Description CODING METHOD AND CODING DEVICE Technical Field [0001] The present
invention relates to coding method and coding device for coding of plural codes having different code
rates, and particularly to coding method and coding device that allow codes to have favorable BER
(bit error rate) performance both with a low code rate and with a high code rate. Background Art [0002]
In general, in many communication devices and recording and reproducing devices, reduction in the
BER of digital transmission information is attempted by transmitting a code sequence arising from
coding of an input information sequence. [0003]

Description

CODING METHOD AND CODING DEVICE

Technical Field
r0001]

The present invention relates to coding method and
coding device for coding of plural codes having different
code rates, and particularly to coding method and coding
device that allow codes to have favorable BER (bit error
rate) performance both with a low code rate and with a
high code rate.

Background Art
[0cc21

In general, in many communication devices and
recording and reproducing devices, reduction in the BER
of digital transmission information is attempted by
transmitting a code seguence arising from coding of an
input information seguence.

[00G3]

FiG. 1 is a block diagram showing the configuration
of a conventional wireless communication system 1
composed of a transmitting device 11 and a receiving

device 12.



FIG. 1 is a block diagram showing the configuration of a conventional wireless communication system
1 composed of a transmitting device 11 and a receiving device 12. [0004] In FIG. 1, initially an
information sequence on the user side is input to a coder 21 and is coded at a rate of k/n to become a
code sequence. [0005] Here, k is the information word length, n is the codeword length, and k/n is
called the code rate or the coding rate. Furthermore, for the coding, plural kinds of coding, such as
encryption, error correction coding, and ALL (run length limited) coding, are frequently combined.
[0006] The code sequence is input to a transmitter 22, and transmission signals are transmitted to
the space by i[r%%%sélr?itting antenna in the transmitter 22 in the case of the transmitting device 11 in
the wireless communication system 1. [0007]

In FIG. 1, initially an information sequence on the
user side 1s input to a coder 21 and is coded at a rate
of k/n to become a code sequence,

[0005]

Here, k is the information word length, n is the
codeword length, and k/n is called the code rate or the
coding rate. Furthermore, for the coding, plural kinds of
coding, such as encryption, error correction coding, and
RLL {run length limited) coding, are freguently combined.
[(0CG06]

The code seqguence i1s input to a transmitter 22, and
transmission signals are transmitted to the space by a
transmltting antenna in the transmitter 22 in the case of
the transmitting device 11 in the wireless communication
system 1.

(0007

The transmission signals are input to a receiver 31,
and the input signals are converted from the signals in
the space to analog reception signals by a recelving
antenna in the receiver 31 in the case of the receiving
device 12 in the wireless communication system 1

[0cog]

These analog signals are egualized to a



The transmission signals are input to a receiver 31, and the input signals are converted from the
signals in the space to analog reception signals by a receiving antenna in the receiver 31 in the case
of the receiving device 12 in the wireless communication system 1. [0008] These analog signals are
equalized to a predetermined target equalization characteristic by using an analog equalizer, which is
not diagrammatically represented, and then converted every time to digital reception signals in an A/D
(analog/digital) converter 32. A phase synchronization circuit, which is not diagrammatically
represented, is included in the A/D converter 32. [0009] The digital reception signals are

converted to tecte e .se ce.or a sequence of information on the posterior probability
g#e%(?g &%qu}'e% %Uat?ge SpEAUENEE O gkagzﬁ‘% 1S RO tgi%g“dset%%e 4o

thereof inac etector 33, an reafter'input to a decoder lowed by be

detected inforgation é@q;gs @&&rﬂ% QEC\/KJB p&gogpg a, g@teggeggiggqmigg Seqyence. [0010]

However, if the equalization by the analog equalizer is not sufficient, there is also'a case in which a

digital equalizet.isRrovided between the A/ canverter32.and-the-cqde detegtoy, 33, Furthermore, in
recent years, it is general that a soft-decision detector such as a Viterbi detector is used in the code

detector 33 Meeeayviet.iiban Berative decading method isuseshindhe desoder34; a-pasteriorprobability
detector is used in the code detector 33 in some cases.

A phase synchronization circuit, which is not

diagrammatically represented, is included in the A/D

converter 32.

[0009]

The digital reception signals are converted to a
detected code seqguence or a segquence of information on
the postericr probability thereof in a code detector 33,
and thereafter input to a decoder 34, followed by being
decoded to detected information weords at a rate of n/k to
become a detected information seguence.

[0010]

However, 1f the equalization by the analog
egqualizer ig not sufficient, there is alsc a case in
which a digital equalizer is provided between the A/D
converter 32 and the code detector 33. Furthermore, in
recent years, it is general that & soft-dscision detecror
such as a Viterbi detector is used in the code detector
33. Moreover, if an iterative decoding method is used in
the decoder 34, a posterior probabilitv detector is used

in the code detector 32 in some cases.



[0011] Although the wireless communication system 1 composed of the transmitting device 11
and the receiving device 12 is described in FIG. 1, it is also possible to employ a recording and
reproducing system composed of a recording device in which a recorder is provided instead of the
transmitter 22 and a reproducing device in which a reproducer is provided instead of the receiver 31.
In this case, the processing executed by the coder 21, the A/c converter 32, the code detector 33, and
the decoder 34 in the recording and reproducing system is similar to the processing executed in the
wireless communication system 1. [0012] By the way, in FIG. 1, various codes are studied as the
error correctinig}%(i es used in the coder 21 and the decoder 34, and a part of the codes, such as an
RS (Reed Solomon) code, has been put into practical use. [0013] In recent years, studies are

being intensively promgted.on, g;9. communication.fields such asmopjle.campnication and deep

space communication and broadcasting fields such as terrestrial or satellite digital broadcasting. Along
with this, studieselaling 4o the.eode theony for {he;puepese Of enhaneing{be efficieneyyg the error

correction coding and decoding are also being made, [0014]
device 12 is described in FIG. 1, it is also possibkle to
employ a recording and reproducing system composed of a
recording device in which a recorder is provided instead
of the transmitter 22 and a reproducing device in which a
reproducer is provided instead c¢f the receiver 31. In
this case, the processing executed by the coder 21, the
A/D converter 32, the code detector 33, and the decoder
34 in the recording and reproducing system is similar to
the processing executed in the wireless communication
system 1.
10012]

By the way, in FIG. 1, various codes are studied as
the errcr correcting codes used in the coder Z1 and the
decoder 34, and a part of the codes, such as an RS (Reed
Solomon) code, has been put into practical use.

[CC13]

In recent vears, studies are being intensively
promoted on e.g. communication fields such as mobile
communication and deep space communication and

reoadcasting fields such as terrestrial or satellite

digital broadcasting. 2Along with this, studies relating



As a theoretical limit to the code performance, the Shannon limit, given by the so-called channel -
coding theory of Shannon (C. E. Shannon), is known. One of the purposes of the studies relating to
the code theory is to develop codes exhibiting performance close to this Shannon limit. As coding
methods exhibiting performance close to the Shannon limit, schemes referred to as so-called turbo
coding, such as parallel concatenated convolutional codes and serial concatenated convolutional
codes, have been developed. [0015] Furthermore, in recent years, while these turbo codes are
developed, studies are being actively made on a low-density parity-check (LDPC (low-density

parity-check c%(%e)t %de %%8@,0& error cgrregtii,!n codes that a:f used by the coder 21 and the
decoder 34 in FIG. 1 and are efféctive to réducs the BER 5ftransmisidfSnfofmatian, [0016]

Although the LORS co as. a code that was proposed in 1962 hy R. G. Gallager and had been
known from olﬁ*ﬁrﬁéjst,g rge%,in%[& it Tg %eggr“ﬁ%b c 8£J"t at the LDP Xc%%e%% \i%%@é&%nt decoding
performance. The LDRC, cade js.disclgsed in Non-patent document I. Due to recent studies, it is
becoming known that, in the case of a code having a low code rate, the LDPC code can achieve
performance cleser 49 the Shannon limit when the code length is set longer. Furthermore, the LOPC
code has a characteristic that the minimum distance is not necessarily in proportion to the code length.

[0.017] Here, the LRPE codedeters e a pafity. eheck code having adarity-check-mairix.

(hereinafter, referred to as the check matrix) in which the density of non-zero elements is low (sparse).
Shannon limit, glven by the so-called channel coding
theory of Shannon (C. E. Shannon), is known. One of the
purpeses of the studies relating to the code theory is to
develop codes exhibiting performance close to this
Shannon Limit. As coding methods exhibiting performance
clogse to the Shannon limit, schemes referred to as so-
called turbo coding,-such as parailel concatenated
convoluticonal codes and serial concatenated convolutional
codes, have been developed.
[0C15)]

Furthermcre, in recent vears, while these turbo
codes are developed, studies are being actively made on a
low-density parity-check (LDPC {low-density parity-check
code) code as one of error correcting codes that are used
by the coder 21 and the decoder 34 in FIG. 1 and are
effective to reduce the BER of transmission information.
[001¢&]
Although the LDPC code was a code that was proposed

in 1862 by R. G. Gallager and had been known from old



[0018] Therefore, the LDPC code is the name applied to codes in a very wide range for which the
number of nonzero elements in the check matrix is only defined somewhat ambiguously, and does not
refer to a code that follows a certain specific code generation rule unlike e.g. the RS code, which is
generally well-known. That is, attention needs to be paid to the fact that there exist infinitely many
codes that can be called the LDPC code. [0019] Furthermore, in general, one of iterative
decoding methods called a. Sum-Product decoding method or a BeliefPropaga on (BP) decoding
method is applied to decoding of the LDPC code. [0020] In the LDPC code, such a code that the
column WEighE%fn{[QS chggk&@gix is gonsga%tgggﬁged are ulgr LDPC code, whereas such an LDPC
code that the co umn'weigﬁt Of thé check matrix i NoCcoHstant is called am iri'@diﬁarcﬂgﬁc code.

0021]  Compansslwith Ihe reqular |9PG gode. e peonlir LDPC-eode. cap achieye higher error

correction ability generally but readily leads to a a?rg r circuit scale. However, when ode rate is

higher, the difference-jindhe errogsorrection, ability between the iregular, LQE&%@%%%%%SEGQU'“

LDPC code is smaller. [0022] Furthermore, in recent years, a method in which a uasi
Cyclic) code knewndrare olhtimgs is, used asdhe LPPG sede.isaltraeting attention.as gpe of methods

that can reduce the circuit scales of coder and decoder for the LDPC code (in FIG. 1, the coder 21 and
the decode- 34pw code rate, the LDPC code can achieve performance

closer to the Shannon limit when the code length is set

longer. Furthermore, the LDPC code has a characteristic

that the minimum distance is not necessarily in

proportion to the code length.

[G017]

Here, the LDPC code refers to & parity check code
having a parity check matrix (hereinafter, referred to as
the check matrix) in which the density of non-zero
elements is low (sparse).

[C018]

Therefore, the LDPC code is the name applied to
codes in a very wide range for which the number of non-
zero elements in the check matrix is only defined |
somewhat ambiguously, and deoes not refer to a code that
follows a certain specific code generation rule unlike
e.g. the RS code, which is generally well-known. That is,
attention needs to be paid to the fact that there exist
infinitely many codes that can be called the LDPC code.

{0019]



[0023] The regularity of the check matrix of the QC code is very high, and it is expected that,
when the QC code is used as the LDPC code, the circuit scales of coder and decoder can be reduced
by utilizing the regularity. [0024] Here, the QC code refers to a code in which a sequence arising
from the cyclic shift of any codeword by a cycle p (1p < n) that is a certain natural number is a
codeword other than the original codeword. The QC code with p = 1 is called the cyclic code. [0025]
Details of the QC code are disclosed in e.g. Non-patent document 2. The check matrix of the QC code
can be represented by using pq cyclic matrices, in which q is a natural number. [002-6] In
general, an m rows a”%&?ﬂ@{%”& %n xj{?) r?/é:rlli%z%afrix iosndefingd.qse%glaf@é irgjwhicg.all columns
arise from the cyclic shift of any Certaih columin such as the first column. - - Seoaing

metheds called a Sum~Product decoding method or a Belief-
Propagation (BP) decoding method is applied to decoding
of the LDPC code.

[0020]

In the LDPC code, such a code that the column

[t}

weight of the check matrix is constant is called a
regular LDPC code, whereas such an LDPC code that the
column weight of the check matrix is not constant is
called an irregular LDPC code.
(00217

Compared with the regular LDPC code, the irregular
LDPC code can achieve higher error correction ability
generally but readily leads to a larger clrcuit scale.
However, when the code rate i1s higher, the difference in
the error correction ability between the lrregular LDPC
code and the regular LDPC code is smaller.

F0022]

|

urthermore, in recent vears, a method in which a
QC {(Quasi Cyclic) code known from old times iz used as
the LDPC ceode 1s attracting attention as one of methods
that can reduce the cilrcuit scales of coder and decoder
for the LDPC code (in FIG. 1, the codeaer 21 and the

decoder 34;.



[0027] Specifically, if the leftmost first column vector in an m x m cyclic matrix C is defined as
[xoxi (T represents transposition operation), C is represented as the following Equation (1), [0028]
[Formula 1] XOXM-1M-2 IX X

[0023]

The regularity of the check matrix of the OC code
is very high, and it iz expected that, when the QC code
is used as the LDPC code, the circuit scales of coder and
decoder can be reduced by utilizing the regularity.

[0024]

Here, the QC code refers to a code in which a
sequence arising from the cyclic shift of any codeword by
a cycle p (1 £ p < nj that is a certain natural number is
a codeword other than the original codeword. The OC code
with p = 1 is called the cyclic code.

[0025]
Details of the QC code are disclosed in e.g. Non-~

patent document Z. The check matrix of the QU code can be

i

epresented by using prg cyclic matrices, in which g is a
natural number.
[002¢]

In general, an m rows and m columns {(m x m) cyclic
matrix is defined as a matrix in which all columns arise
from the cyclic shift of any certain column such as the
first column.

[0027]
Specifically, 1f the leftmost first column vector

in an m x m cyclic matrix C is defined as [xoxi®*  Xgp1]® (T



XXX0-- X311 X M-I XM-2 X01-3 - [0029] Although the respective columns of the cyclic matrix C are
cyclically shifted in the downward direction of the matrix in Equation (1), the cyclic matrix C may be
defined by cyclically shifting them in the upward direction. The inverse matrix of a cyclic matrix and the
product of two cyclic matrices are each a cyclic matrix. [0030] A check matrix H(p, q) of a QC code,
composed of p-q cyclic matrices and having a cycle 10, is defined as the following Equation (2) in
general. [0031] [Formula 2]

represents transposition operation), C is represented as

the folleowing Eguation (1).

[Formula 1]
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[0029]

Although the respective columns of the cyclic
matrix C are cyclically shifted in the downward direction
of the matrix in Eguation (1}, the cyclic matrix C may be
defined by cyclically shifting them in the uéward
direction. The inverse matrix of a cyclic matrix and the
product of two cyclic matrices are each a cyclic matrix.
[0030]

A check matrix H(p, g) of a QC code, composed of
p-g cyclic matrices and having a cycle p, is defined as
the following Equation (2} in general.

[6031]

[Formula 2]

o



[0032] Here, in Equation (2), 0i(1, is an m x p matrix whose column is the h-th column (0 -C h <m)
of an m x m cyclic matrixin a matrix H (p, q) of the following Equation (3), arising from rearrangement
of the columns in H(p, q). [0033] [Formula 3]
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[0032]

Here, in Eguation (2), Din is an m x p matrix whose
d-th column is the h~th column (0 = h < m) of an m x m
cyclic matrix Ci,3 in a matrix H (p, g) of the following
Eguation (3), arilsing from rearrangement of the columns
in Hip, q).
(00331

(Formula 31
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[0034]

Because Equation (3} arises from only rearrangement
of the ccolumns of Equation (2}, the decoding performance
for a reception signal having white noise is the same
whichever check matrix the code has. Therefore,
hereinafter, no distinction is made between the check
matrix having the form of Eguation (2) and the check

matrix having the form of Equation (3) unless a
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[0034] Because Equation (3) arises from only rearrangement of the columns of Equation (2), the
decoding performance for a reception signal having white noise is the same whichever check matrix
the code has. Therefore, hereinafter, no distinction is made between the check matrix having the form
of Equation (2) and the check matrix having the form of Equation (3) unless a particular notice is
made. [0035] The column weight we of the respective cyclic matrices in such a check matrix of a
QC code is any integer equal to or larger than zero, and the respective cyclic matrices may have
different column weights. However, in general, only a method for designing a check matrix in which q -
1 and we Z 2 and we is.constant and a mergg%d for designing a check matrixwhich q Z 2 and w,

belongs to {O}Df}rhtéjv%“beae% Knowr So Tar a8 a%becific method for designing a check matrix.
[0035]

The cclumn weignht w. of the respective cyclic
matrices in such a check matrix of a QC code is any
integer egual to or larger than zero, and the respective
cyclic matrices may have different column weights.
However, 1in general, only a method for designing a check
matrix in which g = 1 and we 2 2 and w. is constant and a
method for designing a check matrix in which g 2 2 and w.
belongs to {0, 1} have besen known so far as a specific
methed for designing a check matrix.

[0036]

A specific method for designing a check matrix in
which é = 1 and we 2 2 is disclosed in e.g. Non-patent
document 3 and Non-patent document 4 proposed by the
present inventor.

[0037]

Furthermore, a specific method for designing a
check matrix in which g 2 2 and w. belongs to {0, 1} is
disclosed in e.g. Non-patent document 5.

[0028]
If a check matrix in which g 2 2 and w. belongs to

{0, 1} is used, there 1s an advantage that both & regular

LDPC code and an irregular LDPC code can be designed

11



[0036] A specific method for designing a check matrix in which g =1 and w, Z 2 is disclosed in
e.g. Non-patent document 3 and Non-patent document 4 proposed by the present inventor. [0037]
Furthermore, a specific method for designing a check matrix in which g Z 2 and w, belongs to {0, 1} is
disclosed in e.g. Non-patent document 5. [0038] If a check matrix in which q .Z 2 and w, belongs
to {0, 1} is used, there is an advantage that both a regular LDPC code and an irregular LDPC code can
be designed comparatively easily. [0039]

comparatively easily.
(0039]

In addition, i1f the code length is somewhat long
and the code rate is low, smploying the relationship we
belongs to {0, 1} also provides an advantage that low-
error-rate performance is obtained easily when the code
is used as an LDPC code because a short cycle hardly
occurs on the check matrix.

[0040]

On the other hand, as pointed out alsc in Non-

patent document 4, a self-orthogonal QU code having a

higher code rate can be designed when a check matrix in

i

which g 1 and we 2 2 1is used than when a check matrix in
which g 2 2 and w. belongs to {0, 1} is used, if the code
length is the same. It 1s generally known that, 1f the
code is self-orthcgonal, a cycle with a length of 4 does
not exist in the check matrix therecof and the decoding
performance thereof can be improved when 1t 1s used as an
LDPC code.
[0041]

Coding of a QC code can be carried out by using a
very simple shift register circuit. The method therefor
is disclosed in e.g. the above-mentioned Non-patent

document 2, Patent deocument 1, and Patent document 2.

i.‘..«\
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In addition, if the code length is somewhat long and the code rate is low, employing the relationship w,
belongs to {0, 11 also provides an advantage that lowerror-rate performance is obtained easily when
the code is used as an LOPC code because a short cycle hardly occurs on the check matrix [0040]
On the other hand, as pointed out also in Non-patent document 4, a self-orthogonal QC code having a
higher code rate can be designed when a check matrix in which g - 1 and w,2 is used than when a
check matrix in which g 1 2 and w, belongs to {0, 1} is used, if the code length is the same. It is
generally known that, if the code is self-orthogonal, a cycle with a length of 4 does not exist in the
check matrix @gﬁﬁ‘ﬁ)} fmd the decoding performance thereof can be improved when it is used as an
LOPC code. [0041 Coding of a QC code can be carried out by using a very simple shift register

circuit. The method therefar. ﬁe@ﬁ%gqu ;@Se.gngleoaibqu&rggago%eﬁ Non-patent document 2, Patent

document 1, and Patent document 2. [0042] Furthermore, as one of methods by which a simple

coding circuit cap bg Jormed.potonly fortheQC-code,ameihed in-which.a loyvertrangular form or a
dual diagonal form is made in a part of the check matrix has also been proposed, and details thereof

are disclosed if:e goNonrpatent-documents: Ifthisamethog-is tised, the code,daes not necessarily
need to be a QC code. [0043]

diagonal form is made in & part of the check matrix has

also been proposed, and details thereof are disclosed in

@e.g. Non-patent document 6. If this method is used, the

code does not necessarily nesd to be a QC code.

[0043]

By the way, generally in a wireless communication

p
L

device (in FIG. 1, the wireless communication system 1),
plural errcor correcting codes having different code rates
re preparad and one of them is selected and used
depending on the condition of the transmission path in
many cases.
(00443

In this case, if different coders and decoders (in
FIG. 1, the coder 21 and the decoder 34) are provided for
all of the codes, the circuit scale often becomes large.
Therefore, it is desirable that the circuit of these
plural coders and decoders is shared as much as possible.
The code that 1s so designed that the circuit is shared
by plural codes having different code rates as much as

possible is generally called a Rate-Compatible code.

13



By the way, generally in a wireless communication device (in FIG. 1, the wireless communication
system 1), plural error correcting codes having different code rates are prepared and one of them is
selected and used depending on the condition of the transmission path in many cases. [0044] In
this case, if different coders and decoders (in FIG. 1, the coder 21 and the decoder 34) are provided
for all of the codes, the circuit scale often becomes large. Therefore, it is desirable that the circuit, of
these plural coders and decoders is shared as much as possible. The code that is so designed that the
circuit is shared by plural codes having different code rates as much as possible is generally called a
Rate-Compati;T)'I{?O(‘:q%d,e. [0045] Also for the LDPC code, various studies to design the Rate-Compatible
LDPC (hereinafter, referred to as the RCELDPC) code are being made in recent years. [0046]

For the RC-LDPC cod%{fﬁscheme LnﬂwhlpBgI&e ch%ck matrix. of certain que original code (mother
) SO ror.the 1 olo] i,'v riouz stu heg o desion .
code) is transformed or Used as 1t is to prepare check matrices of codes having other code rates is

general. For the,RCaLDEC-cadles feported sadalfie checke mabiicesdbetaol haye, a,form,( which g A
2 and w, belongs to fO, 11 in Equation (2) in many cases, and the content thereof is disclosed

RC~LDPC) code are being made in recent vears.

00467

For the RC-LDPC code, a scheme in which the check

matrix of certain one original code (mother code) is

transformed or used as it is to prepare check matrices of

codes having other code rates is general. For the RC~LDPC

codes reported so far, the check matrices thereof have a

form in which g 2 2 and w. belongs to {0, 1} in Eguation

(2) in many cases, and the content thereof is disclosed
in e.g. Nen-Patent document 7, Non-patent document 8, and
Patent document 3. |
[0047]

Many methods for constructing the RC-LDPC code
utilize techniques of puncturing and shortening, which
are conventicnally well-~known in the code theory, and e.g.
the method of Non-patent document 7 alsc utilizes the
puncturing.

[0048]

On the other hand, proposed in Non-patent document

8 and Patent document 3 is a method in which the check

matrix of a code having a low code rate is obtained by

14



in e.g. Non-Patent document 7, Non-patent document 8, and Patent document 3. [0047] Many
methods for constructing the RC-LDPC code utilize techniques of puncturing and shortening, which
are conventionally well-known in the code theory, and e.g. the method of Non-patent document 7 also
utilizes the puncturing. [0048] On the other hand, proposed in Non-patent document 8 and Patent
document 3 is a method in which the check matrix of a code having a low code rate is obtained by
performing dividing (splitting) of each row in the check matrix of the mother code having a high code
rate for each cyclic matrix.

performing dividing (splitting) of each row in the check
matrix of the mother code having a high code rate for
each cyclic matrix.
{00493

FIG. 2 1is a diagram for explaining the row
splitting performed in some cyclic matrices in the check
matrix, disclosed in Neon-patent document 8.
[0050]

In FIG. Z, by regarding 0 as a zero matrix and
regarding 1 as a cyclic matrix of w. = 1, the way in which
cycliic matrices are split into plural stages in a check

matrix in which g 2 2 and we belongs to {0, 1} is

3

&
i
E....F_
K

expressed. Furthermore, although what the cyclic maf
cof we = 1 is specifically 1s not diagrammatically

represented in FIG. 2, attention needs to be paid to the
point that all of the respective cyclic matrices after
the splitting except for the zero matrix are formed of
the same cyclic matrices as the cyclic matrices before
the splitting.
[0051]

If the number of rows in the check matrix before
the splitting is defined as my, the number of rows in the
check matrix after the splitting becomes 2m; through

splitting of cyclic matrices intc two stages like in FIG.

15



[0049] FIG. 2 is a diagram for explaining the row splitting performed in some cyclic matrices in the
check matrix, disclosed in Non-patent document fL [0050] In FIG. 2, by regarding O as a zero
matrix and regarding 1 as a cyclic matrix of w, = 1, the way in which cyclic matrices are split into plural
stages in a check matrix in which g2 and w, belongs to {0, 1} is expressed. Furthermore, although
what the cyclic matrix of w, = 1 is specifically is not diagrammatically represented in FIG. 2, attention
needs to be paid to the point that all of the respective cyclic matrices after the splitting except for the
zero matrix are formed of the same cyclic matrices as the cyclic matrices before the splitting. [0051]
If he number of rows in thefhegk matrix before the sptlit jn%is defined as mfl the numble{ of rows in the
. ?ﬁ%w 'ﬁ Hf 1S asiu%%% tnﬁ cqeck.mat¥lx La T oo
check matrix after the splitting becomes 2m1 through splitting of tyclic matrices into two stages like in
FIG. 2. Now, Jt1,jg assumedthat the sheck matris,s.ful rank,J.e. fhe gumber of rops in the check
matrix is equal to the parity number, the code rate of the code
egqual to the parity number, the code rate of the code
having the check matrix before the splitting is (n - m)/n,
anad the code rate of the code having the check matrix
resulting from the splitting of each row into two stages
is (n - 2my)/n.
[00521
If plural check matrices are made by repeatedly
performing such cyclic matrix splitting, sharing of the
decoding circuit is permitted because the basic form of
these check matrices is the same.
[0053]
The coding and decoding are possible wherever the
positions cof the parity on the check matrix are. Howeaver,
in an actual system, because ¢of easiness in fterms of the
system configuration, it is desirable that the positions
of the parity exist with constant intervals on the check
matrix or are collectively arranged con the right side or
the left side on the check matrix.
[00547]
However, i1f plural check matrices are made by

performing row splitting like in FIG. Z, it 1s not

necessarily easy to dispose parity at the desired
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having the check matrix before the splitting is (n - and the code rate of the code having the check

matrix resulting from the splitting of each row into two stages is (n - 2m1)/n. [0052] If plural check
matrices are made by repeatedly performing such cyclic matrix splitting, sharing of the decoding circuit
is permitted because the basic form of these check matrices is the same. [0053] The coding and

decoding are possible wherever the positions of the parity on the check matrix are. However, in an
actual system, because of easiness in terms of the system configuration, it is desirable that the
positions of the parity exist with constant intervals on the check matrix or are collectively arranged on

the right side %rotggggféﬁigeoqp %cf&%%ﬁgalt{g% %4} or amiowever if plural check matrices are

made by performing row splitting like in FIG. 2, it is not necessarily easy to dispose parity at the

desired positigns onthe chegk matrix.for all of the-check matriggs..kherefoge, in Non-patenf document
8, each check matrix has a dual diagonal form like that disclosed in Non-patent document 7 in order to

arrange parityren-thesright side efithe checkdanatrix.cConsequentlyrthe rawsspligingdike;in FIG. F2 can
not be performed for the parity part, and the regula dy hereof is broken.

Non-patent document 7 in order to arrange parity on the

right side of the check matrix. Conseguently, the row

splitting 1ike in FIG., 2 can not be performed for the

parity part, and the regularity thereof is broken.

[0055]

The method of Patent document 3 1s also a method in
which splitting is performed in the row direction for
each cyclic matrix similarly to the method of Non-patent
decument 8. However, a specific coding method is not
shown in the method disclosed in Patent document 3
although row splitting of the check matrix like that
shown in FIG. 2 is performed, including the parity part.
For example, in the code disclosed in Patent document 3,
the parity part irregularly exists on the check matrix,
[(0056]

Thus, also in Patent document 3, the possibility
that a form such as a dual diagonal form must be combined
in order to form a practical coder is pointed out.
However, in this case, the regularity of the parity part
is broken similarly to the case of Non-patent document 8.

[CO57]



[0055] The method of Patent document 3 is also a method in which splitting is performed in the
row direction for each cyclic matrix similarly to the method of Non-patent document 8. However, a
specific coding method is not shown in the method disclosed in Patent document 3 although row
splitting of the check matrix like that shown in FIG. 2 is performed, including the parity part. For
example, in the code disclosed in Patent document 3, the parity part irregularly exists on the check
matrix. [0056] Thus, also in Patent document 3, the possibility that a form such as a dual diagonal
form must be combined in order to form a practical coder is pointed out. However, in this case, the

regularity of t%%%gty E)%ct)c'(%ﬁ%%l%e&?inﬂ@rgég é}&ec case ofﬁgg—pﬁent document 8. [0057] Patent

document 1: paten Patent document 2: US patent No. 6928602 Patent document 3:

|. Rakkis, "System.and Methqds for-a. Tyrbo Low-density Parity:cheek Decoder,” United States Patten
Application Publication, U52007/0043998 Al, Feb. 2007. Non-patent document 1: R. G. Gallager, "Low

Density Parity:Gheck CodesnM|T Press, Campridge, Mass,; - 1963..No-patent dogument 2: R.
Townsend and E. Weldon, Jr., "Self-Orthogonal Quasi-Cyclic Codes," IEEE Trans. Info. Theory, vol.

IT-13, no. 2, pp. #83-195y Apsnk967A, Nan-patentdecument 3;96 Kou, 1§ Lirand-M: Fessorier, "Low
Density Parity Check Codes on Finite Geometries: A Rediscovery and New Results," IEEE Trans. Info.
Theory, vol. 4Fznas?, P2l 142735 Nevbh2Q0E tNen-pateht document4:o. Nodaribesigning a
Self-orthogonal Quasi-cyclic Code with Extended Minimum Hamming Distance," Proc. 4th International
Symposium oAirbo Code and Related Topics, Munich, Germany, Apr. 2006. Non-patent document
5: M. Fossorier, "Quasi-cyclic Low-density Parity-check Codes From Circulant Permutation Matrices,"
|IEEE Trans. |fo> Thedri Vol BOiNG:8, pp. F7881798 Awgi 2004, L.ow Density

Parity Check Codes,” MIT Press, Cambridge, Mass., 1963.
Non-patent document Z: R. Townsend and E. Weldon, Jr.,
“Self-Orthogonal Quasi-Cyclic Codes,” IEEE Trans. Info.
Theory, vol. IT-132, no. 2, pp. 1832-195, Apr, 1967,
Non-patent document 3: Y. Kou, S. Lin and M. Fossorier,
“Low Density Parity Check Codes on Finite Geometries: A
Rediscovery and New Results,” IEEE Trans. Info. Theory,
vol. 47, no. 7, pp. 2711-2735, HNov. 2001.

Non-patent document 4: M. Nedaz, “Designing a Self-
certhogonal Quasi-cyclic Code with EBExtended Minimum
Hamming Distance,” Proc. 4th International Symposium on
Turboe Code and Related Topics, Munich, Germany, Apr. 2006,
Non-patent document 5: M. Fossorier, “Quasi-cyclic Low-
density Parity-check Codes From Circulant Permutaticn
Matrices,” IEEE Trans. Info. Thecry, Voi. 50, No. 8, pp.
1788 1793, Aug. 2004.

Non-patent document 6: T. J. Richardson and R. L. Urbanke,
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Non-patent document 6: T. J. Richardson and R. L. Urbanke, "Efficient Encoding of Low-density
Parity-check Codes," IEEE Trans. Info. Theory, Vol. 47, No. 2, pp. 638 656, Feb. 2001. Non-patent
document 7: D. Klinc, J. Ha, J. Kim and S. W. McLaughlin, "Rate-compatible Punctured Low-density
Parity-check Codes for Ultra Wide Band System," Proc. IEEE (GLOBECOM 2005), pp. 3856 3860.
Non-patent document 8: H-G. Joo, D-J Shin and S-N. Hong, "New Construction of Rate-compatible
Block-type Low-density Parity-check Codes using Splitting," Proc. IEEE (PIMRC 2006). Sep. 2006
Disclosure of Invention Technical Problem [0058] As described above, for the RC-LDPC codes

proposed so far\,ﬂklﬁl%rbq{al tﬁﬁ%@gﬁ@ ck matrice gﬁgl Q LIILg ccode féaé/}l:n%giéfggem code rates
are composed of cyclic matrices In Whlcﬁ g2 an §jb elong (?) i) ’
IEEE Trans. Info. Theory, Vol. 47, No. 2, pp. 638 656,
Feb. 2001.
Non-patent document 7: D. Klinc, J. Ha, J. Kim and S. W.
McLaughiin, “Rate-~compatible Punétured Low-density
Parity-check Codes for Ultra Wide Band System,” Proc.
TEEE (GLOBECOM 2003), pp. 3856 3860.
Non-patent document 8: H-G. Joo, D-J Shin and $-N. Hong,
“New Construction of Rate-compatible Block-type Low-
density Parity-check Codes using Splitting,” Proc. IEEE
(PIMRC 2006). Sep. 2006
Disclosure of Invention
Technical Problem
rooxg]

As described above, for the RC-LDPC codes proposed
so far, it is general that the check matrices of all of
LDPC codes having different code rates are composed of
cyclic matrices in which g 2 2 and w. belongs to {0, 1).
[0059]

However, this method invoelves a problem that it is
comparatively difficult to design a code that can achieve
a favorable BER with a high code rate if the code length
is constant.

[0060]

=
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[0059] However, this method involves a problem that it is comparatively difficult to design a code
that can achieve a favorable PER with a high code rate if the code length is constant. [0060]
Furthermore, for the RC-LDPC codes disclosed so far, a method is general in which a lower triangular
form or a dual diagonal form is employed in the parity part of the check matrix so that the parity
positions may be constant positions on the check matrix for all of codes having different code rates.
[0061] Thus, thereds apioblem that theregriarity of-the eheek miatrix diffets between the parity
part and the information word part. [0062] Embodiments of the present invention disclose a
practical RG-LDPCicdde thai eneompassesa tode havingdavorablerBERperformance with a higher
code rate than ever before and also allows coding with a low code rate. Technical Solution

dual diagonal form is employed in the parity part of the

check matrix so that the parity positions may be constant

positions on the check matrix for all of codes having

different code rates.

[00e1]

Thus, there i1s a problem that the regularity of the
check matrix differs Dbetween the parity part and the
information word part.

[0C62]

Embodiments of the present invention disclose a
practical RC-LDPC cocde that encompasses a code having
favorable BER performance with a higher code rate than
aver before and also allows coding with a low code rate.

Technical Solution

[0063]
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[0063] In a first aspect, there is provided a coding method of a coding device for coding of LDPC
(low-density parity-check) codes that have a plurality of code rates and whose all parity check matrices
are composed of a plurality of cyclic matrices, the coding method comprising the step of performing
coding in such a way that 1 < \Aro and wl < wo are satisfied when maximum column weight of the

cyclic matrices in the chegk matrix.of 2 certain,code whose code fate is nof a,um valie among the

LDPC codes is defined as wo and maximum column weight of the cyclic matrices in the check matrix

of a code having 2 code,ratg lowerthaa the-gode rate of the certaincode is defineflas [0064]  Itis

possible that, when one side of the cyclic matrix in a parity check row is defined as m, based on the

assumptiondhatia gerainlow adoess indigatingdhe pasition ofbit: 1 in a,gertain;column dy the parity
check matrix of a code having a high code rate is b, a row address indicating the position of bit 1 in

the column imthe pariticheck matsix;of @ code having alawer-code sate.cap bedgpresented as b + cm
with use of an integer c that is constant for each cyclic matrix and is equal to or larger than 0. [0065]

It is possible thatthe value effb or gis 6 @djusted thatall, of thempositions-of parity i the.check
matrices of the codes are on the right side on the check matrix, or on the left side, or with constant
intervals. [0866Frising the step of performing coding in such a way
That 1 < wp and w1 < wy are satisfied when maximum column
weight of the cyclic matrices in the check matrix of a
certain code whose code rate is not a minimum value among
the LDPC codes is defined as wpy and maximum column weight
of the cyclic matrices in the check matrix of a code
having a code rate lower than the code rate of the
certain code is defined as w;.
[0064]
Tt 1is possible that, when one side of the cyclic
matrix in a parity check row 1s defined as m, based on

The assumption that a certain row address indicating the

position of bit 1 in a certain column in the parity check
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It is possible that the number of cyclic matrices in the parity check matrix of a code having the highest
code rate is only one in the row direction, and 2 < wo is satisfied. [0067] It is possible that the
column weight of the cyclic matrices in the parity check matrix of a. code having the lowest code rate is
0 or 1. [0068] It is possible that the column weight of the parity check matrix is constant for the

codes of all of the code E_ates [008 It is possnble that the column weight of the parity check
matrix is 3. [ having a high code rate is b, a row

address indicating the position of bit 1 in the column in
the parity check matrix of a code having a lower code
rate can be represented as b + cm with use of an integer
¢ that 1is constant for each cyclic matrix and is egqual to

or larger than 0.

It is possible that the value of b or ¢ is so
adjusted that all of the positions of parity in the check
matrices of the codes are on the right side on the check
matrix, or on the left side, or with constant intervals.

[0066]
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It is possible that all of the codes are self-orthogonal. [0071] It is possible that the minimum
hamming distance of all of the codes is at least 6. [0072] It is possible that coding is performed,
including a code that is obtained by changing the length m of one side of an identity matrix and has a
different code length. [0073] In a second aspect, there is provided a coding device for coding of
LDPC codes that have a plurality of code rates and whose all parity check matrices are composed of a
plurality of cyclic matrices, the coding device comprising coding means that performs coding in such a
way that 1 < wo and wl < wo are satisfied when maximum column weight of the cyclic matrices in the

s v eSS S SEATUUBAIIS N6 OFC s geined s vo
in the parity check matrix of a code having the highest
code rate is only one in the row direction, and 2 < wy is
satisfied.

[0067]

It is possible that the column weight of the cyclic
matrices in the parity check matriz of a code having the
lowest code rate is 0 or 1.

[0068]

It is possible that the column weight of the parity
check matrix is constant for the codes of all of the code
rates.

[0069]

It is possible that the column weight of the parity
check matrix is 3.

[0070]

It 1s possible that all of the codes are self-
orthogonal.
(00717

It is possible that the minimum hamming distance of
all of ﬁhe codes 1s at least 6.

[0072]
It is possible that coding is performed, including

a code that is obtained by changing the length m of one

22



of a code having a code rate lower than the code rate is defined as wl. [0074] It is possible that,
when one side of the cyclic matrix in a parity check row is defined as m, based on the assumption that
a certain row address indicating the position of bit 1 in a certain column in the parity check matrix of a
code having a high code rate is b, a row address indicating the position of bit 1 in the column in the

parity check.matrix of-a code ' Jower code rate_can be represented as b + cm with use of an
integer ¢ th??lrtE i%gcor%intgf%r &%ﬁ%@ﬁ%ﬁ%i%ﬁé IS aéracg]al %oagr Iaarge?£€h(jfal?leﬁe[8675fo ®ltis
possible thaf the,value of b or c is so adjusted that all of the positions of parity in the check matrices of
the codes are on the right side on the check matrix, or on the left side, or with constant intervals.
[0076] It is possibte that the number of cyclic matrices in the parity check matrix of a code having the
highest code rate is only one in the row direction, and 2 < wo is satisfied.

In a second aspect, there 1is provided a coding
device for coding of LDPC codes that have a plurality of
code vrates and whose all parity check matrices are
composed of a plurality of cyclic matrices, the coding
device comprising coding means that performs coding in
such a way that 1 < wg and w, < wy are satisfied when
maximum column weight of the cyclic mwmatrices in the
certain check matrix whose code rate is not a minimunm
value among the LDPC codes 1is defined as w, and maximum

column weight of the cyclic matrices in the check matrix
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[0077] It is possible that the column weight of the cyclic matrices in the parity check matrix of a

code having the lowest code rate is 0 or 1. [0078] It is possible that the column weight of the
parity check matrix is constant for the codes of all of the code rates. [0079] It is possible that the
column weight of. the parity check matrix is 3. [008C] It is possible that all of the codes are

self-orthogopal. [008dtie having a code rate lower than the code rate is
defined as wi.
[6074]

It is possible that, when one side of the cyclic
matrix in a parity check row is defined as m, based on
the assumption that a certain row address indicating the
position of bit 1 in a certain column in the parity check
matrix of a code having a high code rate is b, a row
address indicating the position of bit 1 in the column in
the parity check matrix of a code having a lower code

rate can be represented as b + cm with use of an integer
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It is possible that the minimum hamming distance of all of the codes is at least 6. [0082] Itis
possible that coding is performed, including a code that is ohtained by changing the length m of one
side of an identity matrix and has a different code length. [0083] In one embodiment of the present
invention, coding is so performed that 1 < wo and wl < wo are satisfied when the maximum column
weight of the cyclic matrices in the certain check matrix whose code rate is not the minimum among
LDPC codes is defined as wo and the maximum column weight of the cyclic matrices in the check
matrix of a code having a code rate lower than the code rate is defined as wl. Advantageous Effects

(0084)  As desarbed above, acqarding g one.embadiment of the Bresepg invention, the maximum
column weight of the cyclic matrices inthe check matrix is decreased to a larger extent for a code
having a lower code rate_ This.makes it possible to perform coding of an RC-LDPC code, allowing

achievement of favorable BER performance for both a code having a high code rate and a code

having a low codgyrate.

It is pessible that the value of b or ¢ is so
adijusted that all of the positions of parity in the check
matrices of the codes are con the right side on the check
matrix, or on the left side, or with constant intervals.
[0076]

It is possible that the number of cyclic matrices
in the parity check matrix of a code having the highest
code rate is conly one in the row direction, and 2 < wy is
satisfied.

[(0077]

It is possible that the column weight of the cyclié
matrices in the parity check matrix of a code having the
lowest code rate is 0 or 1.

[0078]

It is possible that the column weight of the parity
check matrix 1s constant for the codes of all of the code
rates.

[0079]

it i1s possible that the column weight of the parity

check matriz is 3.

[0CBO]
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[0085] Furthermore, according to one embodiment of the present invention, it is possible to make a
practical RCLDPC code that encompasses a code having favorable BER performance with a high
code rate and also allows coding with a low code rate. Brief Description of Drawings [0086] [FIG.
1JFIG. 1 is a block diagram showing the configuration of a conventional wireless communication
system. [FIG. 2] FIG. 2 is one example in which row splitting is performed in some cyclic matrices in a

check matrix, disclgsed in; Noispatent document 8; [RIG.3FIG3 is a hleek diagram.showing the
configuration of one embodiment of a wireless communication system to which the present invention is
applied. [FIGr4klé&s #&is .a method of matrix splitting in a

[0081]

Tt is possible that the minimum hamming distance of
all of the codes is at least 6.

[0082]

It is possible that coding is performed, including a
code that is obtained by changing the length m of one
side of an iddentity matrix and has a different code
length.

[0083]

In one embodiment of the present invention, coding
is sc performed that 1 < wy and w; < wy are satisfied when
the maximum column weight of the c¢yclic matrices in the
certain check matrix whose code rate is not the minimum
among LDPC codes is defined as wy and the maximum column
weight of the cyclic matrices in the check matrix of a
code having a code rate lower than the code rate is
definsd as ws.

Advantageous Effects
100847

As described above, according to one embodiment of

the present invention, the maximum column weicht of <the

cyclic matrices in the check matrix is decreased to a



working example of the present invention [FIG. 5] FIG. 5 is a block diagram showing the detailed
configuration of a coder in FIG. 3. [FIG. 6] FIG. 6 is a method of matrix splitting in a comparative
example of the present invention. [FIG. 7] FIG. 7 is comparison of the dependence of the BER on
Eb/No between the working example and the comparative example of the present invention. [FIG. 81

FIG.8is aflp Q rt for explaining coding processing. [FIG..9] FIG. 9 is a block diagramxshovying thg
configuratioﬁ%vaC %é e%n %oec??mentgcﬁ aaregg%?ng% and r(—:fqpré)_jdulcclJr%]%:ys(t:(?rﬁ1 %o Which the present invention

is applied. [l e%o_]iFﬁG Jo(étjssi%%oc'\fl?gia ra é%rggxg(l%rm%thgfcogggtﬁgq%%%a gggg[lal
computer. Explanation of Reference Numerals ]
allowing achievement of favorable BER performance for
both a code having a high code rate and a code having a
iow code rate,.
[0085]

Furthermore, according to one embodiment of the
present invention, it is possible to make a practical RC-
LDPC cede that encompasses a code having favorable BER
performance with a high code rate and also allows coding
with a low code rate.

Brief Description of Drawings

[0086]

[FIG. 1] FIG. 1 is a block diagram showing the
configuration of a conventional wireless communication
system.

[FIG. 2] FIG. 2 is one example in which row splitting is
performed in some c¢yclic matrices in a check matrix,
disclosed in Non-patent document §.

[FIG. 31 FIG. 3 1s a block diagram showing the
configuration of one embodiment of a wireless
communication system to which the present invention is
applied.

[FIG. 4] FIG. 4 is a method of matrix splitting in a
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101 Wireless communication system, 111 Transmitting device, 112 Receiving device, 121 Coder, 131
Decoder, 151 Parity generation circuit, 201 Recording and reproducing system, 211 Recording device,
212 Reproducing device Best Mode for Carrying Out the Invention [0088] An embodiment of the
present invention will be described below with reference to the drawings. [0089] FIG. 3 is a block
diagram showing the configuration of one embodiment of a. wireless communication system 101 to
which the present invention is applied. This wireless communication system 101 is composed of a
transmitting device 111 that codes an information sequence and transmits the code sequence and a

receiving devi‘%g J%Z,that rece%/:?s th% cggg segugréc%agd decqdes it [0090] In the wireless

communication s@s%enrﬁ 1019RFIG. §, the par? cgrresnpbnd?n‘@e%’“tﬁgptbnventional wireless

communication wtena{l inFlG. 1-is given the same symbol, and the description thereof is accordingly
omitted. Specfﬁfcsgﬁ", in he%re’less communTcOa%?Bn sji/st%m 10%%%?&93,”5}%3 téﬁ%?n%ﬁésdevice 111

has the same configuration as.that-of the transmitting-device 11 in FIG. 1 except for. that a coder 121
is provided instead of the coder 21. Furthermore, the receiving device 112 has the same configuration

as that of the reegiving devieesl2 in EIG. -1 exaapt fordhata decoder 31.is provided instead of the
decoder 34.
comparative example of the pressent invention.
[FIG. 7}' FIG., 7 is compariscn of the dependence of the
BER on Ey/Ny between the working example and the
comparative example of the present invention.
[FIG. 8] FIG. 8 1s a flowchart for explaining coding
processing.
[FIG. 9] FIG. 9 is a block diagram showing the
Configuration cf one embodiment of a recording and
reproducing system to which the present invention i1s
épplied,
[FIG. 10] FIG. 10 is a block diagram for explaining the
configuration of a personal computer.
Explanation of Reference Numerals
[0087]
101 Wireless communication system, 111 Transmitting
device, 112 Recelving device, 121 Coder, 131 Dscoder, 151
Parity generation circuit, 201 Recording and reproducing
system, 211 Recording device, 212 Reproducing device
Best Mode for Carrying Out the Invention

(00887
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[0091] The coder 121 executes coding processing based on an LDPC code for an input
information sequence and supplies the code sequence obtained by the coding to a transmitter 22.
Details of the coding of the LDPC code by the coder 121 will be described later. [0092] The code
sequence arising from the coding into the LDPC code is transmitted as a transmission signal by a
transmitting antenna in the transmitter 22. Furthermore, in the receiving device 112, the transmission
signal is received by a receiver 31 and converted to a digital reception signal by an PI/D converter 32.
Subsequently, the digital reception signal is converted to a detected code sequence or a sequence of
information on the posterior probability by a code detector 33 and then input to ecoder 131.
[0093] Subsequen%?, tef%éb egcl;lo%%\ér] ?ffﬁetggﬁeg ﬁ?esgélnvejr*t%"crlecﬂ&i%a#) r%e&“?elpgt%n%sﬁ)gnaI toa

detected informatiog word by ising ga ligrative degoding method such,as,a Sum-Product decoding

method or a BP decoding method, and outputs it as a detected informatiorr sequence. As described
above, if an itergtiye,decoding method is used in the decoder 131, a posterior probability detector is
used in the code detector 33 in some cases. [0094]

FIG. 3 1s a bleock diagram showing the configuration
of one embodiment cof a wireless communication svstem 101
to which the present invention is applied. This wireless
communication system 101 is composed of a transmitting
device 111 that codes an information seguence and
transmits the code sequence and a receiving device 112
that receives the code seguence and decodes it.
(00907

In the wireless communication system 101 in FIG. 3,
the part corresponding to the conventional wireless
communication system 1 in FIG. 1 1is given the same symbol,
and the description therecf is accordingly omitted,
Specifically, in the wireless communication system 101 in
FIG. 3, the transmitting device 111 has the same
configuration as that of the transmitting device 11 in
FIG. 1 except for that a coder 121 is provided instead of
the coder 21. Furthermore, the receiving device 112 has
the same configuration as that of the receiving device 12
in FIG. 1 except for that a decoder 131 is provided
instead of the decoder 34.

[G021]
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Although the wireless communication system 101 composed of two devices of the transmitting device
111 and the receiving device 112 will be described in the present embodiment, it is also possible to
employ a sending and receiving device in which the transmitting device 111 and the receiving device
112 in FIG. 3 are integrated with each other. [0095] As above, in the coder 121 and the decoder
131 of FIG. 3, an LDPC code, which is one of error correcting codes effective to reduce the HER of
transmission information, is used. [0096] By the way, as the RC-LDPC codes performed in the
coder 121, generally a code with a high code rate and a code with a low code rate have check

matrices correlated Wi%ﬁg@ﬁ)@ Ig%gc%rdzies%aegé@%%segos{;taﬁh@u%i}%rgéosrgi' § %%r%eégl tggt all of the

check matrices of the aving such regularity are composed of cyclic matrices in which

g2 and we belongstp40..11: {07 Howevet, if the,column.weighs of the checkmatrix and the code

length are constant, a self-orthogonal code having a highercode rate can be made when the column

weight of the eyglis matkices in thechegk matiixds largerthan I, Jhugeit issexpgsted;that, when the

code rate is higher, an LDPC code having favorable performance can be made with a code rate in a
wider range whenrtbe maxmupe coluran weightof theneycliedmattices inthe cheek naatnx isget larger.

[0098]
the coder 121 will be described later.
[0082]

The code sequence arising from the coding into the
LDPC code 1s transmitted as a transmission signal by a
transmitting antenna in the transmitter 22. Furthermore,
in the receiving device 112, the transmission signal is
received by a receilver 31 and converted to a digital
reception signal by an A/D converter 32Z. Subseqguently,
the digital reception signal 1s converted to a detected
code sequence or a sequence of information on tThe
postericr probability by a code detector 33 and then
input to the decoder 131.

[0093]

Subseqguently, the decoder 131 decodes the converted
digital receptiocn signal to a detected information word
by using an iterative decoding method such as a Sum-
Product decoding method or a BP decoding method, and
outputs it as a detected information seguence. As
described above, if an iterative descoding method is used

in the decoder 131, a posterior probability detector is
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FIG. 4 is a diagram for explaining the case in which a check matrix of q = 1, composed of ten cyclic
matrices whose column weight is 3, sequentially forms the check matrices of g =2 and g = 4 in such a
way that the maximum column weight of the cyclic matrices is decreased. In FIG. 4, 0, 1, 2, and 3 are
regarded as a zero matrix, a cyclic matrix of w, = 1, a cyclic matrix of w" = 2, and a cyclic matrix of w, =
3, respectively. [0099] As shown in FIG. 4, the check matrix of g - 1 is composed of ten cyclic
matrices whose column weight is 3. This check matrix of q - 1 is split into two stages to become the
check matrix of g = 2 having ton cyclic matrices whose column weight is 1 or 2 at two stages.
Furthermore, ga%h of.l:[ﬁhe% mclig mdaétri%ee%gt V\(/)orst??ejsriln tginslechggléénsatrix of g - 2 is split into two
stages to provu?e ﬁ1e check matrix of q= 4cha\ﬂng en‘cyc?ic matricés whose column weight is 0 or 1 at
four stages [0 @9]94] Thereby, the check matrix of g = 1, composed of ten cyclic matrices whose
column weight is 3, sequentially forms the check matrices of g = 2 and q - 4 in such a way that the

maximum weight of the,gyclic,matrices is decreased. LA, : -5 f hatissinthepregent embodiment,

in coding of LDPC codes that have plural code rates and whose all check matrices are composed of

plural cyclic madrigess dhe sederl2lperferms the eading in-suchia way dhat-1,<wo and w, < wo are

satisfied when the maximum column weight of the cyclic matrices in the check matrix of a certain code
whose code rateds fiet thesmdnimunt valye among the.LDRCroodes isdefired as wenand the maximum
column weight of the cyclic matrices in the check matrix of a code having a code rate lower than that of
the certain code issdefinethasdiment, it is also possible to employ a

sending and receiving device in which the transmitting

device 111 and the receiving device 112 in FIG. 3 are

integrated with each other.

[C095]

As apove, in the coder 121 and the decoder 131 of

FIG. 3, am‘LDPC code, which is one of error correcting

codes effective to reduce the BER of transmission

information, 1is used.

[009¢]

By the way, as the RC-LDPC codes performed in the

coder 121, generally a code with & high code rate and a

code with 2 low code rate have check matrices correlated

with each other as regularly as possible. Furthermore, it

is general that all of the check matrices of the RC~-LDPC

code having such regularity are composed of cyclic

matrices in which g 2 2 and w. belongs to {0, 1},

[0G&e7]

However, 1f the column weight of the check matrix
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[0102] However, here, the order of the respective cyclic matrices may be changed in the
respective check matrices of FIG. 4. Furthermore, in the present embodiment, it is sufficient that the
above-described relationship of wl < wo is satisfied, and the way of the splitting is not particularly
limited. [0103] However, in the case of making the check matrices of codes having different code.
rates like in FIG. 4, it is desirable that these check matrices are made as regularly as possible. One
example of a specific method for making such regular check matrices will be described below. [0104]

and the code length are constant, a self-orthogonal code
having a higher <ode rvate can be made when the column
weight of the cyclic matrices 1n the check matrix is
larger than 1. Thus, 1t 1s expected that, when the code
rate 1s higher, an LDPC code having faverable performance
can be made with a code rate in a wider range when the
maximum column welght of the cyclic matrices in the check
matrix is set larger.

[0098]

FIG. 4 i1s a diagram for explaining the case in
which a check matrix of g = 1, composed of ten cyclic
matrices whose column wéight is 3, sequentially forms the
check matrices of g = 2 and g = 4 in such a way that the
maximum column weight of the cyclic matrices is decreased.

In FIG. 4, 0, 1, 2, and 3 are regarded as a zero matrix,

a cyclic matrix of w. = 1, a cyclic matrix of w. = 2, and
a cyclic matrix of w, = 3, respectively.
10099]

As shown in FIG., 4, the check matrix of g = 1 1is
composad of ten cyclic matrices whose column weight is 3.
This check matrix of g = 1 1is split into two stages to

\

become the check matrix of g = 2 having ten cyclic
matrices whose column weight is 1 or 2 at two stages.

Furthermore, each of the cyclic matrices at two stages in
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The check matrix of the mother code as th original is defined as H(p, q), and a check matrix Hs(p, g)
obtained by s times of row splitting is defined as follows. [0105] [Formula 4] [0106] Here, ysi,j
(belongs to {0, 11) (0i <0j

this check matrix of g = 2 is split intoc two stages to
provide the check matrix of ¢ = 4 having ten cyclic
matrices whose column weight i3 § or 1 at four stages.
{0100}

Thereby, the check matrix of g = 1, composed of ten
cyclic matrices whose column weight is 3, secguentially
forms the check metrices of g = 2 and g = 4 in such a way
that the maximum weight of the cyclic matrices is
decreased.

[0101)]

That is, in the present embodiment, in coding of
LDPC codes that have plural code rates and whose all
check matrices are compeosed of plural cyclic matrices,
the coder 121 performs the coding in such a way that 1 <
we and wy < wg are satisfied when the maximum column
welght of the cyclic matrices in the check matrix cf a
certain code whose code rate 1s ncot the minimum value
among the LDPC codes 1s defined as wy; and the maximum
column weight of the cyclic matrices in the check matrix
of a code having a code rate lower than that of the
certain code is defined as w;.

101021
However, here, the order of the respective cyclic

matrices may be changed in the respective check matrices
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< pm) is the binary element in the i-th row and the j-th column of the check matrix Hs(p, ). [0107]

Now, when the column weight of the check matrix Hs(p, q) is a constant value w, a set composed of
addresses bsj(0 d z < w) of the rows of bit 1 in the j- th column is defined as Bsi = {tsto,,D }. At this
time, for example, in the C program, the elements in the j-th column of the check matrix are obtained in
accordance with the algorithm of the following (5) [0108] [Formula 5] El else v

of FIG. 4. Furthermore, in the present émbodiment, 1t is
sufficient that the above-described relationship of w; <
wo 1s satisfied, and the way of the splitting is not
particularly limited.

[0103]

However, in the case of making the check matrices
of codes having different code rates like in FIG. 4, it
is desirable that these check matrices are made as
regularly as possible. One example of a specific method
for making such regular check matrices will be described
below.

[0104]

The check matrix of the mother code as the original
is defined as H'(p, q), and a check matrix H%(p, q)
obtained by s times of row splitting is defined as
follows.

{0105]

{Formula 4]

4 5 B 5 k!
Y00 F0.1 - Yo pm-i ]
| Fg y) v
u _ . ¥y . yoo
Hipgqi= 1.0 iR b, pamed il
.. jg ' &
x}‘l’m“m }fé"ﬂ-?--lﬁ' S gk, pmel
[G10¢&]

Here, v®i s {belongs to {0, 1}) (0 £ i < g-m, 0 £ 7



[0109] Furthermore, bj,z is defined as follows based on the assumption that g - 1 is set for the
check matrix of the mother code and the form of the check matrix is represented by the
above-described Equation (2). [0110] [Formula 6] kO LA™ hi mod rn In Equation (6), aj,,. (0dj<p,0d
Z<w)isw

< p'm) is the binary element in the i-th row and the j-th

column of the check matrix HS{pf agl .

Now, when the column weight of the check matrix
H®{p, g) is a constant value w, a set composed of

addresses b . (0 £ z < w) of the rows of bit 1 in the i-

-t

th column is defined as B = {b% 5, b%, ., --+, D% .u}. A:
this time, for example, in the C program, the elements in
the j-th column of the check matrix are obtained in
accordance with the algorithm of the following (5).

(0108}

[Formula 5]

if(iz By, = 1

else v =1k e (5)

[0109]

Furthermore, bOLZ is defined as follows based on
the assumption that g = 1 is set for the check matrix of
the mother code and the form of the check matrix 1s
represented by the above-described Eguation (2).

[0110]
'Formula ©]
bl = {ymosp.. + floor(ifp)) mod m ++(6)

[0111]

In Eguation {(6), ay,, (0 £ 3 <p, 05 2z < w) d1s w



row addresses indicating the positions of bit 1 in the first column of p cyclic matrices in the check
matrix. [0112] Here, if a consideration is made about the respective ai,z by taking w = 3, p = 10,
and m = 72 as one example, the following equation is obtained. [0113] [Formula 7] 1a0.0 atu aF:2I - t18
021 [al10 al., a [t-t] = 165 33 68] [am, a2,1[58 37 62j 1a3.0a. a3f 56 42 5 1-a4m adi a421 [63 4-4 50]
[ait at,1 ati.:21=[70 43 36] [a6,0a61 a} 49 26 341 1a7t0 a7, a:721=[16 55 27] [au; a,tt, a&2.] =121 9
641

row addresses indicating the positions of bit 1 in the
first column of p cyclic matrices in the check matrix.
[0112]

Here, 1f a consideration is made about the
respective ay,; by taking w = 3, p = 10, and m = 72 as cne
example, the following eguation is obtained.

(01133

{Formula 7]

faon 8o an2}=[1802]
farg ayy a,2] =165 33 68]
{220 82 822]=[58376
{830 a3y az2]=[56 42 51]
tage da Bani = [63 44 50

[As50 @s; as2]=17043 36]

2an Bey Beol™ 14926 34]

{890 f7; az:]=[16 5;5 27}

lage ayy aga] =121 90d]

g‘ag‘a} dy 1 &ag‘;‘g} =171 41 }"’{:}i {7

[0114]

Furthermore, the check matrix EY(10, 1) of the
mother code is cobtained in accordance with Equations (4)
to (7).

[{0115]

At this time, based on the check matrix HY(10, 1)

(€8]
(8]



kris, atttt a y17 |1 411t.91 [0114] ™(7) Furthermore, the check matrix HD(10, 1) of the mother code
is obtained in accordance with Equations (4) to (7). [0115] At this time, based on the check matrix
H(10, 1) of the mother code, a check matrix H1(10, 2) of g - 2 arising from row splitting in accordance
with FIG. 4 is obtained from Equation (4) and Equation (5) by using 1M composed of the following biz.
[0116]

of the mother code, a check matrix H'Y(10, 2) of g = 2
arising from row splitting in accordance with FIG. 4 is
obtained from Ecguation (4) and Equation (5} by using B%
composed of the following bliz.

[011¢6]

[Formula 8]

S D

byo= §;ﬁ

Klo= B e

4] P [EE

o= bY+ Omod 2)m St
{02117}

Similarly, based on the check matrix HY(10, 1) of
the mother code, a check matrix Hz(lo, 4y of g = 4 arising
from row splitting in accordance with FIG. 4 is obtained
from Eguation (4) and Equatign {(5) by using B% cemposead
of the following bziz.

(0118}

{Formula 9]

blo= b0 + 28((imod 4)=3) m
by = by + (1 + 28{(imod =2y m
bl o+ (2 {jmod2)im " {9}
[0119]
Here, o0{X) is a function that is 1 when X is true

and iz (0 when X is false.

[0120]
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[Formula 8] [0117] Similarly, baéed on the check matrix h(10, 1) of the mother code, a check
matrix H2(10, 4) of g = 4 arising from row splitting in accordance with FIG. 4 is obtained from Equation
(4) and Equation (5) by using 132i composed of the following [0118] [Formula 9] 11.t,0 od 4)=3) rn d
4)=2) m

Specifically, by using three check matrices HY(10,
1y, H'(10, 2}, and H?(10, 4) defined by Eguations (4) to
{9), the respective codes with a code length of 720 bits
and code rates of 9/10, 4/5, and 3/5 can be made.
Furthermore, all of the codes in the present embodiment
are a self-orthogonal code.

[0121)

Furthermore, as is apparent from Equation (8) and
Egquation {9}, when a certain row address indicating the
position of bit 1 in a certain column of the check matrix
H°(10, 1) of the code having the highest code rate is
defined as b, the row address indicating the position of
bit 1 in the column in the parity check matrices H' (10, 2)
and Hz(lﬁ; 4} of the codes having other code rates is
represented as b + cm with use of an integer c that is
constant for each cyclic matrix and is equal to or larger
than 0.

[0122]

That is, in the present embodiment, when a certain
row address indicating the position of bit 1 in & certain
column of the parity check matrix of the code having the
highest code rate is defined as b, the row address
indicating the positien of kit 1 in the column in the

parity check matrix of a code having another code rate is
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Here, 5(X) is a function that is 1 when X is true and is O when X is false. [0120] Specifically, by
using three check matrices H(10, 1), H1(10, 2), and H2(10, 4) defined by Equations (4) to (9), the
respective codes with a code length of 720 bits and code rates of 9/10, 4/5, and 3/5 can be made.
Furthermore, all of the codes in the present embodiment are a-orthogonal code. [0121]

Furthermore, as is apparent from Equation (8) and Equation (9), when a certain row address indicating
the position of bit 1 in a certain column of the check matrix H(10, 1) of the code having the highest
code rate is defined as b, the row address indicating the position of bit 1 in the column in the parity

check matrice;l J;;@Qeg_)c@&d H2(10, 4) tﬂrﬁ%ﬁd% gay)i@g Qg*éerfggg l?'%&esésg%%@s%gted as bcm
a

~ with use of an integer c that is constant for each cyclic matrix and is equal to or larger than 0. [0122]

That s, in the present.emhodiment,when.a certginrow.addyess indicating the positipn.of bit 1 in a

certain column of the parity check matrix of the code having the highest code rate is defined as b, the
row address ipgjgating, the position of bit 1 in the column in the parity check matrix of a code having
another code rate is

[0123]

In addition, as a characteristic of the coding
method of the present invention, there 1s a
characteristic that the minimum hamming distance of a
code having a low code rate, made from the mother codse
having & high code rate, 1s eqgual to or longer than the
rminimum hamming distance of the mother code. Thus, by
using a code whose minimum hamming distance is as long as
possible as the mother code having a high code rate as
the criginal, a long minimum distance can be achieved for
codes of all code rates.

[0124]

As such a code having as long a minimum hamming
distance as possible and a high code rate, there is e.g.
a code whose minimum distance is eqgual to or longer than
{the column weight of the check matrixz + 2) like that
described in Neon~patent document 4 by the present
inventor.
1G125]

The mother code having a code rate of 9/10,

degcribed in the working example of the present invention,
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represented as b + cm with use of the integer c that is constant for each cyclic matrix and is equal to or
larger than 0. [0123] In addition, as a characteristic of the coding method of the present invention,
there is a characteristic that the minimum hamming distance of a code having a low code rate, made
from the mother code having a high code rate, is equal to or longer than the minimum hamming
distance of the mother code. Thus, by using a code whose minimum hamming distance is as long as
possible as the mother code having a high code rate as the original, a long minimum distance can be
achieved for codes of all code rates. [0124] As such a code having as long a minimum hamming

distance as possitle and.a bigh cade rate, there isie.g..a cada whosg minimur distange i equal (o or

longer than (the column weight of the check matrix 8- 2) like that described in Non-patent document 4
by the presentinventor 0123kn+ 1The mother.cadeihaying,a code rate af U1Q,desgribed in the

working example of the present invention,
matrix is 3 and the minimum distance of the code is 6.
Therefore, in the working example of the present
invention, the minimum distance of each of the codes
having code rates of 4/5 and 3/5 is also equal to or
longer than &.
(0126]

For setting the code rate of the mother cocde as
high as possible and keeping the minimum distance of all
codes as long as possible, it 1s desirable that the
minimum column weight of The c¢heck matrix is set to 3 and
the minimum distance of the code is set to © or longer as
described in the working example of the present invention.
(01271

Here, an n x (g m) check matrix H'(p, g) can be
generally represented as follows by using an (ng m) x (g
m) matrix H%, composed of the first {(ng m) columns and a
(g m) x (g m matrix H°; composed of the last (g m)
columns.

(01283

[Formula 10]

Hp. q) = [H's 18] {10}
[0129]



is also designed based on the technique disclosed in Non-patent document 4, and the column weight
of the check matrix is 3 and the minimum distance of the code is 6. Therefore, in the working example
of the present invention, the minimum distance of each of the codes having code rates of 4/5 and 3/5
is also equal to or longer than 6. [0126] For setting the code rate of the mother code as high as
possible and keeping the minimum distance of all codes as long as possible, it is desirable that the
minimum column weight of the check matrix is set to 3 and the minimum distance of the code is set to
6 or longer as described in the working example of the present invention. [0127] Here, an n x (c(

m) check matrix Hs(p, g),can begenexally represeryed,as follows,by;using angng m) x (g m) matrix

Hsp, composed of the first (nqg m) columns and a(g m) x (g m) matrix HsB composed of the last (g m)
columns. [0128] {Earmulal 0l HAR-(Oz Rra [9329kteq in advance in the

respective vectors of Egquation (7) in such a way that the
following Eguation (11) is satisfied for all s.

[0130]

[ Formula 11]

Det(Hsymod 2 = | (1)

[0131]

However, this adjustment can be carried out alsoc by
changing the coefficient of m in Eguation {8) and
Eguation (9).

[0132)

Furthermore, from Eguatiorn {10) and Eguation {11},
the generator matrices G° of the respective codes cén be
obtained as shown by the fcllowing Eguation (12).

[0133]

[Formula 12]

G =0 HAH S = HY H%1 an
[0134]

In BEquation (1Z), I is a (g m) x (g m) identity
matrix.

[0135]
In the present embodiment, all of the check

matrices can be so made that they can be transformed into
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In the present embodiment, the order of the respective elements is adjusted in advance in the
respective vectors of Equation (7) in such a way that the following Equation (11) is satisfied for all s.
[0130] [Formula 11] Del (11 50 mod 2 =1 [0131] However, this adjustment can be carried out also
by changing the coefficient of m in Equation (8) and Equation (9). [0132] Furthermore, from
Equation (10) and Equation (11), the generator matrices Gs of the respective codes can be obtained
as shown by the following Equation (12). [0133] [Formula 12]

the format of Eguation (12), and thus the positions of
the parity can be arranged on the right side of the check
matrix for all codes.

However, the positions of the parity may be
arranged con the left side of the check matrix, or may be
regularly arranged with equal intervals in the check
matrix. In other words, it can also be sald that the
parity is dispcosed on the right side on the check matrix,
or on the left =side, or with constant intervals.

(01361

As described above, the parity is regularly
arranged on all check matrices by adiusting Equations {7)
to (9) in such a way that Eguation (11l) is satisfied forx
all H°(p, g). This makes it possible tTo easily perform
coding as a general systematic code by using the method
of the above-menticned FPatent document 2 or the like for
example. Here, the systematic code refers to a code in
which the information word is a part of the codeword.
[0137]

FIG. 5 1s a block diagram showing the detalled
configuration of the coder 121 of FIG. 3. The ceder 121
is formed as e.¢. a2 coding circuit of a systematic code.
[0138]

As shown in FIG. 5, in the coder 121 of FIG. 3, a
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[0134] In Equation (12), 1 is a (g m) x (g m) identity matrix. [0135] In the present embodiment, all of the
check matrices can be so made that they can be transformed into the format of Equation (12), and
thus the positions of e parity can be arranged on the right side of the check matrix for all codes.
However, the positions of the parity may be arranged on the left side of the check matrix, or may be
regularly arranged with equal intervals in the check matrix. In other words, it can also be said that the
parity is disposed on the right side on the check matrix, or on the left side, or with constant intervals.

parity generation circuit 151 converts an input
information sequence to a pariiy sequence in accordance
with Equation (12). The coder 121 outputs the parity
sequence and a cocde sesguence of an LDPC code formed of

the information sequence to the transmitter 22.

The parity genefation circuit 151 may convert the
input information seguence to the parity seguence by
using not only the method in acceordance with Eguation
(12} kut ancther method. For example, the parity
generation circuit 151 may convert the input information
sequence to the parity sequence in accordance with the
methed disclosed in Patent document 2.

[0140]

As above, in the present embodiment, the coder 121
has the above-described configuration. Thus, if a check
matrix of g = 1 is used for the mecther code, the
performance thereof can be improved more greatly than the
conventional “method of performing row splitting for each
cyclic matrix.” Here, however, the maximum column weight
of the cyclic matrices in the check matrix of g = 1 needs
to be egual to or larger than 2.

[0141]

Furthermore, in the present embodiment, although



[0136] As described above, the parity is regularly arranged on all check matrices bY adjusting
Equations (7) to (9) in such a way that Equation (11) is satisfied for all KS (p, g). This makes it possible
to easily perform coding as a general systematic code by using the method of the above-mentioned
Patent document 2 or the like for example. Here, the systematic code refers to a code in which the
information word is a part of the codeword. [0137] FIG. 5 is a block diagram showing the detailed
configuration of the coder 121 of FIG. 3. The coder 121 is formed as e.g. a coding circuit of a
systematic code. [0138] As shown in FIG. 5, in the coder 121 of FIG. 3, a parity generation circuit 151

converts an in&y(_t:i 8&@&@%@%%@0850&%@@% gggu&gc&ipgcggr%qgﬁeo\gié Equation (12). The

coder 121 outputs the parity sequence and a code sequence of an LDP ormed of the

information sequenceta the trapsmitter,22-{¢1.39)  «The;padty.genesation.circuit.151 may convert
the input information sequence to the parity sequence by using not only the method in accordance with

Equation (12) but,anothes methodeFer exaraple, the:patity generatiop ireHit 1644aay convert the input
information sequence to the parity sequence in accordance with the method disclosed in Patent
document 2. [Q348@li x constant. In this case, it 1s desirable that the

column weight of the check matrix is 3 in order to obtain

a favcrable BER.

[0142]

Moreover, in the present embodiment, codes may be
employved as RC-LDPC codes, including a code that is
obtalned by changing the length m of one side of an
identity matrix and has a different code length. However,
in this case, the check matrix needs tco be so designed in
advance that the decoding performance is not deteriorated
even if m i1s changed.

[0143]

Here, 1f the coding processing executed by the
coder 121 is compared with the coding processing executed
by the conventional coder 21 in FIG. 1, the following
result i1s obtained. Specifically, FIG. ¢ is a comparative
example against the present embediment (present working
example), in the case in which a check matrix of g = 1
composed of ten cyclic matrices whose column weight is 3

is subjected to row splitting in accordance with the

conventional “method of performing row splitting for each

43



As above, in the present embodiment, the coder 121 has the above-described configuration. Thus, if a
check matrix of q = 1 is used for the mother code, the performance thereof can be improved more
greatly than the conventional "method of performing row splitting for each cyclic matrix." Here,
however, the maximum column weight of the cyclic matrices in the check matrix of g = | needs to be
equal to or larger than 2. [0141] Furthermore, in the present embodiment, although the column weight
of the check matrix is any, the decoding circuit (in FIG. 3, the decoder 131) can be simplified by setting
the column weight of the check matrix constant. In this case, it is desirable that the column weight of

i '§§(:inr&)£g%rit}9°0btain a favorable PER. [0142] Moreover, in the present

the check matég
embodiment, codes may be employed as RC-LDPC codes, including a code that is obtained by

changing the IF@g;j]gr}n of one side of an identity matrix and has a different code length. However, in
this case, the check matrix needs to be so designed in advance that the decoding performance is not

deteriorated even if m is.changed. [0443Lc . derenH the coding precessing executed by the coder
121 is compared with the coding processing executed by the conventional coder 21 in FIG. 1, the

following resultiscpbtainred Spesifically; IFIG. 68 aicaraparative examplgragainstthe psesent
embodiment (present working example), in the case in which a check matrix of composed of ten cyclic
matrices whosencaluninsweight isx3 is subjected 10 tow splitiing imaecardanee: with the conventional
"method of performing row splitting for each

become a check matrix of g = 2 having ten cyclic matrices

whose column weight is 0 cr 3 at two stages. Furthermore,

each of the cyclic matrices at two stages in this check

matrix of g = 2 is split intc two stages Lo provide a

check matrix of g = 4 having ten cyclic matrices whose

column weight is 0 or 3 at four stages.

[0145]

In the comparative example of the present invention,
the check matrix of the mother code is BY(10, 1), which is
the same as that in the working example. At this time,
two matrices for code rates of 4/5 and 3/5 in the
comparative example are uniquely determined from FIG. €.
[0l4e]

Here, the detaziled comparison of the relationship
between the working example and the comparative sxample
is as follows. Specifically, FIG. 7 is comparison of the
dependence of the BER on the signal-to-noise ratic Ep/Ng

(dB) under white noise in BPSK (Binary Phase Shift

Keyving) modulation between the working example and the
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cyclic matrix." [0144] As shown in FIG, 6, the check matrix of g - 1 is composed of ten cyclic
matrices whose column weight is 3. This check matrix of q - 1 is split into two stages to become a
check matrix of q - 2 having ten cyclic matrices whose column weight is O or 3 at two stages.
Furthermore, each of the cyclic matrices at two stages in this check matrix of q = 2 is split into two
stages to provide a check matrix of g = 4 having ten cyclic matrices whose column weight is O or 3 at
four stages. [0145] In the comparative example of the present invention, the check matrix of the
mother code is H(10, 1), which is the same as that in the working example. At this time, two matrices
for code rates %f 4/2 9291'3/% irgi3 the cclmp%rgtiv% @examgée are uniguel}é determined from FIG. 6. [0146]
Here the detaiied %ompaﬁgon 0 Fﬁrépre?atlonsﬁlp bétveen the Jw%rlgﬁg Jé?(%fnple and the comparative
example is as f@[ﬂ%vys,. Specifically, FIG. 7 is comparison of the dependence of the HER on the
signal-to-noise ratio Eb/No (dB) under white noise in BPSK (Binary Phase Shift Keying) modulation

between the working exampleand; the. comparative-example of thepresentipvenuon.,, .
bit error rate, and the abscissa indicates the dependence
on the signal-tc-noise ratio Ey/Ng (dB). Furthermore, in
the graph of FIG. 7, the white circles indicate the graph
of the working example in which the code rate is 4/10 and
g = 1. The white upward triangles indicate the graph of

the working example in which the code rate is 4/5 and g

il

2. The black upward triangles indicate the graph of the
comparative example in which the code rate is 4/5 and g =
2. In addition, the white downward triangles indicate the
graph of the working example in which the code rate is
3/% and g = 4. The black downward triangles indicate thé
graph of the comparative exemple in which the code rate
is 3/5 and g = 4. Specifically, the white marks indicate
the graphs of the working example, and the bklack marks
indicate the graphs of the comparative example.
[0148)

As is apparent from FIG. 7, at BER = 10% the
working example of the present invention has coding gains
of + 0.4 dB and + 1.5 dB with the ccde rate of 4/5 and

the code rate of 3/5, respectively, compared with the

comparative example. The more the row splitting is
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[01471 In FIG. 7, the ordinate indicates the BER as the Pit error rate, and the abscissa indicates
the dependence on the signal-to-noise ratio Eb/No (dB). Furthermore, in the graph of FIG. 7, the white
circles indicate the graph of the working example in which the code rate is 9/10 and q - 1. The white
upward triangles indicate the graph of the working example in which the code rate is 4/5 and q = 2.
The black upward triangles indicate the graph of the comparative example in which the code rate is 4/5
and g 2. In addition, the white downward triangles indicate the graph of the working example in which
the code rate is 3/5 and q = 4. The black downward triangles indicate the graph of the comparative

example in which the gade rag%gs 3540 ¢k S&&%@??@’r#ﬁ}%@‘%ﬁ“%@ indicate th?%aphs of the

working example, and the blac ma?ﬁs indicate the graphs of the comparative example. [0148] As

is apparent from FlG . 7,.at BER. 105 the,working example of the-present ipyention:-has;coding gains
of + 0.4 dB and + 1.5 dB with the code rate of 4/5 and the code rate of 3/5, respectively, compared

with the comparative.example= Ihe:mareithe raw splittingds -performed the; targey, thexdsterioration of
the BER .in the comparative example becomes. The reason for this is as follows. Specifically, as is

apparent from:fl&. & whendhe:check matrix ohthemeothescodeds a chiegk matrix of x- dif a check
matrix of g = N is made through splitting of each row into N rows for each cyclic matrix, this check:ix is
equivalent to a; matrix iniwhichd¥ €odesathose cofle dergth is #/Nrare=arranged;iThe code performance
tends to be higher when the code length is longer. Therefore, the scheme of the. comparative example
results in the sigdificantdeterioratioh of the perfornancethefeof. each cyclic matrix,

this check matrix 1s eguivalent to a matrix in which N

codes whose code length is 1/N are arranged. The code

performance tends to be higher when the code length is

longer. Therefore, the scheme of the comparative example

results in the sgignificant detericraticn of the

perfermance thereof.

[0149]

In addition, as is apparent from FIG. 7, the codes

of the werking example of the present invention invoclve

ne observation of the errcor-floor for all code rates, and

exhibits favoraple BER performance.

[0150]

As above, the present invention can set the coding

galin with a low code rate higher compared with the case

in which the conventional “method of performing row

splitting for each cyclic matrix” is applied when the

column weight of the cyclic matrices is egual to oz

larger than 2.
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[0149] In addition, as is apparent from FIG. 7, the codes of the working example of the present
invention involve no observation of the error-floor for all code rates, and exhibits favorable BER
performance. [0150] As above, the present invention can set the coding gain with a low code rate
higher compared with the case in which the conventional "method of performing row splitting for each
cyclic matrix" is applied when the column weight of the cyclic matrices is equal to or larger than 2.
[0151] However, conventionally, there is no precedent in which the "method of performing row
splitting for each cyclic matrix" is applied when the column weight of the cyclic matrices is equal to or
larger than 2. é/ﬁﬁ]tionally, only there is a precedent in which the "method of performing row
splitting for each cyclic matrix" is applied when the column weight of the cyclic matrices is 1. [0152]

Thus, thg folloyving inteﬁgggé%tg)lnr is @J)%q,egﬁs_{tg)lg a§@%gifi%qllggge case of gllee%%q:%[,otwtjph the
present invention is applied, essentially, the
which the “method cf performing row splitting for each
cyclic matrix” is applied when the column weight of the
cyclic matrices 1s egual to or larger than 2.
Conventionally, only There is 2 precedent 1in which tThe
*method of performing row splitting for each cyclic
matrix” iz applied when the column weight of the cvclic
matrices is 1.
[0152]

Thus, the following interpretation is also possible.
Specifically, in the case of the code to which the
present invention 1s applled, essentially, the
perfcrmance of thé cede that has the lowest code rate and
whose check matrix is composed of cyclic matrices whose
column weight is 1 1s equivalent to that of the
conventional codes, and a code having a high code rate is
efficiently made through enhancement in the column welght
of the cyclic matrices.

[0153]

Conventionally, there is no precedent in which an
RC~LDPC code including as high a code rate as 9/10 is
made with as short a code length as 720 bits.

[01541]
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performance of the code that has the lowest code rate and whose check matrix is composed of cyclic
matrices whose column weight is 1 is equivalent to that of the conventional codes, and a code having
a high code rate is efficiently made through enhancement in the column weight of the cyclic matrices.
[0153] Conventionally, there is no precedent in which an RC-LDPC code including as high a
code rate as 9/10 is made with as short a code length as 720 bits. [0154] Subsequently, with
reference to the flowchart of FIG. 8, the coding processing executed by the coder 121 in FIG. 3 will be
described below. [0155] In a step SlI, the coder 121 acquires an information sequence input from e.g.

external apparatus. [0]5519;1) se ul&gj&p %%L%ht@ é)%iy?%z erggogﬁiécgﬁ%%ﬁgr}\eer&the acquired

information sequence e.g. In accordance with Equation to genera-he a parity sequence.

FIG. 8, the coding processing executed by the coder 121
in FIG. 3 will be described below.
(01557

In a step £11, the coder 121 acgulres an
information seguence input from e.g. external apparatus.
[C1l56]

In a step S12, the parity generation circuit 151
converts the acguired information sequence e.g. in
accordance with Eguation (12) to generate a parity
seguence.

[0157]

In a step 813, the coder 121 outputs the generated
parity sequence and a code sesquence of an LDPC code
formed of the information seguence, so¢ That The coding
processing is ended.

[015¢8]

In the above-~described mannery, 1in coding, by the
coder 121, into LDEC codes that have plural code rates
and whose all check matrices are composed of plural
cyclic matrices, the coding i1s so performed that 1 < wp
and wy, < wy are satlsfied when the maximum column weight
of the cyclic matrices in the check matrix of a certain

code whose code rate is not the minimum value among the
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[0157] In a step S13, the coder 121 outputs the generated parity sequence and a code sequence
of an LDPC code formed of the information sequence, so that the coding processing is ended. [0158]
In the above-described manner, in coding, by the coder 121, into LDPC codes that have plural code
rates and whose all check matrices are composed of plural cyclic matrices, the coding is so performed
that 1 < wo and wl < wo are satisfied when the maximum column weight of the cyclic matrices in the
check matrix of a certain code whose code rate is not the minimum value among the LEDPC codes is
defined as wo and the maximum column weight of the cyclic matrices in the check matrix of a code

having a code sate.lowerdhan hal ok fhe Gettain pods s dsfine 26,41, 0159 . BLING WY,

although description is made in the present embodiment about the wireless communication system

101 composed of the transmitting,device J11.and the receiving device 112 itis also.possible to apply

the present invention to é.g. a recording and reproducing system composed of a recording device and

a reproducing:geyice: [@16Q] 4. rElG. 9 isia block-diagram: shawingdhe senfiguration f gre
embodiment of a recording and reproducing system 201 to which the present invention is applied. This
recording andgepraduging=system 201 is e.g. one example of a storage system, and is a system

composed of a recording device 211 and a reproducing device 212.
[0159]

By the way, although descripticn is made in the
present embodiment about the wireless communication
system 101 composed of the transmitting device 111 and
the receiving device 112, it is also possible to apply
the present invention to e.g. a recording and reproducing
system compoesed of a recording device and a reproducing
device.

[0160)

FIG. 9 is a block diagram showing the configuration
of one embodiment of a recording and reproducing system
201 to which the present invention is applied. This
recording and reproducing system 201 1is e&.g. one example
of a storage system, and is a system composed of a
recording device 211 and a reproducing device 212,

[01e1]

In the recording and reproducing system 201 in FIG.
9, the part corresponding to the wireless communication
system in FIG. 3 is given the same symbol, and the

description therecf is accordingly omitted. Specifically,
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[0161] In the recording and reproducing system 201 in FIG. 9, the part corresponding to the
wireless communication system in FIG. 3 is given the same symbol, and the description thereof is
accordingly omitted. Specifically, in the recording device 211 in FIG. 9, a recorder 221 is provided
instead of the transmitter 22 in the transmitting device 111 in FIG. 3. Furthermore, the reproducing
device 212 has the same configuration as that of the case of FIG. 3 except for that a reproducer 231 is
provided instead of the receiver 31 in the receiving device 112 in FIG. 3. [0162] In the recording
device 211, the recorder 221 records a recording signal corresponding to a code sequence from the

coder 121 on a recording medium, which.is not,diagrammatically represented, b ing an optical
pick-up, a maéﬁetl”éc% fea ,COCI)’IE%?IQG. Xéf:‘]e Eqﬁn the ?e%%ddl%ingg djéﬁ\e/icégjﬂi,ytr?esérj"ep%osducer 231

converts the ry g%@ir&gggglsrgg%dggfoq_ the r@fggggggglgg};urggwmghgg Dot diagrammatically

represented, by the analog optical pick-up or the magnetic head to an analog reproduced signal, and
SUpp“eSntoth?fﬂ%ﬂ%%W@ngéng@@4hll in FIG. 2. Furthermore, the

reproducing device 212 has the same configuration as that
of the case of FIG. 3 except for that a reproducer 231 is
provided instead of the receiver 31 in the receiving
device 112 in FIG. 3.

[(0lez]

In the recording device 211, the recorder 221
records a recording signal corresponding to a code
sequence from the coder 121 on a recording medium, which
is not diagrammatically represented, by using an optical
plck-up, a magnetic head, or the like.

[0163]

In the reproducing device 212, the reproducer 231
converts the recording signal recorded on the recording
medium, which 1s not diagrammatically represented, by the
analog optical pilck-up or the magnetic head to an analog
reproduced signal, and supplies it to the A/D converter
32.

01643}

In the recording and reproducing system 201 having

the above~described configuration, the recording device

211 records the code seguence arising from coding into an
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In the recording and reproducing system 201 having the above-described configuration, the recording
device 211 records the code sequence arising from coding into an LDPC code on the recording
medium similarly to the wireless communication system 101 in FIG. 3. [0165] The recording and
reproducing system 201 in FIG. 9 may be formed as a recording and reproducing device in which the
recording device 211 and the reproducing device 212 are integrated with each other. [0166] As
described above, the present invention makes it possible to make practical RC-LDPC codes
encompassing a code having favorable BER performance with a high code rate particularly.
Furthermore, ﬁ%?g from a cod% irrllavin a hig_tgncode rg&euto a cod%kh%\iing a Io%code rate can achieve

a favorable B 1877 “Min adeditjlfonc,:?ﬁe pregé,erﬁ?mverr{%tic‘)sﬁL Takes |typots%ib ¢ %o form a practical

coder by setting the gggitiggm&g@@g%q the %hﬁ%rﬂagg%s :91% pkuf@l codes to the desired positions.

Moreover, a specific method for, in this case, setting the positions o 'ianify to the desired positions on
the check matyicgg for all codes having different code rates after keeping the regularity of the check
matrix constant in both the parity part and the information word part is made clear.

The recording and reproducing system 201 in FIG. &
may be feormed as a recording and reproducing device in
which the recording device 211 and the reproducing device
212 are integrated with each other.

[0166]

hs described above, the present invention makes it
possible to make practical RC~LDPC codes encompassing a
code having favorable BER performance with a high code
rate particularly. Furthermore, codes from a code having
a high code rate to a code having a low code rate can
achieve a favorable BER.

[0L67]

In additicn, the present invention makes it
possible to form a practical coder by setting the
positions of parity in the check matrices of plural codes
to the desired positicns. Moreover, a sgpecific method for,
in this case, setting the positions of parity to the
desired positions on the check matrices for all codes
having different code rates after keeping the regularity
of the check matrix constant in both the parity part and

the information word part is made clear.
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[0168] The present invention is suitable for being used in a coding device for a code for reducing
the error rate of a transmission signal and used to decode plural codes having different code rates by
using a single decoder in various kinds of communication devices such as a LAN (Local Area
Network), a PAN (Personal Area Network), television broadcasting, a portable phone, and Ethernet
(registered trademark). [0169] The above-described series of processing can be executed by
hardware, or can be executed by software, If the series of processing is executed by software, a
program of the software is installed from a program recording medium into a computer incorporated in
dedicated hari\’{‘@ﬁ (i)r e.g. a general-purpose personal computer that is allowed to execute various
kinds of functions through installation of various kinds of programs therein. [0170] FIG. 10is a

block diagram snowinglain example aof the con@quration of a %;Eo\nal om%gte,r that executes the

. . [ resenc, Lnven QL 15 3 or 111 ugse e
above-described series of pr%cesslngL based on a program. ?Cenﬁa I§roc‘é35|ﬁg nlﬁ 311

executes varigus Kindspiuegessing,n accordanceqyith aatearas tagorded in.a RAY (Read Only
Memory) 312 or a recording unit 318. A program to be executed by the CPU 311, data, and so on are

accordingly stgred,ina;RAM (Random Access Merery) 313 sEhese-CRY 3L, RQNL312, and PAM

313 are connected to each other via a bus 314. [0171] An input/output interface 315 is also

connected to the-GRY 3ilrwvia the bus 344. Ta the input/autpylinterface,315,an-inpytunit 316 formed
of a microphone and so on, and an output unit 317 formed of a display, a speaker, and so on are

connected. The=CRbL31 kexetutes various kinds of processing 4 respense 40 gonrrands input via the
input unit 316. Furthermore, the CPU 311 outputs the results of the processing to the output unit 317.
[0172] (Local Area Network), a PAN (Perscnal Aresa Network),
television broadcasting, a portable phone, and Ethernet
{registered trademark).
[0169]
The above-~described series of processing can be
executed by hardware, or can be executed by software. If
the series of processzing iz executed by software, a
program ¢f the softwaré is installed from & program
recording medium into a computer incorporated in
dedicated hardware or e.g. a general-purpose personal
computer that is allowed to execute various kinds of
functions through installation of variocus kinds of
programs therein.
(01707
FIG. 10 i1s a block diagram showing an example of
the configuration of a perscnal computer that executes

the above-described series of processing based on a

program., A CPU (Central Processing Unit) 311 executes
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The recording unit 318 connected to the input/output interface 315 is formed of e.g. a hard disc, and a
program to be executed by the CPU 311 and various kinds of data are recorded therein. A
communication unit 319 communicates with an external device via a network such as the Internet or a
local area network. [0173] Furthermore, a program may be acquired via the communication unit 319
and recorded in the recording unit 319. [0174] When a removable medium 321 such as a
magnetic disc, an optical disc, a magneto-optical disc, or a semiconductor memory is loaded in a drive
320 connected to the input/output interface 315, the drive 320 drives them to acquire a program, data,

and so on recorded there]i{n. Tcpe ac%quiredcprogram and data are.transferred to the recording unit 318
ar1OUS %T s Of Déo 2sS1ng il accordance with a program
and recorded therein accor ing to neéd.

recorded in a ROM [(Read Cnly Memory) 312 cr a recording
unit 318. A program to be executed by the CPU 311, data,
and s¢ on are accordingly stored in a RAM (Random Access
Memory) 313. These CPU 311, RCM 312, and RAM 313 are
connected to each other via a bus 314.

0171

An input/output interface 315 is also connected to
the CPU 311 wvia the bus 3214. To the input/output
interface 315, an input unit 316 formed of a microphone
and so on, and an output unit 317 formed of a display, a
speaker, and so on are connected. The CPU 311 executes
various kinds of processing in response to commands input
vié the input unit 316. Furthermore, the CPU 311 outputs
the results of the processing to the output unit 317.
[0172]

The recording unit 318 connected to the
input/output interface 315 is formed of e.g. a hard disc,
and a program to be executed by the CPU 311 and various
kinds of data are recorded therein. A communication unit
319 communicates with an external device via a network

such as the Internet or a local area network.

Furthermore, a program may be acguired via the
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[0175] The program recording medium for storing a program that is installed in a computer and is
set to such a state as to be executable by the computer is formed of, as shown in FIG. 10, the
removable medium 321 as a package medium formed of a magnetic disc (encompassing a flexible
disc), an optical disc (encompassing a CD-ROM (Compact Disc-Read Only Memory) and a DVD
(Digital Versatile Disc)), a magneto-optical disc, a semiconductor memory, or the like, or the ROM 312
in which a program is temporarily or permanently stored, a hard disc serving as the recording unit 318,
or the like. Storing of a program in the program recording medium is carried out by utilizing a wired or

wireless communication. mediym, such 333%'0&%&6‘@&%%88“ {E}]e éﬁ@@%ﬁc%&@ﬁ?' gﬂﬂ'te .
broadcasting via the commiunication unit 319as an interface such as a router or a nodem according to
need. [0176] 444 In the present spec-lineation, the steps that describe the program stored in the
recording medium encompass processing that is to be executed along the described order in a
time-series manner; 6f course, and also processing that is not necessarily to be executed in a
time-series manner but to be executed in parallel or individually. [0177] Furthermore, in the

present specification, the, system-eafers:tp the wheoleof s deviee eempesead ak phusal idevices: [01781
an optical disc, a2 magneto-optical disc, or a
semiconductor memory is lcocaded in a drive 320 connected
to the input/output interface 315, the drive 320 drives
them to acguire a program, data, and so on recorded
therein. The acguired program and data are transferred to
the recording unit 318 and recorded therein according to
need.

[6175]

The program recording medium for storing a program
that is installed in a computer and 1s set to such a
state as to be executable by the computer is formed of,
28 shown in FI&. 10, the removable medium 321 as a
package medium formed of a magnetic disc (encompassing a
flexible disc), an optical disc {(encompassing a CD~ROM
{Compact Disc-Read Only Memory) and a DVD (Digital
Versatile Disc)), a magneto-cptical disc, a semiconductor
memory, or the like, or the ROM 312 in which a program is
temporarily or permanently stored, a hard disc serving as
the recording unit 318, or the like. Storing of a program

in the program recording medium is carried out by
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Embodiments of the present invention are not limited to the above-described embodiments but various
changes are possible without departing from the gist of the present invention. Claims I. A coding
method of a coding device for coding of LDPC (low-density parity-check) codes that have a plurality of
code rates and whose all parity check matrices are composed of a plurality of cyclic matrices, the
coding method comprising the step of performing coding in such a way that 1 < wo and wl < wo
“are satisfied when maximum column weight of the cyclic matrices in the check matrix of a certain code
whose code rate is not a minimum value among the LDPC codes is defined as wo and maximum
column weight gf, the cyclic matrices.in the check matrix of a code ha.vinrg a cgde rate lower than the
code rate of the certdin tode i€ gefifed as Wi 2 THe co |Iﬁu§ Wiethdd jé%co%?nglfﬁmclgfﬁi’\%/, wherein
when one side fghel@/&cliig_ matrix irlLl a Pparit j{chez%kerowpia:defingd as m,based on assumption that a

o

. < ] 3 et Q. 1Ol ta .
certain row address indicating a position of bit 1 in a certain column in the ahty check matrix of a

code having a.high code rate is by arow:address indicating.a,position of bit | in the-columa in the parity

check matrix of a code having a lower codé rate can be represented as b 4- cm with use of an integer
¢ that is constapt fof each £yelimatix.and isrequal to gr-larger, than 9.-3.The £9ding method

according to claim 2, wherein
need.
[017¢6]

In the present specification, the steps that
describe the program stored in the recording medium
encompass processing that 1s to be executed along the
described order in a time-series manner, of course, and
also processing that i1s not necessarily to be executed in
a time-series manner but to be executed in parallel or
individually.

(01771

Farthermore, 1n the present specification, the
system refers to the whole of a device composed of plural
devices.

[0178]

Embodiments of the present invention are not
limited to the above-described embodiments but various
changes are possible without departing from the gist of

the present invention.
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a value of b or c is so adjusted that all of positions of parity in the check matrices of the codes are on a
right side on the check matrix, or on a left side, or with constant intervals. 4. The coding method
according to claim 3, wherein the number of cyclic matrices in the parity check matrix of a code having
‘a highest code rate is only one in a row direction, and 2 < wo is satisfied. 5. The coding method
according to claim 4, wherein column weight of the cyclic matrices in the parity check matrix of a code
having a lowest code rateis0O or 1. 6. The coding method according to claim 5, wherein column
weight of the parity check matrix is constant for the codes of all of the code rates. 7. The coding
method according to claim 6, wherein column wei thsof, the parity check matrix is 3. 8. The coding
method according to claim 7, wherein all of the co% a&fgsself-orthogonal.

1. A coding method of a coding device for coding

of LDPC (low-density parity-check) codes that have a
plurality cf code rates and whose all parity check
matrices are composed of a plurality of cyclic matrices,
the coding method comprising the step of

performing coding in such a way that 1 < wg and w;
< wp are satisfied when maximum column weight of the
cyclic matrices in the check matrix of a certain code
whose code rate is not a minimum value among the LDPC
codes is defined as wy and maximum column weight of the
cyclic matrices in the check matrix of a code having a
code rate lower than the code rate of the certain code is
defined as w;.

2. The coding method according to claim 1, wherein

when one side of the cyclic matrix in a parity
check row is defined as m, based on assumption that a
certain row address indicating a position of bit 1 in a
certain column in the parity check matrix of a code
having a high code rate is b, a row address indicating a
position of bit 1 in the column in the parity check
matrix of a code having a lower code rate can be
represented as b + om with use of an integer ¢ that is

constant for each cyclic matrix and is equal to or larger
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9. The coding method according to claim 8, wherein a minimum hamming distance of all of the codes
is at least 6. 10. The coding.method according to claim 4, wherein coding is performed,
including a code that is obtained by changing length m of one side of an identity math].x and has a
different code length. 11. A coding device for coding of LDPC codes that have a plurality of code
rates and whose all pariy check matrices are composed of a plurality of cyclic matrices, the coding
device comprising coding means that performs coding in such a way that 1 < wo and wl < wo are
satisfied when maximum column weight of the cyclic matrices in the certain check matrix whose code
rate is not a minimum value among the LDPC codes is defined as wo and maximum column weight of
the cyclic matrices i t%“e check matrix of a code having a code rate lower than the code rate is defined

as 12. The coding evicﬁ according to clati:m 11, whereig. - )évhen one side of the %)éclic matrix
. . . o & COoulL g methdd’acco Jfg; ? Claim wher %
in a parity check row is defined as m, based on assumption that a certain row address indicating a

position of bit 1 in a certginvcgiq@ng%tq_)el parity c@gc%g%@ggfs%ggd%Q inglei hi&p coderateis b, a

row address indicating a position of bit 1 in the column in the parity check matrix of a code having a

lower code rate,can be sgpresenied:ash +6m with use-efandnieger cdhatis.gonstant for each cyclic
- matrix and is equal to or larger than O.

are on a right side on the check matrix, or on a left
side, or with constant intervals.

4. The coding method sccording to claim 3, whereln

the number of cyclic matrices in the parity check
matrix of a code having a highest code rate is only one
in a row direction, and 2 < wg is satisfied.

5. The ceoding method according to claim 4, wherein

column weight of the cyclic matrices in the parity
check matrix of a code having a lowest code rate is 0 or
1.

6. The coding method according to claim 5, wherein

column weight of tThe parity check matrix is
censtant for the codes of all of the code rates.

7. The coding method according to claim 6, wherein

column weight of the parity check matrix is 3.

8. The coding methcod according to claim 7, wherein

all of the codes are self-orthogonal.

9. The coding method according to claim 8, wherein

a minimum hamming distance of all of the codes is

at Jeast 6.



13. The coding device according to claim 12, wherein a value of b or c is so adjusted that all of
positions of parity in the check matrices of the codes are on a right side on the check matrix, or on a
left side, or with constant intervals. 14. The coding device according to claim 13, wherein the
number of cyclic matrices in the parity check matrix of a code having a highest code rate is only one in
a row direction, and 2 < wo is satisfied. 15. The coding device according to claim 14, wherein
column weight of the cyclic matrices in the parity check matrix of a code having a lowest code rate is 0
or 1. 16. The coding device according to claim 15, wherein column weight of the parity check

?Gat\r,:;;] |esr ecI(r)]nstant for thelgodesr of all o&&hﬁa c%j&rrzl;l(ge accoma Thet%Odérﬂ% ;(ngwgre according to claim

wherein

coding is performed, including a code that is
obtained by changing length m of one side of an identity
matrix and has a different cocde length.

11. A coding device for coding of LDPC codes that
have a plurality of code rates and whose all parity check
matrices are composed of z plurality of cyclic matrices,
the coding device comprising

coding means that performs coding in such a way
that 1 < wy and w; < wgy are satisfied when maximum column
weight of the cyclic matrices in the certain check matrix
whose code rate 1is not a minimum value among the LDPC
codes ié defined as w¢ and maximum column weight of the
cyclic matrices in the check matrix of a code having a
code rate lower than the code rate is defined as w;.

i12. The coding device according to claim 11,
wherein

when one side of the cyclic matrix in a parity
check row is defined as m, based on assumption that a
certailn row address indicating a position of bit 1 in a
certain column in the parity check matrix of z code
having a high code rate is b, a row address indicating a

position of bit 1 in the column in the parity check
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column weight of the parity check matrix is 3. 18. The coding device according to claim 17,
wherein all of the codes are self-orthogonal. 19. The coding device according to claim 18,
wherein a minimum hamming distance of all of the codes is at least 6. 20. The coding device
according to claim 14, wherein coding is performed, including a code that is obtained by changing
length m of one side of an identity matrix and has a different code length. Abstract The present
invention relates to coding method and coding device that allow Rate-Compatible LDPC (low-density
parity-check) codes to have favorable BER performance both with a low code rate and with a high
code rate. In C%d?i@% Ef LQE% C%d%sethlgg gg}/le plural c"?d}(;:- rates and whose allé)arity check matrices
are composed of p Ural cyjc":lic ma?nces,i A coder12 %e?f”orr%g ffe ES&.%g‘fﬁ‘%u fia way that 1 <wo and

wl < wo are satjsfied when the maxjmum column r\{vzif%rét of the cyclic. matrices in }‘tlhﬂg“check matrix of a

certain code whose code rate is not the minimum value among the L DPC codes is defied as wo and

the maximum calyrmaeioltof thg eyclcmelricesdn the check marixgl A cade having A gode rate

lower than that of the certain code is defined as wil.
than O.

13. The coding device according to claim 12,
wherein

a value of b or ¢ 1s so adjusted that all of
pesitions of parity in the check matrices of the codes
are on a right side cn the check matrix, or on a left
side, or with constant intervals.

14. The coding device according to claim 13,
wherein

the number of cyclic matrices in the parity check
matrix of a code having a highest code rate is only one
in a row direction, and 2 < wy is satisfied.

15. The coding device according to claim 14,
wherein

column weight of the cyclic matrices in the parity
check matrix of a code having a lowest code rate is 0 or
1.

16. The coding device according to claim 15,
wherein

column weight of the parity check matrix is

constant for the codes of all of the code rates.
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17. The coding device accerding to claim 16,
wherein

column weight of the parity check matrix is 3.

18. The cecding device according to claim 17,
wherein

all of the codes are self-ocrthogonal.

19. The coding device according to claim 18,
wherein

a minimum hamming distance of all of the codes is
at least ©.

2C0. The coding device according to claim 14,
wherein

coding is performed, including a code that is
obtained by changing length m of one side of an identity

matrix and has a different code length.
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Abstract

The present invention relates to coding method and
coding device that allow Rate-~Compatible LDPC (low-
density parity-check) codes to have favorable BER
performance both with a low code rate and with a high
code rate. In coding of LDPC codes that have plural code
rates and whose all parity check matrices are composed of
plural cyclic matrices, a coder 121 performs the coding
in such a way that 1 < wy and w; < wp are satisfied when
the maximum column weight of the cyclic matrices in the
check matrix of a certain code whose code rate is not the
minimum value among the LDPC codes is defined as wy and
the maximum column welight of the cyclic matrices in the
check matrix of a2 code having a code rate lower tﬁan that

of the certain code is defined as wy.
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