion equation, such as Equation 9 may be applied
E;=(a ij )
in general.
[Equation 9]

SO ay a; <0 of
Y {j(aiJ,L) a; ;=0

_(L_):{ a; a;<0
Y ﬂaiJaL) aiJ>O

In Equation 9, may be defined in various forms. For example, definitions
W AL P

as shown in the following Equation 10 may be used.
[Equation 10]
L
flx.L)y=mod(x,2

log, 2| or

)

x or
flx.L)= [W |

_| L
f(x,L)—leJ

In Equation 10, mod(a,b) denotes a modulo-b operation for a, and D denotes a
constant that is a predefined positive integer.

Although the criterion for applying a conversion formula ' in Equation 9 uses zero
for convenience, a criterion value may be set differently depending on a block size L to
be supported.

FIG. 4 is a block diagram illustrating a transmitting apparatus according to an em-
bodiment of the disclosure.

Referring to FIG. 4, in order to process variable-length input bits, an transmitting

apparatus (or transmitter) 400 may include a segmentation unit 410, a zero padding
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unit 420, an LDPC encoder 430, a rate matching unit 440, and a modulator 450. The
rate matching unit 440 may include an interleaver 441 and a puncturing/repetition/zero
elimination unit 442.

Elements shown in FIG. 4 are configured to perform encoding and modulation for
variable-length input bits. Some of these elements may be omitted or replaced or any
other element may be added.

Meanwhile, the transmitting apparatus 400 may determine required parameters (e.g.,
input bit length, modulation and code rate (ModCod), parameter for zero padding (or
shortening), coding rate and/or codeword length of LDPC code, parameter for in-
terleaving, parameter for repetition and puncturing, modulation scheme), and perform
encoding on the basis of the determined parameters before transmission to a reception
apparatus 500.

The number of input bits is variable. Therefore, if the number of input bits is greater
than a predetermined value, the input bits may be segmented to have a length equal to
or smaller than the predetermined value. In addition, each segmented block may
correspond to one LDPC encoded block. If the number of input bits is equal to or
smaller than the predetermined value, no segmentation is performed. In this case, the
input bits may correspond to one LDPC encoded block.

The transmitting apparatus 400 may store various parameters used for encoding, in-
terleaving, and modulation. The parameters used for encoding may be a coding rate of
the LDPC code, a codeword length, and information about the parity check matrix. The
parameters used for interleaving may be information about an interleaving rule, and the
parameters used for modulation may be information about a modulation scheme.
Further, information about puncturing may be a puncturing length, and information
about repetition may be a repetition length. The information about the parity check
matrix may include an exponent value of the circulant matrix when the parity matrix
proposed in the disclosure is used.

In this case, the respective elements constituting the transmitting apparatus 400 may
perform an operation using the above-mentioned parameters.

Although not shown, the transmitting apparatus 400 may further include a controller
(not shown) for controlling the operation of the transmitting apparatus 400.

FIG. 5 is a block diagram illustrating a receiving apparatus according to an em-
bodiment of the disclosure.

Referring to FIG. 5, in order to process variable-length information, a receiving
apparatus (or receiver) 500 may include a demodulator 510, a rate dematching unit
520, an LDPC decoder 530, a zero elimination unit 540, and a desegmentation unit
550. The rate dematching unit 520 may include a log likelihood ratio (LLR) insertion
unit 522, an LLR combiner 523, a deinterleaver 524, and the like.
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Elements shown in FIG. 5 are configured to perform functions of the receiving
apparatus. Some of these elements may be omitted or replaced or any other element
may be added.

The parity check matrix disclosed herein may be read using a memory, be given in
advance in the transmitting apparatus or the receiving apparatus, or be directly
generated by the transmitting apparatus or the receiving apparatus. In addition, the
transmitting apparatus may store or generate a sequence or exponential matrix corre-
sponding to the parity check matrix, and apply it to encoding. Similarly, the receiving
apparatus may store or generate a sequence or exponential matrix corresponding to the
parity check matrix, and apply it to decoding.

Hereinafter, a receiver operation will be described with reference to FIG. 5.

The demodulator 510 demodulates a signal received from the transmitting apparatus
400.

Specifically, the demodulator 510, which is an element corresponding to the
modulator 450 of the transmitting apparatus 400, demodulates a signal received from
the transmitting apparatus 400 and then generates values corresponding to bits
transmitted from the transmitting apparatus 400.

For this, the receiving apparatus 500 may previously store information about a
modulation scheme used by the transmitting apparatus 400 depending on a mode.
Therefore, depending on a mode, the demodulator 510 may demodulate a signal
received from the transmitting apparatus 400 and generate values corresponding to
LDPC codeword bits.

Meanwhile, a value corresponding to bits transmitted from the transmitting apparatus
400 may be a LLR value.

Specifically, the LLR value may be represented by the logarithm of the ratio of a
probability that a bit transmitted from the transmitting apparatus 400 is zero, to a
probability that the bit is one. Alternatively, the LLR value may be a bit value itself, or
be a representative value determined according to an interval to which a probability
that a bit transmitted from the transmitting apparatus 400 is O or 1 belongs.

The demodulator 510 has a function of performing multiplexing (not shown) on the
LLR value. Specifically, a multiplexer (MUX) (not shown), which is an element corre-
sponding to a bit demultiplexer (deMUX) (not shown) of the transmitting apparatus
400, may perform an operation corresponding to that of the bit deMUX.

For this, the receiving apparatus 500 may previously store information about pa-
rameters used for demultiplexing and block interleaving by the transmitting apparatus
400. Therefore, the MUX (not shown) may inversely perform the demultiplexing and
block interleaving operation performed by the bit deMUX with respect to the LLR

value corresponding to a cell word (i.e., information indicating a receiving symbol for
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the LDPC codeword as a vector value), and multiplex the LLR value corresponding to
the cell word in a bit unit.

The rate dematching unit 520 may insert a certain LLR value into an LLR value
output of the demodulator 510. For example, the rate dematching unit 520 may insert
predetermined LLR values between LLR values outputted from the demodulator 510.

Specifically, the rate dematching unit 520 is an element corresponding to the rate
matching unit 440 of the transmitting apparatus 400, and may perform operations cor-
responding to the interleaver 441 and the puncturing/repetition/zero elimination unit
442.

The LLR insertion unit 522 of the rate dematching unit 520 may insert an LLR value
corresponding to zero bits in positions where the zero bits have been padded in the
LDPC codeword. In this case, the LLR value corresponding to the padded zero bits,
i.e., shortened zero bits, may be positive infinity (co) or negative infinity (-co8).
However, this is theoretical, and actually the LLR value corresponding to the padded
zero bits may be the maximum or minimum value of LLR values used in the receiving
apparatus 500.

For this, the receiving apparatus 500 may previously store information about pa-
rameters used for padding the zero bits by the transmitting apparatus 400. Therefore,
the rate dematching unit 520 may identify the positions where the zero bits have been
padded in the LDPC codeword, and then insert the LLR value corresponding to the
shortened zero bits in the identified positions.

In addition, the LLR insertion unit 522 of the rate dematching unit 520 may insert an
LLR value corresponding to punctured bits in positions of the punctured bits in the
LDPC codeword. In this case, the LLR value corresponding to the punctured bits may
be zero.

For this, the receiving apparatus 500 may previously store information about pa-
rameters used for puncturing by the transmitting apparatus 400. Therefore, the LLR
insertion unit 522 may insert the corresponding LLR value in positions where the
LDPC parity bits are punctured.

The LLR combiner 523 of the rate dematching unit 520 may combine (i.e., sum up)
the LLR values outputted from the LLR insertion unit 522 and the demodulator 510.
Specifically, the LLR combiner 523 which is an element corresponding to the
puncturing/repetition/zero elimination unit 442 of the transmitting apparatus 400 may
perform an operation corresponding to repetition. First, the LLR combiner 523 may
combine an LLR value corresponding to repeated bits with other LLR value. Here, the
other LLR value may be an LLR value for bits used as basis of generating the repeated
bits by the transmitting apparatus 400, namely, for LDPC parity bits that have been

selected for repetition.
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For example, as described above, the transmitting apparatus 400 selects bits from
LDPC parity bits, repeats the selected bits between the LDPC information word bits
and the LDPC parity bits, and transmits the repeated bits to the receiving apparatus
500.

Therefore, the LLR value for the LDPC parity bits may be including an LLR value
for repeated LDPC parity bits and an LLR value for non-repeated LDPC parity bits
(i.e., LDPC parity bits generated by encoding). Thus, the LLR combiner 523 may
combine the LLR values with the same LDPC parity bits.

For this, the receiving apparatus 500 may previously store information about pa-
rameters used for repetition by the transmitting apparatus 400. Therefore, the LLR
combiner 523 may identify an LLR value for the repeated LDPC parity bits and
combine the identified LLR value with an LLR value for LDPC parity bits on which
the repetition is based.

In addition, the LLR combiner 523 may combine an LLR value corresponding to re-
transmission or increment redundancy (IR) bits with other LLR value. Here, the other
LLR value may be an LLR value for the bits selected for the generation of LDPC
codeword bits on which the generation of the retransmission or IR bits is based in the
transmitting apparatus 400.

For example, when a non-acknowledgement (NACK) occurs for hybrid automatic
repeat request (HARQ), the transmitting apparatus 400 may transmit some or all of the
codeword bits to the receiving apparatus 500.

Therefore, the LLR combiner 523 may combine an LLR value for bits received via
retransmission or IR with another LLR value for LDPC codeword bits received via the
previous frame.

For this, the receiving apparatus 500 may previously store information about pa-
rameters used for retransmission or IR bits generation by the transmitting apparatus
400. Therefore, the LLR combiner 523 may identify an LLR value for the number of
retransmission or IR bits and combine the identified LLR value with an LLR value for
the LDPC parity bits on which the generation of the retransmission bits is based.

The deinterleaver 524 of the rate dematching unit 520 may deinterleave an LLR
value outputted from the LLR combiner 523.

Specifically, the deinterleaver 524 is an element corresponding to the interleaver 441
of the transmitting apparatus 400, and may perform an operation corresponding to the
interleaver 441.

For this, the receiving apparatus 500 may previously store information about pa-
rameters used for interleaving by the transmitting apparatus 400. Therefore, the dein-
terleaver 524 may deinterleave an LLR value corresponding to LDPC codeword bits

by inversely performing an interleaving operation performed by the interleaver 441 on
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the LLR values corresponding to the LDPC codeword bits.

The LDPC decoder 530 may perform LDPC decoding, based on the LLR value
outputted from the rate dematching unit 520.

Specifically, the LDPC decoder 530 is an element corresponding to the LDPC
encoder 430 of the transmitting apparatus 400, and may perform an operation corre-
sponding to the LDPC encoder 430.

For this, the receiving apparatus 500 may previously store information about pa-
rameters used for LDPC encoding by the transmitting apparatus 400 depending on a
mode. Therefore, depending on a mode, the LDPC decoder 530 may perform LDPC
decoding based on the LLR value outputted from the rate dematching unit 520.

For example, the LDPC decoder 530 may perform LDPC decoding on the basis of
the LLR value outputted from the rate dematching unit 520 in accordance with an
iterative decoding scheme based on the sum-product algorithm, and output error-
corrected bits according to LDPC decoding.

The zero elimination unit 540 may remove zero bits from the bits outputted from the
LDPC decoder 530.

Specifically, the zero elimination unit 540 is an element corresponding to the zero
padding unit 420 of the transmitting apparatus 400 and may perform an operation cor-
responding to the zero padding unit 420.

For this, the receiving apparatus 500 may previously store information about pa-
rameters used for padding zero bits by the transmitting apparatus 400. Therefore, the
zero elimination unit 540 may remove the zero bits padded by the zero padding unit
420 from bits outputted from the LDPC decoder 530.

The desegmentation unit 550 is an element corresponding to the segmentation unit
410 of the transmitting apparatus 400 and may perform an operation corresponding to
the segmentation unit 410.

For this, the receiving apparatus 500 may previously store information about pa-
rameters used for segmentation by the transmitting apparatus 400. Therefore, the de-
segmentation unit 550 may recover bits before segmentation by combining bits
outputted from the zero elimination unit 540, that is, segments for variable-length input
bits.

Meanwhile, the LDPC code may be decoded using the iterative decoding algorithm
based on the sum-product algorithm on the bipartite graph as shown in FIG. 2. As
mentioned above, the sum-product algorithm is a kind of a message passing algorithm.

Hereinafter, a message passing operation normally used in LDPC decoding will be
described with reference to FIGS. 6A and 6B.

FIGS. 6A and 6B illustrate a message passing operation at a check node and a

variable node for LDPC decoding according to various embodiments of the disclosure.
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Referring to FIG. 6A, a check node m 600 and a plurality of variable nodes 610, 620,
630, and 640 connected to the check node m 600. In addition, T, denotes a message
passed from the variable node n” 610 to the check node m 600, and E, ,, denotes a
message passed from the check node m 600 to the variable node n 630. Here, a set of
all variable nodes connected to the check node m 600 is defined as N(m), and a set
obtained by excluding the variable node n 630 from N(m) is defined as N(m) \n.

In this case, a message update rule based on the sum-product algorithm may be
expressed by Equation 11.

[Equation 11]

n'EN(m)

Sign(En,m): H Sl—gn(Tn’,m)
H'EN() v

Here, Sign(E,,,) denotes the sign of a message E, ,,, and |E, ;| denotes the magnitude

of amessage E, ,. A function ¢(x) may be expressed by Equation 12 below.

[Equation 12]
0(x)=-log(tanh(Z-))

Referring to FIG. 6B, a variable node x 650 and a plurality of check nodes 660, 670,
680, and 690 connected to the variable node x 650. In this case, E, , denotes a message
passed from the check node y” 660 to the variable node x 650, and T, , denotes a
message passed from the variable node x 650 to the check node y 680. Here, a set of all
check nodes connected to the variable node x 650 is defined as M(x), and a set
obtained by excluding the check node y 680 from M(x) is defined as M(x) \y. In this
case, a message update rule based on the sum-product algorithm may be expressed by
Equation 13.

[Equation 13]

Ty—E,+ 2 E,.
YEM(x)\w

Here, E, denotes the initial message value of the variable node x.

In case of determining the bit value of the node x, the following Equation 14 may be
used.

[Equation 14]

In this case, the encoding bit corresponding to the node x may be determined
according to the Px value.

Because FIGS. 6A and 6B show a general decoding method, a detailed description
will be omitted. In addition to the method shown in FIGS. 6A and 6B, other methods
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may be applied to determine the value of a message passed between the variable node
and the check node. A related description is disclosed in Frank R. Kschischang,
Brendan J. Frey, and Hans-Andrea Loeliger, "Factor Graphs and the Sum-Product
Algorithm", IEEE TRANSACTIONS ON INFORMATION THEORY, Vol. 47, NO.
2, FEBRUARY 2001, pp 498-519.

FIG. 7 is a block diagram illustrating an LDPC encoder according to an embodiment
of the disclosure.

Kigpe bits may constitute K4, LDPC information bits I=(i, 1, ..., . _1 ) for an

Kidpc
LDPC encoder 710. The LDPC encoder 710 may perform systematic LDPC encoding
of Kiyyc LDPC information bits and thereby generate LDPC codewords A=(cq, ¢y, ..., C
Nldpc—l):(io, i1 vons iKldpc—l, Po> P15 ---» ledpc—Kldpc—l) including Nldpc bits.

As described above in Equation 1, a codeword is determined so that a product of the
LDPC codeword and the parity check matrix becomes a zero vector.

Referring to FIG. 7, an encoding apparatus 700 includes an LDPC encoder 710. The
LDPC encoder 710 may generate an LDPC codeword by performing LDPC encoding
for input bits, based on a parity check matrix or a corresponding exponential matrix or
sequence. In this case, the LDPC encoder 710 may perform the LDPC encoding by
using a parity check matrix defined differently according to a coding rate (i.e., a coding
rate of an LDPC code).

The encoding apparatus 700 may further include a memory (not shown) for storing a
coding rate of an LDPC code, a codeword length, and information about a parity check
matrix. Using such information, the LDPC encoder 710 may perform the LDPC
encoding. The information about a parity check matrix may include information about
an exponent value of a circulant matrix when a parity matrix proposed herein is used.

FIG. 8 is a block diagram illustrating an LDPC decoder according to an embodiment
of the disclosure.

Referring to FIG. 8, a decoding apparatus 800 may include an LDPC decoder 810.

The LDPC decoder 8§10 performs LDPC decoding for an LDPC codeword, based on
a parity check matrix or a corresponding exponential matrix or sequence.

For example, the LDPC decoder 810 may generate information word bits by passing
a LLR value corresponding to LDPC codeword bits through an iterative decoding
algorithm and then performing LDPC decoding.

Here, the LLR value is a channel value corresponding to the LDPC codeword bits,
and may be expressed in various ways.

For example, the LLR value may be represented by the logarithm of the ratio of a
probability that a bit transmitted from a transmitting side through a channel is zero, to a

probability that the bit is one. Alternatively, the LLR value may be a bit value itself de-
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termined according to a hard decision, or be a representative value determined
according to an interval to which a probability that a bit transmitted from the
transmitting side is 0 or 1 belongs.

In this case, the transmitting side may generate the LDPC codeword by using the
LDPC encoder 710 as shown in FIG. 7.

In addition, the LDPC decoder 810 may perform the LDPC decoding by using a
parity check matrix defined differently according to a coding rate (i.e., a coding rate of
an LDPC code).

FIG. 9 is a block diagram illustrating a configuration of a decoding apparatus
according to an embodiment of the disclosure.

As described above, the LDPC decoder 810 may perform the LDPC decoding by
using the iterative decoding algorithm. In this case, the LDPC decoder 8§10 may be
configured as shown in FIG. 9.

Referring to FIG. 9, a decoding apparatus 900 includes an input processor 901, a
memory 902, a variable node calculator 904, a controller 906, a check node calculator
908, and an output processor 910.

The input processor 901 stores an input value. Specifically, the input processor 901
may store an LLR value of a signal received via a radio channel.

Based on a parity check matrix corresponding to a block size (i.e., a codeword
length) and coding rate of the received signal, the controller 906 determines the
number of values inputted to the variable node calculator 904, an address value thereof
in the memory 902, the number of values inputted to the check node calculator 908,
and an address value thereof in the memory 902.

The memory 902 stores input and output data of each of the variable node calculator
904 and the check node calculator 908.

The variable node calculator 904 receives data from the memory 902, based on in-
formation about the number and address of input data received from the controller 906,
and performs a variable node operation. Then, based on information about the number
and address of output data received from the controller 906, the variable node
calculator 904 stores the result of the variable node operation in the memory 902. In
addition, based on data inputted from the input processor 901 and the memory 902, the
variable node calculator 904 inputs the result of the variable node operation to the
output processor 910. Here, the variable node operation is as described above with
reference to FIGS. 6A and 6B.

The check node calculator 908 receives data from the memory 902, based on in-
formation about the number and address of input data received from the controller 906,
and performs a check node operation. Then, based on information about the number

and address of output data received from the controller 906, the check node calculator
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908 stores the result of the check node operation in the memory 902. Here, the check
node operation is as described above with reference to FIGS. 6 A and 6B.

The output processor 910 performs a hard decision, based on data received from the
variable node calculator 904, to determine whether information word bits of a
codeword are zero or one at a transmitting side. Then, the output processor 910 outputs
the result of the hard decision, and this output value of the output processor 910
becomes a finally decoded value. In this case, the hard decision may be performed
based on the sum of all message values (an initial message value and all message
values inputted from a check node) inputted to one variable node in FIGS. 6A and 6B.

Meanwhile, the memory 902 of the decoding apparatus 900 may store in advance in-
formation about a coding rate of an LDPC code, a codeword length, and a parity check
matrix. Using such information, the LDPC decoder 810 may perform the LDPC
decoding. However, such information may be provided by the transmitting side.

FIG. 10 is a diagram illustrating a structure of a transport block according to an em-
bodiment of the disclosure.

Referring to FIG. 10, <Null> bits may be added so that segmented lengths are equal
to each other.

In addition, <Null> bits may be added to match an information length of an LDPC
code.

Described hereinbefore is the method for applying various block sizes, based on the
QC-LDPC code in the communication or broadcasting systems that support LDPC
codes of various lengths. Now, a method for further improving the encoding per-
formance in the above method will be described.

Normally, in case of suitably converting and using a sequence with respect to various
block sizes L from a single LDPC exponential matrix or sequence, like the lifting
method described in Equations 9 and 10, there are many advantages in system imple-
mentation because it only needs to be implemented with one or a few sequence.
However, it is very difficult to design an LDPC code having good performance for all
block sizes as the number of types of block sizes to be supported increases.

In order to address such an issue, an efficient design method of the QC LDPC code is
proposed as follows. Proposed in this disclosure is a method for designing a parity
check matrix having excellent performance based on the lifting method of Equations 9
and 10 and the parity check matrix of the LDPC code or the trapping set characteristic

on the Tanner graph. For convenience, although assuming the lifting based on

fxL)=mod(x,2 :

thereto.

log,Z | _ of Equation 10, this disclosure is not limited

Now, a first design method of a variable-length LDPC code will be described.
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First operation: Find a weight distribution (i.e., a distribution of 1s contained in a row
or column of a matrix) of a base matrix by performing a density evolution analysis
while changing a convergence rule of a density evolution and an iteration decoding
number in determining a noise threshold for a decoding success of a channel code.

Second operation: When it is possible to improve the weight distribution obtained at
the first operation through the Hill Climbing method, set the improved weight dis-
tribution as the weight distribution of a base matrix.

Third operation: Obtain one base matrix, based on the weight distribution obtained at
the second operation. At this operation, a method for obtaining the base matrix may be
designed through various known techniques.

Fourth operation: Assume that the lifting is based on

fx.L)=mod(x,2 :

that encoding and decoding are performed using the same exponential matrix for L

2kSL<2k—I—1.

Fifth operation: Maximize the girth (i.e., the smallest value of cycle lengths on the

log,Z | _ of Equation 10. For example, it is assumed

values satisfying a range of

Tanner graph) in determining the exponential matrix according to the L values
satisfying the above range, and then determine the exponential matrix from which
trapping sets are removed maximally in a predetermined removal order. Here, the pre-
determined order of removing the trapping sets is as follows.

First priority: (4,0) trapping set

Second priority: (3,1) trapping set

Third priority: (2,2) trapping set

Fourth priority: (3,2) Trapping set

Fifth priority: (4,1) trapping set

Sixth priority: (4,2) trapping set

Sixth operation: Repeat the first to fifth operations a given number of times, and then
finally select a code having the best average performance according to the L value
through a computation experiment for each obtained code. Here, the average per-
formance may be defined in various ways. For example, it is possible to find the
minimum signal-to-noise ratio (SNR) necessary for achieving a block error rate
(BLER) required in the system while varying the L value, and then finally select a code
having the smallest average SNR.

The above-described method of designing the variable-length QC LDPC code may
be modified according to requirements of a channel code. For example, the fourth
operation may be changed by considering the lifting method to be applied in the

system. In addition, at the fifth operation, the order of removing the trapping sets may
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be changed according to the characteristics of a channel code required in the system.
Meanwhile, the above-described design method for the variable-length QC LDPC code
may be also applied to a fixed length by removing only the lifting process from the
fourth and fifth operations.

For example, a code may be designed on the assumption that the number of in-
formation word bits is set to a small number and that, in case of a low coding rate,
some of codeword bits obtained after channel encoding are repetitively transmitted
based on both complexity and performance. In this case, at the first operation in the
above-discussed method of designing the variable-length QC LDPC code, the noise
threshold is determined by increasing a part of the initial value for the density
evolution analysis by the number of repetitive transmissions. In addition, if the coding
rate or length is fixed, the lifting process may be excluded from the fourth and fifth op-
erations.

Meanwhile, since the density evolution analysis method and the features of the
trapping set are well known in the art, a detailed description is omitted herein and
replaced by the following reference references:

Reference [RSU2001]:

T. J. Richardson, M. A. Shokrollahi, , and R. L. Urbanke, "Design of capacity-
approaching irregular low-density parity-check codes", IEEE Trans. Inf. Theory, vol.
47, no. 2, pp. 619-637, Feb. 2001.

Reference [KaBa2012]:

M. Karimi and A. H. Banihashemi, "Efficient algorithm for finding dominant
trapping sets of LDPC codes", IEEE Trans. Inf. Theory, vol. 58, no. 11, pp.
6942-6958, Nov. 2012.

As another embodiment of the disclosure, proposed is a method for designing an ex-
ponential matrix or sequence of LDPC codes in case of applying a plurality of ex-
ponential matrices or LDPC sequences on a given single base matrix. For example, a
single base matrix is fixed, and an exponential matrix or sequence of LDPC codes
defined on the base matrix is determined. Then, from the determined exponential
matrix or sequence, the lifting is applied to meet a block size included in each block
size group. In this way, variable-length LDPC encoding and decoding are performed.
In this design method, although entries or numbers constituting the exponential matrix
or LDPC sequence of LDPC codes may have different values, the corresponding
entries or numbers have features of exactly coinciding in positions. The respective ex-
ponential matrices or LDPC sequences refer to exponents of the circulant permutation
matrix, i.e., a kind of circular shift values for bits. By setting the positions of entries or
numbers to be equal to each other, it is easy to know the positions of bits corre-

sponding to the circulant permutation matrix. For reference, because the exponential
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matrix or LDPC sequence proposed in this disclosure corresponds to the circular shift
value of bits corresponding to a block size Z, the exponential matrix may be referred to
as a shift matrix, a shift value matrix, a shift sequence, or a shift value sequence.

The block size Z to be supported may be divided into a plurality of block size groups
(or sets) as shown in Equation 15 below. Note that the block size Z is a value corre-
sponding to the size ZXZ of a circulant permutation matrix or circulant matrix in a
parity check matrix of the LDPC code.

[Equation 15]

Z1=1{2,4,8,16, 32, 64, 128, 256}

72 ={3,6,12, 24,48, 96, 192, 384}

73 = {5, 10, 20, 40, 80, 160, 320}

74 = {7, 14, 28, 56, 112, 224}

75 =19, 18, 36,72, 144, 288}

76 =1{11, 22,44, 88, 176, 352}

77 ={13, 26,52, 104, 208}

Z8 = {15, 30, 60, 120, 240}

All values of the block size Z included in the block size groups of Equation 15 may
be used, or block size values included in a certain subset may be used as shown in
Equation 16 below. In addition, certain values may be added to or excluded from the
block size groups (or sets) of Equation 15 or 16.

[Equation 16]

Z1'= {8, 16, 32, 64, 128, 256}

72'= {12, 24, 48, 96, 192, 384}

73'= {10, 20, 40, 80, 160, 320}

74'= {14, 28, 56, 112, 224}

75'=1{9, 18, 36, 72, 144, 288}

76'={11, 22,44, 88, 176, 352}

Z7'= {13, 26,52, 104, 208}

Z8'= {15, 30, 60, 120, 240}

The block size groups of Equations 15 and 16 have features of different granularities
and the same ratio of neighboring block sizes. For example, the block sizes included in
one group are in the relation of divisors or multiples. When the exponential matrix cor-
responding to the p-th (p=1, 2, ..., 8) group is . (p)-.» and when the ex-

p—(e i )
ponential matrix corresponding to a Z value included in the p-th group is

L , it is assumed that the sequence conversion method as
Ep(Z2)=(e; ;(2)) ’ ’ '
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. For example, for example, when the block size Z is
fr(x.Z)=x(modZ) ’ ’

determined as Z=28, each entry of the exponential matrix (or LDPC
€ iJ( 28)

sequence) E4 ( 28) _ (é‘ y ( 28)) for Z=28 with respect to the exponential

matrix o (4)., corresponding to the 4th block size group that includes Z=28
E,=(e ij )
may be obtained as shown in Equation 17.
[Equation 17]
) @)
e, e’ <0
el,](zg) — { 4) IJ lr]

( 4
e;; (mod28) e~ >0

ei(;J ei(j‘) <0
s (28) = {eﬁ‘;) (mod 28) e =0

The conversion as shown in Equation 17 may be simply expressed as shown in
Equation 18.

[Equation 18]

E(Z)=E (modZ), Z&Z,

Although it is described above that the lifting or exponentiation matrix conversion
method of Equation 9, 10, or 15 to 18 is applied to the entire exponential matrix corre-
sponding to the parity check matrix, it is also possible to partially apply to the ex-
ponential matrix. For example, a partial matrix corresponding to a parity bit of a parity
check matrix usually has a special structure for efficient encoding. In this case, the
encoding method or the complexity may change due to lifting. Therefore, in order to
maintain the same encoding method or complexity, no lifting may be applied to a part
of an exponential matrix for a partial matrix corresponding to parity in a parity check
matrix, or the lifting other than a lifting scheme applied to an exponential matrix for a
partial matrix corresponding to an information word bit may be applied. For example,
in the exponential matrix, a lifting scheme applied to a sequence corresponding to in-
formation word bits and a lifting scheme applied to a sequence corresponding to a
parity bit may be set differently. In addition, by applying no lifting to the entire or part
of a sequence corresponding to a parity bit, a fixed value may be used without a
sequence conversion.

As another embodiment of the disclosure, a method for designing an LDPC ex-
ponential matrix or sequence when a base matrix is given based on the above-

described Equations 15 to 18 is proposed as follows. Although described in the
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following embodiment is a method for designing an exponential matrix or sequence
corresponding to one block size group, this may be applied to various block size
groups in the same way to design another exponential matrix or sequence.

Now, a second design method of a variable-length LDPC code will be described.

First operation: A base matrix is given.

Second operation: A block size (Z) included in a block size group has the following
values: 7, <7 <[I.,.. <L

For convenience, it is assumed that the lifting is performed based on f(x,Z)=x(modZ)
(In general, other lifting methods are also applicable).

Third operation: A design starts by setting Ly (L > L) as a starting point of lifting.
To determine an exponential matrix or sequence according to the L, values, the girth
(i.e., the smallest value of cycle lengths on the Tanner graph) is maximized first, and
trapping sets are removed maximally in a predetermined removal order. Here, the pre-
determined order of removing the trapping sets is as follows.

First priority: (4,0) trapping set

Second priority: (3,1) trapping set

Third priority: (2,2) trapping set

Fourth priority: (3,2) Trapping set

Fifth priority: (4,1) trapping set

Sixth priority: (4,2) trapping set

When the exponent value of the exponential matrix is determined according to the
order of removing the trapping sets, the smaller value is selected from candidate
exponent values if possible. In addition, a plurality of exponential matrices or
sequences may be obtained.

Fourth operation: Determine the exponential matrix by applying the same rule as the
third operation according to the L,,; value. At this time, the value of the exponential
matrix or sequence should satisfy the following condition.

[Condition] When the exponential matrix for L, determined at the third operation is

E(L=C(e; (L)) and when the exponential matrix to be determined at the fourth

operation is E (L) =Ces;(Lgy1 ) the value of e, (Lii1) should be determined as one

of @, (L) e, (L)t Ly o estin ’Zf DL

Fifth operation: Repeat the first to fourth operations a given number of times, and
determine an LDPC exponential matrix or sequence for Ly, Ly, ... , Ls. Meanwhile,
there may be a large number of LDPC exponential matrices or sequences satisfying the
trapping set removal order of the third operation and the above condition of the fourth
operation. In this case, a plurality of LDPC exponential matrices or sequences having

excellent average performance is determined through computational experiments.



WO 2018/236173 PCT/KR2018/007055

[280]

[281]

[282]

[283]

[284]

[285]

28

Here, the average performance may be defined in various ways. For example, it is
possible to find the minimum SNR necessary for achieving a BLER required in the
system while varying the Z value, and then finally select a code having the smallest
average SNR.

Sixth operation: Generate a plurality of E (L), E/(L,), ..., E,(Lx ) by applying

E(LD=E(LH(modL,y E(L,)=FE,(Lg)(modL,)

e s Ep(Lk-l ) EEP(Ls)(mOde-l), as shown in Equation 18, to the de-

termined plurality of LDPC exponential matrices or sequences

_ . Then, by considering the trapping set removal order of
Ep(LS) —(e ij (Ls))

the third operation with respect to a set of the generated exponential matrices E (L)), E,
(Ly), ..., Ej(Lx ), determine a plurality of exponential matrices or sequences in which a
bad trapping set is generated less.

Seventh operation: Determine a set of exponential matrices or sequences providing
stable performance among the set of exponential matrices or sequences determined at

the sixth operation, and then determine, as the final LDPC exponential matrix or

sequence, _ that can generate the determined set.
Ep(LS) —(e ij (Ls))

Here, the stable performance means that the SNR value for achieving a specific
target BLER does not deviate significantly from any predefined value.

Compared with the existing design schemes, the second design method of a variable-
length QC LDPC code differs in designing a parity check matrix or exponential matrix
of the LDPC code by differentiating important priorities among block sizes to be

supported. For example, in case of = the importance of the system is high,
—k

and the algebraic property of the exponential matrix should be guaranteed to a certain

level or more. On the other hand, in case of , the importance of the system is
7 Lk p y

somewhat low. Therefore, the above-described design method may allow an easy
design of the LDPC code more suitable for the system.

FIGS. 11 to 18 are flow diagrams regarding various embodiments of an LDPC
encoding or decoding process based on a base matrix and exponential matrix (or LDPC
sequence) of an LDPC code designed through the above-described design method
based on Equations 15 to 18 according to various embodiments of the disclosure.

FIG. 11 is a diagram illustrating an embodiment of an LDPC encoding process

according to an embodiment of the disclosure.
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Referring to FIG. 11, at operation 1110, a transmitter (or transmitting apparatus) de-
termines the length of an information word. In this disclosure, the length of an in-
formation word may be referred to as a code block size (CBS). Next, the transmitter
determines an LDPC exponential matrix or sequence matched to the determined CBS
at operation 1120, and then performs an LDPC encoding at operation 1130, based on
the determined exponential matrix or sequence.

FIG. 12 is a flow diagram illustrating an LDPC decoding process according to an
embodiment of the disclosure.

Referring to FIG. 12, an LDPC decoding process may be similar to the above. FIG.
12 is a diagram illustrating an embodiment of an LDPC decoding process. When the
CBS is determined at operation 1210, a receiver (or receiving apparatus) may
determine a suitable exponential matrix or sequence at operation 1220 and perform an
LDPC decoding at operation 1230 by using the determined exponential matrix or
sequence.

Flow diagrams in another embodiment of the LDPC encoding and decoding
processes based on the designed base matrix or exponential matrix are shown in FIGS.
13 and 14.

FIG. 13 is a diagram illustrating an embodiment of an LDPC encoding process
according to an embodiment of the disclosure.

Referring to FIG. 13, at operation 1310, the transmitter determines a size of a
transport block (i.e., transport block size (TBS)) to be transmitted. If the length of the
maximum information word to which encoding can be applied at one time according to
a channel code given in the system is referred to as max CBS, and if the size of the
TBS is greater than the max CBS, the transmitter should perform encoding by
segmenting the transport block into a plurality of information blocks (or code blocks).
Therefore, at operation 1320, the transmitter determines whether the TBS is greater
than the max CBS. If the TBS is greater than the max CBS, the transmitter segments
the transport block and newly determines the CBS at operation 1330. If the TBS is not
greater than the max CBS, the transmitter determines the TBS as the CBS without seg-
mentation and then determines a suitable LDPC exponential matrix or sequence
according to a value of the TBS or CBS at operation 1340. Then, at operation 1350, the
transmitter performs an LDPC encoding based on the determined exponential matrix or
sequence.

For example, let's suppose that the TBS is determined as 9216 at operation 1310 and
the maximum CBS given in the system is 8448. Since it is determined at operation
1320 that the TBS is greater than the max CBS, a suitable segmentation is applied at
operation 1330, and thereby two information blocks (or code blocks) each having the

CBS of 4608 are obtained. Therefore, the transmitter determines the exponential
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matrix or sequence suitable for the CBS of 4608 at operation 1340 and then performs
the LDPC encoding by using the determined exponential matrix or sequence at
operation 1350.

FIG. 14 is a flow diagram illustrating an LDPC decoding process according to an
embodiment of the disclosure.

Referring to FIG. 14, when the TBS is determined as 9216 at operation 1410, the
receiver determines at operation 1420 that the TBS is greater than the max CBS, and
then determines the segmented CBS size as 4608 at operation 1430. If it is determined
at operation 1420 that the TBS is not greater than the max CBS, the TBS is determined
as being equal to the CBS. Thereafter, the receiver determines the exponential matrix
or sequence of the LDPC code at operation 1440 and then performs the LDPC
decoding at operation 1450 by using the determined exponential matrix or sequence.

Flow diagrams in still another embodiment of the LDPC encoding and decoding
processes based on the designed base matrix or exponential matrix are shown in FIGS.
15 and 16.

FIG. 15 is a diagram illustrating an embodiment of an LDPC encoding process
according to an embodiment of the disclosure.

Referring to FIG. 15, first, at operation 1510, the transmitter determines the TBS of a
transport block to be transmitted. Then, at operation 1520, the transmitter determines
whether the TBS is greater than the max CBS. If the TBS is greater than the max CBS,
the transmitter segments the transport block and newly determines the CBS at
operation 1530. If the TBS is not greater than the max CBS, the transmitter determines
the TBS as the CBS without segmentation and then determines a block size (Z) to be
applied to the LDPC encoding, based on the CBS, at operation 1540. Then, at
operation 1550, the transmitter determines a suitable LDPC exponential matrix or
sequence according to a value of the block size (Z). Then, at operation 1560, the
transmitter performs the LDPC encoding based on the determined block size and the
determined exponential matrix or sequence. The operation 1560 may include a process
of converting the determined LDPC exponential matrix or sequence, based on the de-
termined block size.

FIG. 16 is a flow diagram illustrating an LDPC decoding process according to an
embodiment of the disclosure.

Referring to FIG. 16, when the TBS is determined at operation 1610, the receiver de-
termines at operation 1620 whether the TBS is greater than the max CBS. If the TBS is
greater than the max CBS, the receiver determines the segmented CBS size at
operation 1630. If it is determined at operation 1620 that the TBS is not greater than
the max CBS, the TBS is determined as being equal to the CBS. Thereafter, the
receiver determines the block size (Z) to be applied to the LDPC decoding at operation
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1640 and then determines the LDPC exponential matrix or sequence suitable for the
TBS, CBS, or block size (Z) at operation 1650. Then, at operation 1660, the receiver
performs the LDPC decoding by using the determined block size and the determined
exponential matrix or sequence. The operation 1660 may include a process of
converting the determined LDPC exponential matrix or sequence, based on the de-
termined block size.

Although it is described in the above embodiments that the exponential matrix or
sequence of the LDPC code is determined based on one of the TBS, CBS, or block size
(Z) at operation 1120, 1220, 1340, 1440, 1550, or 1650 in FIGS. 11 to 16, any other
method may be used alternatively.

Flow diagrams in yet another embodiment of the LDPC encoding and decoding
processes based on the designed base matrix or exponential matrix are shown in FIGS.
17 and 18.

FIG. 17 is a diagram illustrating an embodiment of an LDPC encoding process
according to an embodiment of the disclosure.

Referring to FIG. 17, first, at operation 1710, the transmitter determines the CBS for
transmission. Then, at operation 1720, the transmitter determines a block size (Z) and
column block size (K) corresponding to the CBS in the LDPC exponential matrix
according to the CBS. Normally, the number of columns corresponding to the in-
formation word bits is fixed in the exponential matrix of the LDPC code. However, in
order to apply to various CBSs in encoding and provide optimized performance, all the
columns corresponding to the information word bits are not used and may be appro-
priately shortened (zero padding) according to the CBS. The value of K, is a value de-
termined based on this shortening. At operation 1730, the transmitter determines a
suitable LDPC exponential matrix or sequence according to the CBS, column block
size (Ky), or block size (Z). Then, at operation 1740, the transmitter may perform a
process of converting the determined LDPC exponential matrix or sequence, based on
the determined block size and the determined exponential matrix or sequence. At
operation 1750, the transmitter performs the LDPC encoding based on the determined
block size and the determined exponential matrix or sequence.

FIG. 18 is a flow diagram illustrating an LDPC decoding process according to an
embodiment of the disclosure.

Referring to FIG. 18, first, at operation 1810, the receiver determines the CBS of
received data. Then, at operation 1820, the receiver determines the block size (Z) and
column block size (K) corresponding to the CBS in the LDPC exponential matrix
according to the CBS. Then, at operation 1830, the receiver determines a suitable
LDPC exponential matrix or sequence according to the CBS, column block size (K,),

or block size (Z). Then, at operation 1840, the receiver may perform a process of
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converting the determined LDPC exponential matrix or sequence, based on the de-
termined block size and the determined exponential matrix or sequence. At operation
1850, the receiver performs the LDPC decoding by using the determined block size
and the determined exponential matrix or sequence.

In the above-described embodiments of the LDPC encoding and decoding processes
based on the base matrix and exponential matrix (or sequence) of the LDPC code as
shown in FIGS. 11 to 18, by appropriately shortening a part of information word bits
and puncturing a part of codeword bits with respect to the LDPC code, it is possible to
support the LDPC encoding and decoding with various coding rates and various
lengths. For example, various information word lengths (or code block lengths) and
various coding rates can be supported by applying shortening to a part of information
word bits in the base matrix or exponential matrix determined for the LDPC encoding
and decoding in FIGS. 11 to 18, then always puncturing information word bits corre-
sponding to the first two columns, and puncturing a part of parity.

In addition, when a variable information word length or a variable coding rate is
supported using the shortening or zero-padding of the LDPC code, the code per-
formance may be improved according to the order or method of shortening. If the
shortening order is already set, the encoding performance may be improved by re-
arranging the entire or a part of the given base matrix. In addition, the performance
may be improved by appropriately determining a block size or a size of a column
block, to which the shortening is to be applied, with respect to a specific information
word length (or code block length).

For example, when the number of columns required for the LDPC encoding and
decoding in the given LDPC base matrix or exponential matrix is K, better per-
formance can be obtained by applying an appropriate rule for shortening as given
below and thereby determining the values of K, and the block size (Z).

if(CBS>A)

K,=10;
elseif(CBS>B)
K,=9;
elseif(CBS>C)
K,=8;
else
K,=6;
end
When the value of K, is determined in the above example, the block size (Z) value

can be determined as the minimum value that satisfies ZXK, >= CBS. When the
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degree of freedom to determine the K, value is higher, the performance is improved,
but the system implementation complexity is deteriorated. Therefore, it is required to
apply an appropriate level of rule in order to realize both better performance and better
system implementation efficiency. For example, if a rule is created more precisely as
given below, the performance is improved, but the implementation complexity is
increased. Therefore, an appropriate rule is applied according to the requirements of
the system.
if(CBS>A)
K,=10;
elseif(CBS>B)
K,=9;
elseif(CBS>C)
K=38;
Else
If(CBS is member of [48,96,176,184,192])
Ky=7;
else
K=6;
end
end
For reference, if the block size (Z) value is determined as the minimum value that
satisfies ZXK, >= CBS when the value of K,, is determined, the K, and the block size
(Z) may be determined as shown in Equation 19.
[Equation 19]
CBS=40 => K,=6 => 7=7
CBS=48 => K,=7 =>7=7
CBS=56 => K,=6 =>Z=10
CBS=64 => K,=6 => 7=11
CBS=72 => K,=6 =>7Z=12
CBS=80 => K,=6 => 7=14
CBS=200 => K\=8 =>7=26
CBS=0640 => K\,=9 =>7=72
CBS=1024=> K,=10 =>Z=104
This method for determining the Kb and the block size is only, and any other method
may be applied alternatively.
Various embodiments of the base matrix or exponential matrix corresponding to the

parity check matrix of the LDPC code designed using the LDPC code design method
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proposed based on Equations 15 to 18 are shown in FIGS. 19A to 19J, 20A to 20J, and
21A. In the base matrix as shown in FIG. 19A, empty blocks denote entries of zero. In
the exponential matrix as shown in FIGS. 20A and 21A, empty blocks denote portions
corresponding to a zero matrix of ZXZ size and may be represented by a specific
value, such as -1. The exponential matrices of the LDPC code shown in FIGS. 20A and
21A have the same base matrix.

FIGS. 19B to 19] are enlarged views illustrating respective portions divided from the
base matrix shown in FIG. 19A. Reference numerals denoting respective portions in
FIG. 19A indicate corresponding enlarged views of matrices. Therefore, a combination
of FIGS. 19B to 19] is equal to one base matrix shown in FIG. 19A. Such descriptions
may be similarly applied to the exponential matrices shown in FIGS. 20A and 21A. In
the exponential matrices in FIGS. 20A and 21A, empty blocks denote portions corre-
sponding to a zero matrix of ZXZ size.

FIGS. 20B to 20J are enlarged views showing respective portions divided from the
exponential matrix shown in FIG. 20A. Reference numerals denoting respective
portions in FIG. 20A indicate corresponding enlarged views of matrices. Therefore, a
combination of FIGS. 20B to 20J is equal to one exponential matrix shown in FIG.
20A. In addition, FIGS. 21B to 21D show only some portions of FIG. 21A, which
correspond to FIGS. 20B, 20E, and 20H, respectively. Although not shown, other
portions of FIG. 21A are the same as FIGS. 20C, 20D, 20F, 20G, 20I, and 20J.
Therefore, by combining FIGS. 21B to 21D with FIGS. 20C, 20D, 20F, 20G, 201, and
20J, the new exponential matrix of FIG. 21A is obtained.

FIGS. 19A to 19J, 20A to 20J, and 21A to 21D are diagrams illustrating a base
matrix or LDPC exponential matrix of a 42X52 size according to various embodiments
of the disclosure.

Referring to FIGS. 19A to 19J, 20A to 20J, and 21A to 21D, in this base matrix or
exponential matrix, a partial matrix formed of upper 4 rows and front 14 columns does
not have a column of degree 1. For example, this means that the parity check matrix
that can be generated by applying lifting to the above partial matrix does not have a
column or column block having a degree of 1. In addition, the base matrix or ex-
ponential matrix shown in FIGS. 19A to 19J, 20A to 20J, and 21A to 21D has a feature
that all columns from the 15th column to the 52nd column have a degree of 1. For
example, the base matrix or exponential matrix of a 38X52 size including rows from
the 5th row to the 42nd row in the exponential matrices corresponds to a single parity-
check code.

The exponential matrices shown in FIGS. 20A and 21A correspond to the LDPC
codes designed based on the block size groups defined in Equations 15 and 16.

However, depending on the requirements of the system, it is not necessary to support
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all block sizes included in the block size groups. For reference, the exponential matrix
of FIG. 20A is designed to correspond to the group Z1 or Z1' in Equation 15 or 16, and
the exponential matrix of FIG. 21A is designed to correspond to the group Z7 or Z7" in
Equation 15 or 16.

Depending on systems, the base matrix or exponential matrix as shown in FIGS. 19A
to 19J, 20A to 20J, or 21A to 21D may be used as it is, or only a part thereof may be
used. For example, in the base matrix or exponential matrix of FIGS. 19A to 19J, 20A
to 20J, or 21A to 21D, a new exponential matrix may be generated to apply LDPC
encoding and decoding by concatenating a partial matrix including upper 22 rows with
another exponential matrix of a 20X52 size.

Similarly, in the base matrix or exponential matrix as shown in FIGS. 19A to 19J,
20A to 20J, or 21A to 21D, a new exponential matrix may be generated to perform
LDPC encoding and decoding by concatenating a partial matrix including rows from
the 23th row to the last row with another partial matrix of a 22X52 size.

Normally, a partial matrix formed by appropriately selecting rows and columns in the
base matrix of FIGS. 19A to 19J may be applied as a new base matrix to perform the
LDPC encoding and decoding. Likewise, a partial matrix formed by appropriately
selecting rows and columns in the exponential matrix of FIGS. 20A to 20J or 21A to
21D may be applied as a new exponential matrix to perform the LDPC encoding and
decoding. In addition, a new matrix formed by appropriately rearranging rows and
columns in the base matrix of FIGS. 19A to 19J may be considered as the base matrix
for the LDPC encoding and decoding. Likewise, a new matrix formed by appropriately
rearranging rows and columns in the exponential matrix of FIGS. 20 A to 20J or 21A
to 21D may be considered as the exponential matrix for the LDPC encoding and
decoding.

In addition, the coding rate of the LDPC code may be adjusted by differently
applying puncturing of codeword bits according to the coding rate. When parity bits
corresponding to a column of degree 1 are punctured in the LDPC code based on the
base matrix or exponential matrix shown in FIGS. 19A to 19J, 20A to 20J, or 21A to
21D, the LDPC decoder may perform decoding without using the corresponding
portions in the parity check matrix. Therefore, there is an advantage of reducing the
decoding complexity. However, in case of considering the coding performance, there is
a method for improving the performance of the LDPC codes by adjusting the
puncturing order of parity bits or the transmission order of generated LDPC codeword.

For example, when information word bits corresponding to front two columns of the
base matrix or exponential matrix corresponding to FIGS. 19A to 19J, 20A to 20J, or
21A to 21D are punctured and when all parity bits having a degree of 1 and corre-

sponding to columns from the 18th column to the 52nd column are punctured, the
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LDPC codeword with a coding rate of 10/15 can be transmitted. Normally, the per-
formance may be further improved by appropriately applying rate matching after
generating the LDPC codeword by using the base matrix or exponential matrix corre-
sponding to FIGS. 19A to 19J, 20A to 20J, or 21A to 21D. Of course, it is possible to
apply to the LDPC encoding and decoding by appropriately rearranging the order of
columns in the base matrix or exponential matrix based on the rate matching.

Typically, in the LDPC encoding process, the transmitter determines an input bit size
(or a CBS) to which LDPC encoding will be applied, determines a block size (Z) to
which the LDPC encoding will be applied, determines a suitable LDPC exponential
matrix or sequence, and then performs the LDPC encoding based on the determined
block size (Z) and the determined exponential matrix or LDPC sequence. In this case,
the LDPC exponential matrix or sequence may be applied to the LDPC encoding
without conversion, or be appropriately converted according to the block size (Z).

Similarly, in the LDPC decoding process, the receiver determines an input bit size (or
a CBS) for a transmitted LDPC codeword, determines a block size (Z) to which LDPC
decoding will be applied, determines a suitable LDPC exponential matrix or sequence,
and performs the LDPC decoding based on the determined block size (Z) and the de-
termined exponential matrix or LDPC sequence. In this case, the LDPC exponential
matrix or sequence may be applied to the LDPC decoding without conversion, or be
appropriately converted according to the block size (Z).

The base matrix shown in FIGS. 19A to 19] may be expressed in various forms. For
example, it is possible to express the base matrix by using a sequence as shown in the
following Equation 20. Equation 20 represents the positions of an entry 1 in each row
of the base matrix of FIGS. 19A to 19J. For example, in Equation 20, the second value
3 of the second sequence means that an entry 1 exists at the second column of the
second row in the base matrix. In this example, the starting order of entries in a
sequence and a matrix is counted from zero.

[Equation 20]

0123691011

034567891112

01348101213

124567891013

011114

01571115

05791116

157111317

011218

18101119
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[385]
[386]
[387]
[388]
[389]
[390]
[391]
[392]
[393]
[394]
[395]
[396]
[397]
[398]
[399]
[400]
[401]

37

016720

0791321

131122

0181323

16111324

0101125

19111226

15111227

06728

011029

141130

081331

1232

03533

12934

0535

27121336

0637

12538

0439

257940

11341

051242

271043

0121344

151145

02746

1013 47

151148

071249

2101350

151151

Similarly, the exponential matrix shown in FIGS. 20 A to 20J or 21A to 21D may be
expressed in various forms, for example, using a sequence as shown in the following
Equation 21 or 22. Equation 21 or 22 represents entries in respective rows of the ex-
ponential matrix having a 42X52 size shown in FIGS. 20 A to 20J or 21A to 21D. In
the exponential matrix, a specific entry value (e.g., -1) corresponding to a zero matrix

of ZXZ size may be excluded. For example, in Equation 21, the second value 251 of
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the second sequence means that an exponent value (or a circular shift values for bits)
of the second circulant permutation matrix that does not correspond to the zero matrix
of ZXZ size in the second row of the exponential matrix of FIGS. 20 A to 20J is 251.
In this example, the starting order of entries in a sequence and a matrix is counted from

ZEr10.

[402] [Equation 21]

[403] 190219193 18 182000
[404] 20342121734645 17221300
[405] 164 125 251238240100
[406] 73228 129 95 226 246 8120900
[407] 217168 730

[408] 21076 177 110 224 0
[409] 1152042959 1240
[410] 138 161 181 123 1790
[411] 44 138 1950

[412] 19441921050

[413] 3680243250

[414] 224 189 892380

[415] 207 1332330

[416] 147 1842263 0

[417] 228 1431330

[418] 22 138 380

[419] 617410520

[420] 46388350

[421] 662480

[422] 2022122500

[423] 2321562510

[424] 35249360

[425] 106 166 0

[426] 109101810

[427] 16629 2210

[428] 13838 0

[429] 2265528 1500

[430] 51150

[431] 64 32400

[432] 121770

[433] 3109962410

[434] 92370
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[451]
[452]
[453]
[454]
[455]
[456]
[457]
[458]
[459]
[460]
[461]
[462]
[463]
[464]
[465]
[466]
[467]
[468]
[469]
[470]
[471]
[472]

39

2578510

227130910

177 254 2200

17748 460

2202360

2311910

50111910
162532070

12431290

21882020

[Equation 22]

14319176 165196 1300
1827310218517 1418000
126 16347 183132100
3648 18 1112033 191 16000
43271170

136 49 36 13262 0
734198 168 120

16378 143 107 58 0

101 177 220
18627205810

12560 177510
39293580

18 155490
3253951860
9120521090

174 108 102 0
1253154176 0
57201142350

129203 1400

110124 520
196351140

10122230

202 126 0

52170130

113161 880

197 194 0

164 17249 161 0
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[473] 168 1930
[474] 14186 46 0
[475] 50270
[476] 70175060
[477] 1151890
[478] 1100 1630
[479] 20697 136 0
[480] 81291080
[481] 95207460
[482] 8257480
[483] 74200
[484] 1542490
[485] 47961740
[486] 62241670
[487] 5218490
[488]

[489]

[490
[491
[492
[493
[494
[49
[496
[49
[498
[499
[500
[501
[502
[503
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Another embodiment of the exponential matrix corresponding to the parity check

matrix of the LDPC code designed using the LDPC code design method proposed

herein based on Equations 15 to 18 are shown in Equations 23 to 35.

Each of Equations 23 to 35 represents entries in respective rows of the exponential

[Equation 23]

2327625010 13222100

107 126 62 99 5055 19123200
9013624564 102100

197 224 243 140701795800
64 182470

154219 164 94 196 0

135204 5359980
210253103 1102550
200222 1130

8318 101 108 0

122 157 203 107 0
19014952180

38582330

matrix having a 42X52 size. In Equation 23, the second value 245 of the second
sequence means that an exponent value (or a circular shift values for bits) of the
second circulant permutation matrix that does not correspond to the zero matrix of
ZXZ size in the second row of the exponential matrix is 245. In this example, the

starting order of entries in a sequence and a matrix is counted from zero.
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[541]

11868 402450
68 6779243 0
14227390
382441670
114156 138 0
167 136 204 0
2012151800
75194 58 0
217372460
19058 0
44200 1470
129 241 254 0
471970

121 1451180
19 208 0
2291911550
197 1380

104 95 50234 0
572330
21821610
247237450
196 171 2120
25472 1500
212226 1880
2042190
214175770
471952450
24811340
4061120
[Equation 24]

1619186 186 194700
5833144176 176 120 186 7000
188237511176 100
147251814044 189201900

13920166 0

1633938114 1560
3518012301490
8113417276 1450
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[579]
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124 113 130
17718393 109 0
1550184220
61141901610
189 159 128 0
11028 100330
27 188271610
158 17 140

142 153 129440
139 181 112670
17720620
1851521450
15846 1710
213390

9080

102190 180

66 13 1810
145450

13555 186 157 0
441250
130145104 0
201810

148 170 14 162 0
6750

17394 1220
14429 1770
85461750
14577 870
551891590
124 14 0

63 130320
54251250
45144290

149 187 148 0
[Equation 25]
142 1838 12741600
108 126 85 134 106 135102200
17194140119100
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[617]

14127 578537115108 1800
151121360
12127 122 158 720
128646146 1210
149120 1329530
48 126 58 0
592437500
110147201160
56151133370
25811330
481149420
11314217130
56 146 1370
913326370
5999121390
147 150 13 0
10954310
142030
155138970
80170

1244250

15763 158 0
23700
151654590
851250
331411300
37420
13739144 1540
46 1330
1538460

7348 156 0

126 110240
1125380
1194630

156 1100
726890
50411180

109 136 126 0
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[618] 15042 106 0
[619] [Equation 26]
[620] 8613 1821412314300
[621] 535521463941182100
[622] 651054917695100
[623] 168221 173 86 18 55 18017000
[624] 1062920
[625] 16920 151212090
[626] 179 15920348 1380
[627] 182 35209222130
[628] 26114 1580
[629] 21119121710
[630] 13499 62530
[631] 183800
[632] 7025230
[633] 2514937180
[634] 633102140
[635] 710880
[636] 201201 142 167 0
[637] 63522151250
[638] 86122270
[639] 3192660
[640] 92222410
[641] 74219 169 0
[642] 11420
[643] 78 103 2230
[644] 96214 196 0
[645] 1731840
[646] 8720824750
[647] 201300
[648] 18925 168 0
[649] 38600
[650] 1881746510
[651] 58196 0
[652] 73197 1800
[653] 170 108 198 0
[654] 110190 192 0
|

[655

92131580
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[693]

31191280
1882230
1832101690
8911090
41841490
134422180
[Equation 27]
17102805755900
2669465354 115683600
9571116302100
59521613727967512900
79103 150

12924 3928230
138 100 127 117420
423117115160
116881120
10011925400
9712291360
81431341100
1278 150
7396211430

26 106 10253 0
11056 370
956691950
1912390710
5412490

6224540

12340 380

116 14350

421200

1510280

1127540

122143 0
1136143230
39870

3146140

137 104 0

13458 104520
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[731]

46

101130

86 103 108 0

13516 1300
9582970

7297 1130

5866 86 0

96 50 0

115131100
74111710
105321310
13310130

[Equation 28]

156143 1434012300
1765631553717113300
98168 10782142100
53174174127 17891710500
8667830
798435103600
47154 10155290

48 1252447550
53311610

104 142 99 64 0
11125174230
91175241410
1221140
2991271270

111458 166 0
137103400

78 158 17 165 0
13423621630
17331220
131351450

128 52 1730

156 166 400

18 163 0

1101321500

113108 610

72136 0

PCT/KR2018/007055



WO 2018/236173

[732
(733
[734
(735
[736
[737
(738
[739
[740
[741
[742
[743
[744
[745
[746
[747
[748
[749
[750
[751
[752
(753
[754
(755
[756
[757
(758
[759
[760
[761
[762
(763
[764
(765
[766
[767
(768

|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
[769]

47

3638531450
421040

64 24 1490

1391610
8417393290

117 148 0

11673 1420
105137290
11411620

126 152 1720

73154 1290

167 38 0

1127190

1096 1050

160 156 820
132680

[Equation 29]

9148 11843714800
1852039130203 11139100
861619211974100
126 107 156 113 199 166 90 79 0 0
603100

117 184 6170490
37996439 1740
12048 18 51290
331181750
23641701190
14586 185127 0
13120140194 0
341851740

78 107 5534 0
18516759480
91101520

45198 138 186 0
18242135210

28 100370

18796 1810

61 1811610
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[770] 123186 350
[771] 541970
[772] 3327500
[773] 160203 74 0
[774] 19398 0
[775] 84 178 100170
[776] 28 138 0
[777] 130120 171 0
[778] 1220
[779] 77 160 17357 0
[780] 49630
[781] 136 189 190 0
[782] 168 181 198 0
[783] 20658 1010
[784] 185157 1320
[785] 5871570
[786] 392050
[787] 7998 1870
[788] 37501890
[789] 184940
[790] 161551540
[791] [Equation 30]
[792] 752219727 18021500
[793] 21822129161 189201308100
[794] 35319821279100
[795] 538010362 176 50 189 14000
[796] 239198 1240
[797] 96 87 178212230
[798] 1503490144 2140
[799] 166 108 177 107 30 0
[800] 68 129400
[801] 1586219780
[802] 5144124220
[803] 67 108 154226 0
[804] 4601940
[805] 10021722310
[806] 11740752300
|

[807

227168 1400
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[842]
[843]
[844]
[845]

23394202920
90 53 167 188 0
111451750
251711820
12381320
170 118 2350
182950
103202280
238 1502160
83530

54 132222300
471810
30146 206 0
2152270
99202272350
232 157 0

228 158290
194213 189 0
208 191 1630
181 185 158 0
19922340

196 52 0
864680
18711390
8216650
149162 26 0
[Equation 31]

161201 378 378 21123900

49

58225144176 176 120 378 262 00

3802375203176100
14725 18123244 1892021100

139212 3580

163 39 38 306 348 0
3537212301490
273326 172 268 3370

124 3052050
369375931090
15242 184214 0
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[883]
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6114 1903530

189 159 3200
302220292330

27 188271610

158209 140

142 345 321 236 0
331181112670

177 20 2540

185344 3370

15846 1710

213390

90200 0

1021902100

66205 1810

145450

327247 378349 0
441250

322145296 0

203730

340362 206 354 0

6750

3652863140

144 221 369 0

27746 1750

337269 870
2473813510

124 206 0

255130320

246 25 1250
2373362210

149 187 148 0

[Equation 32]

302 18 198 287 164 16 00
268 286 85 134 106295 170 18200
177 161 254 140119100
174 127 217 245 37275 108 178 0 0
151172296 0

12 127 122 318 2320
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[921]

128 166 46 306 281 0
149 280 13189213 0
48 126 58 0
2192437500
270307 20276 0
216 151 133370
185812930
4811425420
113302171730
56 146 297 0
9119326370
59259281390
3073101730
2692141910
302030
3151382570
801770

1244 1850

157 223 158 0
23700
3112252051690
851250

193 141 290 0
372020

297 199 304 314 0
46 1330
313244166 0
73208 3160
286110240

161 285380
279164 2230
1562700

167 186 89 0
210411180

269 296 286 0
15042 106 0
[Equation 33]

161 102 224 149 2195900
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[959]
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262134653 5425921218000
239712601742100
2035216 13727 24021927300
79103150
27316839172 1670
138244 271 261 186 0
1863117115160
116 88 256 0
24411925400
9712292800
152143 1341100
1278 1590

7396 165143 0
26250102530
11056 1810

95 66 2352390
1912390710
19812490

206 168 198 0
12340380

116 143 1490
422640

1510280

11171540

1221430

145280 143230
39870

17546 158 0

137248 0
278202248 196 0
101130
2302472520
1351602740
239226970

72241 1130
202210860

96 1940

115275100
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53

74111710

249176 2750

133101 1470

[Equation 34]

332143 190321629900
1936563 12313717130900
274 168 283258 142100
229174 174 303 17 265 193281 00
2622432590

79 260 35279 2360
223330 103312050

48 125200223550
229207 3370
280142992400
111251741990
91175243170
2081140

2991203 303 0
1132183420
137279400

78 334 17 165 0
31019962 163 0
173311980
1891353210

128 52 1730
332166400

183390

1101323260
113284610

723120
2122142293210
421040

64 24 3250

1393370

260 349 269 205 0

117 148 0

292249 3180
1053132050
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54

187411620
3023281720
2493303050
1672140
28871950
28561050

336 3322580
132680
[Equation 35]
195175201659220300
18 131 159206 81 121 16517100
12659997939100
36204705999 15911417300
14727130

84101 140801140
111 86 198 81 64 0
71309136

49 125 22

186 75 205 81

177 60 21 103
19529 185 164
174 51 49
84153134
39176 104 5

122 4 154

1259 106 176

57 201 194 35

77 47 88

58720

144 191 166

10 135 127

98 178

156 118 65

6157 36

145 38

112172 101 5

168 89

118 186 202
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10279

122 17 154 163

1133

162 156 59

5917 179

41 128 17

717575

187 156 24

81122

168 78 109

2673 87

5534 207

114 161 189

The exponential matrix of Equation 23 is optimized to fit a block size corresponding
to a group Z1 or Z1' or a subset thereof in Equation 15 or 16, and is defined to provide
better performance when Z = 256 is set to the maximum value.

The exponential matrix of Equation 24 is optimized to fit a block size corresponding
to a group Z2 or Z2' or a subset thereof in Equation 15 or 16, and is defined to provide
better performance when Z = 192 is set to the maximum value.

The exponential matrix of Equation 25 is optimized to fit a block size corresponding
to a group Z3 or Z3' or a subset thereof in Equation 15 or 16, and is defined to provide
better performance when Z = 160 is set to the maximum value.

The exponential matrix of Equation 26 is optimized to fit a block size corresponding
to a group Z4 or Z4' or a subset thereof in Equation 15 or 16, and is defined to provide
better performance when Z = 224 is set to the maximum value.

The exponential matrix of Equation 27 is optimized to fit a block size corresponding
to a group Z5 or Z5' or a subset thereof in Equation 15 or 16, and is defined to provide
better performance when Z = 144 is set to the maximum value.

The exponential matrix of Equation 28 is optimized to fit a block size corresponding
to a group Z6 or Z6' or a subset thereof in Equation 15 or 16, and is defined to provide
better performance when Z = 176 is set to the maximum value.

The exponential matrix of Equation 29 is optimized to fit a block size corresponding
to a group Z7 or Z7' or a subset thereof in Equation 15 or 16, and is defined to provide
better performance when Z = 208 is set to the maximum value.

The exponential matrix of Equation 30 is optimized to fit a block size corresponding
to a group Z8 or Z8' or a subset thereof in Equation 15 or 16, and is defined to provide
better performance when Z = 240 is set to the maximum value.

The exponential matrix of Equation 31 is optimized to fit a block size corresponding
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to a group Z2 or Z2' or a subset thereof in Equation 15 or 16, and is defined to provide
better performance when Z = 384 is set to the maximum value. It can be seen that the
feature of the exponential matrix of Equation 31 is that the same exponential matrix as
Equation 24 is generated through modulo operation of Equation 18 for the block size
192.

The exponential matrix of Equation 32 is optimized to fit a block size corresponding
to a group Z3 or Z3' or a subset thereof in Equation 15 or 16, and is defined to provide
better performance when Z = 320 is set to the maximum value. It can be seen that the
feature of the exponential matrix of Equation 32 is that the same exponential matrix as
Equation 25 is generated through modulo operation of Equation 18 for the block size
160.

The exponential matrix of Equation 33 is optimized to fit a block size corresponding
to a group Z5 or Z5' or a subset thereof in Equation 15 or 16, and is defined to provide
better performance when Z = 288 is set to the maximum value. It can be seen that the
feature of the exponential matrix of Equation 33 is that the same exponential matrix as
Equation 27 is generated through modulo operation of Equation 18 for the block size
144.

The exponential matrix of Equation 34 is optimized to fit a block size corresponding
to a group Z6 or Z6' or a subset thereof in Equation 15 or 16, and is defined to provide
better performance when Z = 352 is set to the maximum value. It can be seen that the
feature of the exponential matrix of Equation 34 is that the same exponential matrix as
Equation 28 is generated through modulo operation of Equation 18 for the block size
176.

The exponential matrix of Equation 35 is optimized to fit a block size corresponding
to a group Z7 or Z7' or a subset thereof in Equation 15 or 16, and is defined to provide
better performance when Z = 208 is set to the maximum value. For reference, the ex-
ponential matrix of Equation 35 has the same design parameter as the exponential
matrix of Equation 29. However, such exponential matrices are derived by slightly
changing the BLER value required for design or the minimum SNR requiring a
specific performance.

Examples of representing the sequences of the above Equations as the exponential
matrix are shown in FIGS. 22A to 22D and 23A to 23D.

FIGS. 22A, 22B, 22C, and 22D are diagrams illustrating an LDPC code exponential
matrix according to various embodiments of the disclosure.

FIGS. 23A, 23B, 23C, and 23D are diagrams illustrating an LDPC code exponential
matrix according to various embodiments of the disclosure.

Referring to FIGS. 22A to 22D and 23A to 23D, empty blocks denote portions corre-

sponding to a zero matrix of ZXZ size and may be represented by a specific value,
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such as -1. The exponential matrices of the LDPC code shown in FIGS. 22A to 22D
and 23A to 23D have the same base matrix as that of FIGS. 19A to 19J.

FIGS. 22B to 22D show only some portions of FIG. 22A, which correspond to FIGS.
20B, 20E, and 20H, respectively. Although not shown, other portions of FIG. 22A are
the same as FIGS. 20C, 20D, 20F, 20G, 201, and 20J. Therefore, by combining FIGS.
22B to 22D with FIGS. 20C, 20D, 20F, 20G, 201, and 20J, the new exponential matrix
of FIG. 22A is obtained. Similarly, FIGS. 23B to 23D show only some portions of
FIG. 23A, which correspond to FIGS. 20B, 20E, and 20H, respectively. Although not
shown, other portions of FIG. 23A are the same as FIGS. 20C, 20D, 20F, 20G, 201,
and 20J. Therefore, by combining FIGS. 23B to 23D with FIGS. 20C, 20D, 20F, 20G,
201, and 20J, the new exponential matrix of FIG. 23A is obtained.

Like the LDPC exponential matrices shown in FIGS. 20A to 20J and 21A to 21D,
when parity bits corresponding to a column of degree 1 are punctured in the LDPC
codes based on the exponential matrices shown in FIGS. 22A to 22D and 23A to 23D
or Equation 23 to 35, the LDPC decoder may perform decoding without using the cor-
responding portions in the parity check matrix. Therefore, there is an advantage of
reducing the decoding complexity. However, in case of considering the coding per-
formance, there is a method for improving the performance of the LDPC codes by
adjusting the puncturing order of parity bits or the transmission order of generated
LDPC codeword.

Generally, the performance may be further improved by appropriately applying rate
matching after generating the LDPC codeword by using the base matrix and ex-
ponential matrix corresponding to FIGS. 19A to 19J, 20A to 20J, 21A to 21D, 22A to
22D, and 23A to 23D or Equations 20 to 35. The rate matching may include in-
terleaving of codeword bits. Of course, it is possible to apply to the LDPC encoding
and decoding by appropriately rearranging the order of columns in the base matrix or
exponential matrix based on the rate matching.

As another method for expressing the base matrix or exponential matrix of FIGS.
19A to 19J, 20A to 20J, 21A to 21D, 22A to 22D, and 23A to 23D or Equations 20 to
35, there is a method for representing the positions or values of entries of each matrix
by each column. If there is a certain rule for a part of a matrix, such as the base matrix
or exponential matrix of FIGS. 19A to 19J, 20A to 20J, 21A to 21D, 22A to 22D, and
23A to 23D or Equations 20 to 35, the base matrix or exponential matrix may be
expressed more simply. For example, in case where columns from the 15th column (or
column block) to the last column (or column block) have a diagonal structure like the
base matrix or exponential matrix of FIGS. 19A to 19], 20A to 20J, 21A to 21D, 22A
to 22D, and 23A to 23D or Equations 20 to 35, the positions of entries or their

exponent values may be omitted on the assumption that the transmitting and receiving
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apparatuses know this rule.

As described above, the base matrix and exponential matrix may be expressed in
various ways. If permutation of column or row is applied in the base matrix or ex-
ponential matrix, the same expression is possible by appropriately changing the
positions of sequences or of numbers in the sequence in Equations 20 to 35.

An example of a converted exponential matrix that can be obtained through per-
mutation of columns or rows in a given exponential matrix is shown in FIGS. 24A to
24D.

FIGS. 24A, 24B, 24C, and 24D are diagrams illustrating an LDPC code exponential
matrix according to various embodiments of the disclosure.

Referring to FIGS. 24 A to 24D, the exponential matrix is obtained by adding 11 to
all the exponent values (or shift values) included in the second column block of the ex-
ponential matrix corresponding to Equation 35, subtracting 7 from the exponent values
included in the fourth column block, adding 53 to the exponent values included in the
seventh column block, adding 32 to the exponent values included in the 12th row
block, and subtracting 25 from the exponent values included in the 24th row block.
This method of adding or subtracting a predetermined integer value to or from
exponent values included in the same column block or row block is a method for
simply rearranging columns or rows in a parity check matrix having a quasi-cyclic
structure. In this case, the values of B, C, E, F, H, and I portions in FIG. 24A are fixed
to O without change. This is because such portions are including columns having a
degree of 1 and thereby the column can always be rearranged properly to have the
exponent value of zero without a change of logarithmic nature of the code.

As in the exponential matrices of Equations 23 to 35, the exponential matrix of FIGS.
24A to 24D may also be expressed using a sequence as shown in Equation 36.

[Equation 36]

195175311659220300

18 131 152206 81 17416517100

12659997239100

362156359994 11417300

14727130

84101 140 1331140

111864381640

713014436

49 125 22

186 75 205 81

177 60 21 156

19582 185 164
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[1115]
[1116]
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206 83 81

84153134

39176 104 5

1224 154

1259106 176

57201 194 35

77 47 141

58720

144 184 166

10 135 127

98 189

156 118 65

364311

145 38

12317 1015

168 89

118 197 202

10272

133 17 207 163

1133

162 156 59

7070 179

41 128 17

717575

187 167 77

81122

168 78 109

26 126 87

66 34 207

114 161 189

It should be noted that a partial matrix formed by appropriately selecting rows and
columns from the base matrix and exponential matrix of FIGS. 19A to 19J, 20A to 20J,
21A to 21D, 22A to 22D, 23A to 23D, and 24 A to 24D can be applied to a new base
matrix and exponential matrix and used in the LDPC encoding and decoding methods
and apparatuses.

In addition, depending on systems, the base matrix and the exponential matrix as
shown in FIGS. 19A to 19J, 20A to 20J, 21A to 21D, 22A to 22D, 23A to 23D, and
24A to 24D or Equations 20 to 36 may be used as they are, or only a part thereof may
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be used. For example, a new base matrix or exponential matrix may be generated to
apply LDPC encoding and decoding by concatenating partial matrices including upper
25 rows in the above matrices with another base matrix or exponential matrix of a
21X68 size corresponding to single parity-check codes. For reference, FIGS. 19A to
19F may form a single partial matrix, and portions A to F of FIGS. 20A to 20J, 21A to
21D, 22A to 22D, 23A to 23D, and 24A may form the partial matrix. This is, however,
is not construed as a limitation.

FIGS. 25A, 25B, 25C, and 25D are diagrams illustrating an LDPC code exponential
matrix according to various embodiments of the disclosure.

Referring to FIGS. 25A, 25B, 25C, and 25D, the exponential matrix is formed by
suitably changing the lower nine rows in the exponential matrix of Equation 35 while
leaving the upper 33 rows. The nine changed rows in FIGS. 25A to 25D are not
designed to be optimized for the upper 33 rows of the exponential matrix of Equation
35. However, the performance of the system is not significantly deteriorated even if
rows are suitably changed according to the purpose of the system. However, when too
many rows are changed without considering the optimization process, system per-
formance may be degraded.

As in the exponential matrices of Equations 23 to 36, the exponential matrix of FIGS.
25A to 25D may also be expressed using a sequence as shown in Equation 37.

[Equation 37]

195175201659220300

18 131 159206 81 121 16517100

12659997939100

36204705999 15911417300

14727130

84 101 14080 1140

11186 198 81 640

71309136

49 125 22

186 75 205 81

177 60 21 103

19529 185 164

174 51 49

84153134

39176 104 5

1224 154

1259106 176

57201 194 35
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77 47 88

58720

144 191 166

10 135 127

98 178

156 118 65

6157 36

145 38

112172 1015

168 89

118 186 202

10279

122 17 154 163

1133

162 156 59

163 173 179

197 191 193

157 167 181

197 167 179

181 193

157 173 191

181 157 173

193 163 179

191 197 167

The parity check matrix of the LDPC code defined by the base matrix and the ex-
ponential matrix shown in FIGS. 19A to 19J, 20A to 20J, 21A to 21D, 22A to 22D,
23A to 23D, 24A to 24D, and 25A to 25D may be considered as corresponding to
single parity-check codes having a 38X52 size partial matrix consisting of 38 rows
from the bottom. This parity check matrix that applies a concatenation scheme with
single parity-check codes is easy of expandability, thus being advantageous in applying
the IR technique. Because the IR technique is important for supporting the HARQ, the
efficient and high-performance IR technique increases the efficiency of the HARQ
system. The LDPC codes based on the parity check matrices may apply the efficient
and high-performance IR technique by generating and transmitting a new parity using
a portion expanded from a single parity-check code.

While the disclosure has been shown and described with reference to various em-
bodiments thereof, it will be understood by those skilled in the art that various changes

in form and details may be made therein without departing from the spirit and scope of



WO 2018/236173 PCT/KR2018/007055
62

the disclosure as defined by the appended claims and their equivalents.
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Claims

[Claim 1] A channel encoding method of a transmitter in a communication
system, the method comprising:
identifying a block size (Z) and a shift value sequence; and
performing low density parity check (LDPC) encoding on a bit
sequence of a code block based on the block size and the shift value
sequence; and
transmitting encoded bit sequence to a receiver,
wherein the shift value sequence associated with circular shift values of
a block is predetermined, and
wherein the block is a permutation matrix of size ZXZ.
[Claim 2] The method of claim 1, wherein the block size (Z) is determined as one
of values given below:
Z1'=1{3,6, 12, 24, 48, 96, 192, 384}
72'={11, 22,44, 88, 176, 352}
Z3'={5, 10, 20, 40, 80, 160, 320}
7Z4'= {9, 18, 36, 72, 144, 288}
75'=1{2,4,8, 16, 32, 64, 128, 256}
76'= {15, 30, 60, 120, 240}
Z7'=1{7, 14,28, 56, 112, 224}
78'= {13, 26, 52, 104, 208 }.
[Claim 3] The method of claim 1, wherein the shift value sequence includes 33
rows corresponding to a sequence given below:
14319176 165196 1300
18273102 185171418000
126 16347 183132100
3648181112033 191 16000
43271170
136 4936 132620
734198168120
163 78 143 107 58 0
101 177220
186 27 205 810
12560177510
39293580
18155490
3253951860
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9120521090

174 108 102 0

1253154 176 0

57201142350

129203 140 0

110124520

196351140

10122230

202 1260

52170130

113161 880

197 1940

164 17249 161 0

168 1930

1418646 0

50270

70175060

1151890

1100 163 0, and

wherein the shift value sequence is used when the block size (Z) is

identified as one of 13 and multiples of 13.
[Claim 4] The method of claim 1, wherein the shift value sequence includes 42

rows corresponding to a sequence given below:

156 1431434012300

17656315537171 13300

98168 10782142100

53174174 127178917 10500

86 67830

79 8435103600

47 15410155290

48 1252447550

53311610

104 14299 64 0

11125174230

91175241410

1221140

2991271270

1114581660
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137103400
78 158 17 1650
13423621630
17331220
131351450
128 521730
156 166400
18163 0
110 132150 0
113108610
721360
3638531450
421040
64241490
1391610
8417393290
117 1480
116 731420
105137290
11411620
126 1521720
731541290
167 380
1127190
1096 1050
160 156 82 0
1326 8 0, and
wherein the shift value sequence is used when the block size (Z) is
identified as one of 11 and multiples of 11.
[Claim 5] A channel decoding method of a receiver in a communication system,
the method comprising:
identifying a block size (Z) and a shift value sequence; and
performing low density parity check (LDPC) decoding on a de-
modulated received signal based on the block size (Z) and the shift
value sequence,
wherein the shift value sequence associated with circular shift values of
a block is predetermined, and

wherein the block is a permutation matrix of size ZXZ.
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[Claim 6] The method of claim 5, wherein the block size (Z) is determined as one
of values given below:

Z1'={3,6, 12, 24, 48, 96, 192, 384}
Z2'={11, 22,44, 88, 176, 352}
Z3'= {5, 10, 20, 40, 80, 160, 320}
Z4'= {9, 18, 36, 72, 144, 288}
75'={2,4,8, 16,32, 64, 128, 256}
76'= {15, 30, 60, 120, 240}
Z7={7, 14,28, 56, 112,224}

Z8'= {13, 26,52, 104, 208}.

[Claim 7] The method of claim 5, wherein the shift value sequence includes 33
rows corresponding to a sequence given below:
14319176 165196 1300
18273 1021851714 18000
126 16347 183132100
3648181112033 19116000
43271170
136 49 36 132620
734198168 120
16378 143 107 58 0
101 177220
18627205810
12560 177 510
39293580
18 155490
3253951860
9120521090
174 108 102 0
12531541760
57201142350
129203 1400
110124520
196351140
10 12223 0
202 126 0
52170130
113161880
197 194 0
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164 17249 161 0

168 1930

1418646 0

50270

70175060

1151890

1100 163 0, and

wherein the shift value sequence is used when the block size (Z) is
identified as one of 13 and multiples of 13.
The method of claim 5, wherein the shift value sequence includes 42
rows corresponding to a sequence given below:
156 1431434012300

176563 1553717113300

98168 10782142100

53174174 127178917 10500

86 67830

79 8435103600

47 15410155290

48 1252447550

53311610

104 14299 64 0

11125174230

91175241410

1221140

2991271270

1114581660

137103400

78 158 17 1650

13423621630

17331220

131351450

128 521730

156 166400

18163 0

110 132150 0

113108610

721360

3638531450
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421040
64241490
1391610
8417393290
117 1480
116 731420
105137290
11411620
126 1521720
731541290
167 380
1127190
1096 1050
160 156 82 0
1326 8 0, and
wherein the shift value sequence is used when the block size (Z) is
identified as one of 11 and multiples of 11.
[Claim 9] A transmitter in a communication system, the transmitter comprising:
a transceiver; and
at least one processor coupled with the transceiver and configured to
control to:
identify a block size (Z) and a shift value sequence,
perform low density parity check (LDPC) encoding on a bit sequence
of a code block based on the block size and the shift value sequence,
and
transmit encoded bit sequence to a receiver,
wherein the shift value sequence associated with circular shift values of
a block is predetermined, and
wherein the block is a permutation matrix of size ZXZ.
[Claim 10] The transmitter of claim 9, wherein the block size (Z) is determined as
one of values given below:
Z1'=1{3,6, 12, 24, 48, 96, 192, 384}
72'={11, 22,44, 88, 176, 352}
73'= {5, 10, 20, 40, 80, 160, 320}
7Z4'= {9, 18, 36, 72, 144, 288}
75'=1{2,4,8, 16, 32, 64, 128, 256}
76'= {15, 30, 60, 120, 240}
Z7'=1{7, 14,28, 56, 112, 224}
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78'= {13, 26, 52, 104, 208 }.
[Claim 11] The transmitter of claim 9, wherein the shift value sequence includes

33 rows corresponding to a sequence given below:

14319176 165196 1300

18273102 185171418000

126 16347 183132100

3648181112033 191 16000

43271170

136 4936 132620

734198168120

163 78 143 107 58 0

101 177220

186 27 205 810

12560177510

39293580

18155490

3253951860

9120521090

174 108 102 0

1253154 176 0

57201142350

129203 140 0

110124520

196351140

10122230

202 1260

52170130

113161 880

197 1940

164 17249 161 0

168 1930

1418646 0

50270

70175060

1151890

1100 163 0, and

wherein the shift value sequence is used when the block size (Z) is

identified as one of 13 and multiples of 13.
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[Claim 12] The transmitter of claim 9, wherein the shift value sequence includes
42 rows corresponding to a sequence given below:
156 1431434012300
176563 1553717113300
98168 10782142100
53174174 127178917 10500
8667830
798435103600
47 154 10 155290
48 1252447550
53311610
104 14299 64 0
11125174230
9117524 1410
1221140
2991271270
111458 166 0
137103400
78 158 17 1650
1342362 1630
17331220
131351450
128 521730
156 166 40 0
18 163 0
110 132150 0
113108610
721360
3638531450
421040
6424 1490
1391610
84 17393290
117 1480
116 731420
105 137290
11411620
126 1521720
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731541290

167 380

1127190

1096 1050

160 156 82 0

1326 8 0, and

wherein the shift value sequence is used when the block size (Z) is
identified as one of 11 and multiples of 11.

A receiver in a communication system, the receiver comprising:

a transceiver; and

at least one processor coupled with the transceiver and configured to
control to:

identify a block size (Z) and a shift value sequence, and

perform low density parity check (LDPC) decoding on a demodulated
received signal based on the block size (Z) and the shift value
sequence,

wherein the shift value sequence associated with circular shift values of
a block is predetermined, and

wherein the block is a permutation matrix of size ZXZ.

The receiver of claim 13, wherein the shift value sequence includes 33
rows corresponding to a sequence given below:

14319176 165196 1300

18273102 185171418000

126 16347 183132100

3648 18 1112033191 16000

43271170

1364936 132620

734198168120

16378 143 107 58 0

101 177220

186 27205 810

12560177510

39293580

18155490

3253951860

9120521090

174 108 102 0

1253154 176 0
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57201142350

129203 140 0

110124520

196351140

10122230

202 1260

52170130

113161 880

197 1940

164 17249 161 0

168 1930

1418646 0

50270

70175060

1151890

1100 163 0, and

wherein the shift value sequence is used when the block size (Z) is

identified as one of 13 and multiples of 13.
[Claim 15] The receiver of claim 13, wherein the shift value sequence includes 42

rows corresponding to a sequence given below:

156 1431434012300

17656315537171 13300

98168 10782142100

53174174 127178917 10500

86 67830

79 8435103600

47 15410155290

48 1252447550

53311610

104 14299 64 0

11125174230

91175241410

1221140

2991271270

1114581660

137103400

78 158 17 1650

1342362 1630
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17331220
131351450
128 521730
156 16640 0
18 1630
110132 1500
113108610
72136 0
3638531450
42 1040
64241490
1391610
8417393290
117 1480
116 731420
105137290
11411620
126 1521720
731541290
167 380
1127190
10961050
160 156 820
1326 8 0, and

73
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wherein the shift value sequence is used when the block size (Z) is

identified as one of 11 and multiples of 11.
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[Fig. 3a]
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[Fig. 3b]
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[Fig. 13]
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[Fig. 14]
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[Fig. 15]
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[Fig. 16]
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[Fig. 17]
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[Fig. 19b]
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[Fig. 19f]
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[Fig. 20j]
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
[Fig. 21a]
218 210 21D
21E 21F 21G
21H 211 21
[Fig. 21b]
143| 19 | 176 | 165 196 13 0
18 27 | 3 [102]185] 17 | 14 | 180 0
126 | 163 47 1183 132
36 | 48 18 111203 3 | 191|160
B3| 27 117 0
136 | 49 36 132 62 0
7 3l 198 168 12 0




WO 2018/236173 PCT/KR2018/007055
23/30

[Fig. 21c]
163 18 143 107 o8
101 | 177 22
186 21 205 | 81
125 | 60 177 51
39 29 3o 8
18 139 49
32 | 53 95 186
91 20 52 109
174 108 | 102
125 31 94 | 176
ol 201 142 35
129 203 | 140
110124 02
196 35 114
10 122 23
[Fig. 21d]
202 | 126
92 170 13
113 | 161 88
197 194
164 172 49 | 161
168 193
14 | 186 46
0 21
10 17 a]l] 6
119 189
110 0 163
206 97 136
81 29 | 108
95 207 16
82 9/ 18
14 20
15 12 19
17 96 174
62 24 167
92 18 19




WO 2018/236173

PCT/KR2018/007055

24/30
[Fig. 22a]
228 220 220
22t 22F 22G
224 22l 22
[Fig. 22b]
232| 76 1250 | 10 132 21100
107 126 62 | 99 | 50 | 9D | 191|232 0|0
90 | 136 245 | 64 102 1 0.0
197 | 224 20311401 70 (179 5 | 8 | O 0
64 | 18 207
154 | 219 164 9 196 0
135 204 53 59 98 0
[Fig. 22c]
210 253 103 110 209
200 | 222 113
83 18 101 | 108
122 | 157 203 | 107
190 149 ) 218
38 o8 233
118 | 68 40 245
68 67 19 243
14 221 39
38 204 16 | 7
114 156 1|38
167 136 | 204
201 | 215 180
1B 194 o8
217 31 206




WO 2018/236173 PCT/KR2018/007055
25/30
[Fig. 22d]
190 | 98
14 200 147
129 | 211 254
17 197
121 14 b1 | 18
19 208
229 | 191 135
197 138
104 95 ll] 234
b7 233
218 21 61
247 2317 15
196 171 212
254 12 150
212 226 188
204 219
214 175 11
47 195 245
24 81 134
40 ) 112
[Fig. 23a]
238 23C 23D
23E 23F 236
23H 23 23]
[Fig. 23b]
156|143 | 14 | 3 40 123/ 0 | 0
17 69 (63 | 1 |95 |37 |171[133 00
98 | 168 107 | 82 142 1 00
93 [ 174 174 (12717 | 89 | 17 |105] O 0
86 | 67 83
79 | 84 35 103 60 0
17 194 10 135 29 0




WO 2018/236173 PCT/KR2018/007055
26/30
[Fig. 23c]
48 125 24 1] 29
53 | 31 161
104 142 99 | 64
111 25 174 | 23
91 175 24 14
122 11 1
29 | 91 21 127
1 145 8 166
137 103 | 40
18 158 17 | 165
134 23 62 | 163
173 31 | 22
13 [ 135 145
128 92 173
196 166 40
[Fig. 23d]
18 | 163
110 132 150
113|108 61
72 136
d6 38 93 | 145
2 104
64 | 24 149
139 161
84 173 93 29
117 148
116 13 142
105 137 29
1A 41 1162
126 152 172
73 194 129
167 38
112 1 19
109 ] 105
160 156 82
132 6 8




WO 2018/236173 PCT/KR2018/007055
27/30
[Fig. 24a]
24B 240 21D
24E 24F 246
204 24 24)
[Fig. 24b]
195|175 | 31 | 165 92 203/ 0|0
18 131152 | 206 | 81 | 174|165 | 1T 010
126 | 59 9 7 39 1 00
36 | 215 6399 |99 | 4 14| 173] 0 0
147 21 13
84 | 101 140 133 114
m 86 13 81 64 0
[Fig. 24c]
1 130 144 3 b
49 | 125 22
186 1 205 | 81
177 60 21 | 156
195 82 18 164
206 83 81
81 | 1 03 134
39 176 104 i)
122 4 104
125 9 106 | 176
o7 201 1941 35
N 17 | 1M1
o8 | 72 0
144 184 166
10 135 121




PCT/KR2018/007055

WO 2018/236173
28/30
[Fig. 24d]
98 | 189
106 118 69
36 | 43 11
149 38
123 17 101 5
168 89
118 | 197 202
102 12
133 17 207 163
1 33
162 136 09
10 10 179
4 128 | 17
1 1% J5
187 167 n
81 122
168 18 109
26 126 87
66 3 207
114 161 189
[Fig. 25a]
208 250 230
25E 29F 236G
25H 20l 25)




PCT/KR2018/007055

WO 2018/236173
29/30
[Fig. 25b]
195 (170 | 20 | 160 92 203 00
18 131 | 159 | 206 | 81 | 121 | 165 | 171 00
126 | 99 99 1 39 1 00
36 | 204 70 | 59 | 99 | 159 (114|173 | 0 0
147 21 13
84 | 101 140 80 114
Al 86 198 81 64 0
[Fig. 25¢]
1 130 g1 3 6
19 | 125 22
186 I5) 205 | 81
177 60 21 1103
195 29 18D 164
174 5] 19
8 | 1 03 134
39 176 104 0
122 4 | 104
125 9 106 | 176
0l 201 194 | 35
I 47 | 88
08 | 12 0
144 191 166
10 130 121




PCT/KR2018/007055

WO 2018/236173
30/30
[Fig. 25d]
98 178
156 118 65
61 | 97 36
145 38
112 17 101 5
168 89
118 | 186 202
102 n
122 11 154 163
1 33
162 156 a9
163 173 11
197 191 | 193
151 167 181
197 167 1
181 193
151 173 191
181 157 173
193 163 179
191 197 167




International application No.

A A AR!
INTERNATIONAL SEARCH REPORT PCT/KR2018/007055

A. CLASSIFICATION OF SUBJECT MATTER
HO3M 13/11(2006.01)i, HO3M 13/00(2006.01)i

According to International Patent Classification (IPC) or to both national classification and [PC

B. FIELDS SEARCHED

Minimum documentation searched (classification system followed by classification symbols)
HO3M 13/11; HO4L 1/00; HO3M 13/00; HO3M 13/05; GO6F 11/10

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched

Korean utility models and applications for utility models
Japanese utility models and applications for utility models

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used)
cKOMPASS(KIPO internal) & Keywords: block size, shift value sequence, LDPC

C. DOCUMENTS CONSIDERED TO BE RELEVANT
Category* Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.
X ZTE, “Shift coefficient design for base graph #1°, R1-1710845, 3GPP TSG RAN 1,2,5,6,9,10,13
WG1 NR Ad-Hoc#2, Qingdao, P.R. China, 20 June 2017
See pages 1, 2; and figure 1.
A 3,4,7,8,11,12,14
,15
A MEDIATEK INC., “On NR LDPC design and performance®, R1-1710829, 3GPP TSG RAN 1-15
WG1 NR Ad-Hoc#2, Qingdao, P.R. China, 20 June 2017
See pages 1-4.
A NOKIA, “Summary of [89-24] Email discussion on LDPC code base graph #1 for 1-15
NR™, R1-1711545, 3GPP TSG RAN WGl NR Ad-Hoc#2, Qingdao, P.R. China, 19 June
2017
See sections 2.2-3.
A US 2017-0149528 A1 (SAMSUNG ELECTRONICS CO., LTD.) 25 May 2017 1-15
See paragraphs [0084]-[0145], [0249]-10396]; and figures 3, 4, 14A-16D, 19,
20.
A US 2011-0029835 A1 (ZONGWANG LI et al.) 03 February 2011 1-15
See paragraphs [0020]-[0026]; and figures 2, 3.

|:| Further documents are listed in the continuation of Box C.

See patent family annex.

* Special categories of cited documents: "T" later document published after the international filing date or priority
"A" document defining the general state of the art which is not considered date and not in conflict with the application but cited to understand
to be of particular relevance the principle or theory underlying the invention
"E" carlier application or patent but published on or after the international "X" document of particular relevance; the claimed invention cannot be
filing date considered novel or cannot be considered to involve an inventive
"L"  document which may throw doubts on priority claim(s) or which is step when the document is taken alone
cited to establish the publication date of another citation or other "Y" document of particular relevance; the claimed invention cannot be
special reason (as specified) considered to involve an inventive step when the document is
"O" document referring to an oral disclosure, use, exhibition or other combined with one or more other such documents,such combination
means being obvious to a person skilled in the art
"P"  document published prior to the international filing date but later "&" document member of the same patent family

than the priority date claimed

Date of the actual completion of the international search

20 September 2018 (20.09.2018)

Date of mailing of the international search report

20 September 2018 (20.09.2018)

Name and mailing address of the [SA/KR

Facsimile No. +82-42-481-8578

International Application Division
Korean Intellectual Property Office
189 Cheongsa-ro, Seo-gu, Daejeon, 35208, Republic of Korea

Authorized officer

AHN, Jeong Hwan

Telephone No.

+82-42-481-8633

Form PCT/ISA/210 (second sheet) (January 2015)




INTERNATIONAL SEARCH REPORT

International application No.

Information on patent family members PCT/KR2018/007055

Patent document Publication Patent family Publication

cited in search report date member(s) date

US 2017-0149528 Al 25/05/2017 KR 10-2017-0060562 A 01/06/2017
KR 10-2017-0060566 A 01/06/2017
KR 10-2017-0060574 A 01/06/2017
KR 10-2017-0060600 A 01/06/2017
WO 2017-091018 Al 01/06/2017

US 2011-0029835 Al 03/02/2011 US 8321746 B2 27/11/2012

Form PCT/ISA/210 (patent family annex) (January 2015)




	Page 1 - front-page
	Page 2 - description
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - description
	Page 14 - description
	Page 15 - description
	Page 16 - description
	Page 17 - description
	Page 18 - description
	Page 19 - description
	Page 20 - description
	Page 21 - description
	Page 22 - description
	Page 23 - description
	Page 24 - description
	Page 25 - description
	Page 26 - description
	Page 27 - description
	Page 28 - description
	Page 29 - description
	Page 30 - description
	Page 31 - description
	Page 32 - description
	Page 33 - description
	Page 34 - description
	Page 35 - description
	Page 36 - description
	Page 37 - description
	Page 38 - description
	Page 39 - description
	Page 40 - description
	Page 41 - description
	Page 42 - description
	Page 43 - description
	Page 44 - description
	Page 45 - description
	Page 46 - description
	Page 47 - description
	Page 48 - description
	Page 49 - description
	Page 50 - description
	Page 51 - description
	Page 52 - description
	Page 53 - description
	Page 54 - description
	Page 55 - description
	Page 56 - description
	Page 57 - description
	Page 58 - description
	Page 59 - description
	Page 60 - description
	Page 61 - description
	Page 62 - description
	Page 63 - description
	Page 64 - claims
	Page 65 - claims
	Page 66 - claims
	Page 67 - claims
	Page 68 - claims
	Page 69 - claims
	Page 70 - claims
	Page 71 - claims
	Page 72 - claims
	Page 73 - claims
	Page 74 - claims
	Page 75 - drawings
	Page 76 - drawings
	Page 77 - drawings
	Page 78 - drawings
	Page 79 - drawings
	Page 80 - drawings
	Page 81 - drawings
	Page 82 - drawings
	Page 83 - drawings
	Page 84 - drawings
	Page 85 - drawings
	Page 86 - drawings
	Page 87 - drawings
	Page 88 - drawings
	Page 89 - drawings
	Page 90 - drawings
	Page 91 - drawings
	Page 92 - drawings
	Page 93 - drawings
	Page 94 - drawings
	Page 95 - drawings
	Page 96 - drawings
	Page 97 - drawings
	Page 98 - drawings
	Page 99 - drawings
	Page 100 - drawings
	Page 101 - drawings
	Page 102 - drawings
	Page 103 - drawings
	Page 104 - drawings
	Page 105 - wo-search-report
	Page 106 - wo-search-report

