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METHOD OF ENCODING/DECODING

USING LOW DENSITY CHECK CODE MATRIX

[DESCRIPTION]

TECHNICAL FIELD

The present invention relates to a method of encoding/decoding using a low density
parity check (LDPC), and more particularly, to a method of encoding data using a parity
check matrix, a method of decoding encoded data, and a data retransmission method using

the same.

BACKGROUND ART

FIG. 1 illustrates a structure of a mobile communication channel to which the present
invention and the related art are applied. Hereinafter, the structure of the mobile
communication channel will be described with reference to FIG. 1. A transmitter undergoes a
channel coding procedure to transmit data without loss or distortion through a radio channel.
Examples of the channel coding include convolutional coding, turbo coding, LDPC coding,
etc. The data which has undergone the channel coding procedure can be transmitted to the
radio channel as a single symbol which includes several bits. At this time, a procedure of
mapping several bits to a single symbol is referred to as modulation.

The modulated data is converted into a signal for multiple transmission through a
multiplexing procedure or a multiple access method. Examples of the multiplexing procedure
include CDM, TDM, FDM, etc. An example of OFDM(Orthogonal Frequency Division
Multiplexing) is shown in FIG. 1. The signal which has undergone the multiplexing block is

changed to a structure suitable for transmission to one or more multi-antennas, and then is
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transferred to a receiver through the radio channel. Fading and thermal noise occur in the
transmitted data when the data passes through the radio channel. For this reason, distortion
may occur in the data.

The modulated data is transferred to the receiver through the radio channel. In this
case, fading and thermal noise occur in the transmitted data, whereby distortion may occur
therein. The receiver perfonﬁs a series of procedures of the transmitter in reverse order after
receiving the distorted data. The receiver performs demodulation to convert the data mapped
to the symbol into a bit stream, undergoes channel decoding, and restores the distorted data to
the original data.

An apparatus of performing the channel coding stores a matrix H or a matrix G
wherein the matrix H is a parity check matrix used to generate parity bits to be added to input
data (systematic bits), and the matrix G is a parity check generate matrix derived from the
matrix H. In other words, the transmitter includes an encoder which generates parity bits
through the input data and the matrix H or G. An apparatus of performing channel deéoding
checks whether the systematic bits are restored well, through operation of the received data
(distorted systematic bits + parity bits) with the matrix H, and performs operation again if the
systematic bits are failed to be restored.

Examples of the modulation include BPSK(Binary Phase Shift Keying),
QPSK(Quadrature Phase Shift Keying), 16-QAM(Quadrature Amplitude Modulation), 64-
QAM, 256-QAM, etc. For example, 16-QAM maps the data stream which has undergone
channel encoding to a single symbol in a unit of 4 bits during modulation. 16-QAM demaps
the single symbol received through the radio channel four bits during demodulation.

Hereinafter, a data retransmission method that can be used along with the present

invention will be described. There are provided various examples of the data retransmission
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method. Of them, HARQ(Hybrid Automatic Repeat reQuest) method will be deécribed. The
HARQ scheme is obtained by combination of FEC(Forward Error Correction) symbol and
ARQ(Automatic Repeat reQuest) which is a retransmission method in a mobile
communication system. According to the ARQ method, if error is detected from data received
by the receiver, the receiver requests retransmission to a transmitter. Examples of the ARQ
method include Stop-And-Wait, Selective Repeat, Go-Back-N, etc. depending on the
retransmission method. According to the Stop-And-Wait method, as shown in FIG. 2, if the
transmitter receives an acknowledgement (ACK) message from the receiver after transmitting
data, the transmitter transmits ne;xt data, wherein ACK message notifies that the receiver has
successfully received the data; If the transmitter receives a NACK message from the receiver,
wherein NACK message notifies that the receiver has failed to successfully receive the data,
the transmitter retransmits the failed data.

Meanwhile, according to the Go-Back-N method, the transmitter first transmits N
number of data and receives ACK messages from the receiver in due order. FIG. 3 illustrates a
case of N=7, wherein the number N of data which are transmitted without ACK message is
referred to as a window size. If the transmitter receives NACK message in response to the kth
data, the transmitter sequentially transmits data starting from the kth data.

FIG. 4 illustrates a Selective Repeat method. According to the Selective Repeat
method, like the Go-Back-N method, the number N of data which are transmitted without
ACK or NACK message is referred to as a window size, and retransmission is selectively
performed for only data with NACK message.

According to the aforementioned HARQ scheme, if retransmission is performed in
the ARQ method, previously transmitted data is combined with retransmitted data to restore

the data through FEC symbol. The HARQ scheme is classified into a chase combining
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method and an incremental redundancy method depending on a combining method of the two
data. According to the chase combining method, as shown in FIG. 5, the receiver combines
transmission data with retransmission data to increase a receiving signal to noise ratio (SNR),
thereby increasing a receiving success ratio of data at the receiver.

Meanwhile, unlike the chase combining method, the incremental redundancy
method (hereinafter, referred to as ‘IR method’) transmits some of encoded data, which have
not been used for first transmission, during retransmission of the transmitter to decrease a
coding rate of data received at the receiver, thereby increasing a receiving success ratio.

Hereinafter, LDPC coding will be described. A concept of LDPC coding is as
follows.

A linear code can be described with the parity check generation matrix G and the

T_
parity check matrix H. A characteristic of the linear code is that the equation of He =

is satisfied for every bit of a codeword ‘c’.  As one of the linear code, the LDPC code which
is recently paid attention to was proposed by Gallager in 1962 for the first time. One of the
characteristics of the LDPC coding is that most of elements of the parity check matrix H are
‘0’ and the number of elements which are not ‘0’ is small compared to the codeword, so that
repetitive decoding based on probability is possible. A parity check matrix H for the first
proposed LDPC code was defined in a non-systematic form and each row and column of the
parity check matrix were designed to equally have a small weight.

In this case, the weight means the number of ‘1° included in each row and column.

The LDPC coding scheme has low decoding complexity since a density of elements
which are not ‘0’ in the parity check matrix H is low. Further, decoding performance of the
LDPC coding is superior to other coding schemes, which is adjacent to the theoretical limit of

Shannon. However, the LDPC coding scheme could not be implemented with the hardware
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technique at the time of proposal by Gallegar, so that the LDPC coding scheme has not been
paid attention to by the people for 30 years. A repetitive decoding scheme using graphs was
developed in early 1980’s and a couple of decoding algorithms for the LDPC code have been
developed using the repetitive decoding scheme. One of them is a sum-product algorithm.

The LDPC coding has a superior error correction capability, thereby improving
communication speed and capacity. When combined with a multi-input énd multi-output
(MIMO) scheme, the LDPC coding can be applied to a high speed wireless LAN having a
data transmission speed of several hundred Mbit/s, a high speed mobile communication
system having a data transmission speed of one Mbit/s for a user moving at a speed of 250
km/h, and an optical communication system having a data transmission speed of 40 Gbit/s.
In addition, the LDPC coding can enable a quantum encryption communication diminishing
the number of retransmission on a communication path having low quality since transmission
quality is improved due to its high error correction capability. Further, data packets having
errors can be easily recovered due to the low complexity and superior loss compensation
capability of the LDPC coding, so that contents having quality equal to that of TV can be
transmitted through the Internet and the mobile communication system. 10G BASE-T
transmission within a range of 100m which has been considered impossible earlier can be
realized owing to wide application range and large capacity which are advantages of the
LDPC coding. In addition, transmission capacity of a single satellite transmitter having 36
MHz bandwidth can be increased up to 80 Mbit/s which is 1.3 times of usual transmission
capacity. With the above described advantages, the LDPC coding scheme is adopted as a
next generation coding scheme in a communication system, like IEEE 802.16 or IEEE 802.11,
etc.

Hereinafter, a structured LDPC will be described.
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A parity check matrix H is used in the LDPC encoding and decoding method, and
includes most of elements 0 and some elements 1. Since the matrix H has a great size of 10°
bits or greater, a large sized memory is required to express the matrix H. The structured
LDPC expresses the elements of the matrix H used for LDPC encoding and decoding as a
sub-block of a certain size as shown in FIG. 7. In IEEE 802.16¢, the sub-block is expressed
by one integer index to decrease the sizé of the memory required to store the matrix H.
Various kinds of matrixes could be the sub-block. For example, a permutation matrix of a
certain size could be the sub-block.

If the structured LDPC is used, one integer (i.e., index) is only needed to be stored in
a specific memory instead of a certain sized matrix consisting of elements of 1 or 0.
Accordingly, the size of the memory required to express the matrix H can be decreased.

For example, if a size of a codeword reflected in the IEEE802.16e standard is 2304
and a coding rate is 2/3, a model matrix used for LDPC encoding/decoding is as shown in
FIG 8.

As shown in FIG. 8, the structured LDPC matrix of IEEE802.16e consists of elements
of -1, 0 and positive integers, wherein -1 represents a zero matrix of which elements are all 0,
and O represents an identity matrix. The positive integers excluding -1 and 0 constitute a
permutation matrix in which the identity matrix is shifted to the right by positive integers. In
other words, if elements constituting a matrix are 3, it represents a permutation matrix in
which the identity matrix is shifted to the right three times.

FIG. 9 illustrates a method of expressing a matrix according to the aforementioned
positive integers, i.e., shift numbers. It is assumed that a specific matrix H is expressed by a
structured matrix of 4x4 (i.e.,vsub-block). In this case, if the specific sub block is expressed

by 3, the sub-block becomes a matrix of FIG. 9.
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Hereinafter, LDPC encoding method will be described.

According to a general LDPC encoding method, information bits are encoded by
using a generation matrix G derived from an LDPC parity check matrix H. For generating the
generation matrix G, the parity check matrix H is configured in the form of [ PT:1]byusing
a Gaussian reduction method. Assuming the number of the information bits is ‘°k’ and a size
of an enc‘oded codeword is ‘n’, the ‘P’ is a matrix having ‘k’ number of rows and ‘(n-k)’
number of columns and the ‘I’ is an identity matrix having ‘k’ number of rows and columns.

When the parity check matrix H is represented in the form of [ PT : 1], the generation
matrix G has the form of [ I: P ]. The information bjts of k bits to be encoded can be
represented as a matrix ‘x’ having one row and k’ number of columns. In this case, the
codeword ‘¢’ is represented in the form of the following equation.

c=xG=[x:xP]

In the above equation, x represents a systematic part, and xP represents a parity part.

Meanwhile, if encoding is performed by the Gaussian Reduction method as above,
since a calculation amount is increased, the form of the matrix H is designed in a specific
structure so that a method of directly encoding data in the matrix H without deriving the
matrix G is used. In other words, if the equation 1 is multiplied by HT by using a feature (i.e.,
GH'=0) that a product between the matrix G and a transpose HT for the matrix H, the
following equation 2 can be obtained. The codeword ‘c’ can be obtained by adding a parity
bit suitable for the equation 2 next to the information bit ‘x.’

[Equation 2]
cH =xGH = [x:xP][F 7T ] =0

Hereinafter, LDPC decoding method will be described.

Data encoded in a communication system includes noise when passing through a
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radio channel of FIG. 1. A receiver represents a decoding procedure of data through a
procedure as shown in FIG. 10. A decoding block of the receiver obtains an information bit
‘x’ from a receiving signal ¢’ having the encoded codeword ‘¢’ added with noise by using the
feature of cH'=0. In other words, assuming that the received codeword is ¢’, a value of
¢’H' is calculated. As a result, if the value of ¢’HT is 0, first k number of bits from ¢’ are
determined as the information bit x. If the value of ¢’H” is not 0, ¢’ which satisfies cH" of 0
is searched by using a decoding method of a sum-product algorithm through a graph, thereby
restoring the information bit x.

Hereinafter, a coding rate of LDPC coding will be described.

Generally, when the size of the information bit is k and the size of the codeword
which is actually transmitted is n, a coding rate (R) is as follows.

[Equation 3]

R=k/n

When the matrix H necessary for LDPC encoding and decoding has a row size of m
and a column size of n, a coding rate is as follows.

[Equation 4]

R=1-m/n

As described above, since the related art LDPC code is encoded and decoded by the
matrix H, the structure of the matrix H is very important. In other words, since encoding and
decoding performance is greatly affected by the structure of the matrix H, design of the
matrix H is more important than anything else.

Hereinafter, the related art problems will be described.

The related art, for example, the LDPC encoding method of IEEE 802.16e, supports

various coding rates. To this end, a parity check matrix or a model matrix corresponding to
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each coding rate is stored in an encoder. For example, since IEEE 802.16¢ supports a coding

rate of 1/2, 2/3A, 2/3B, 3/4A, and 5/6, a model matrix according to each coding rate is stored

in the memory.
[Table 1]
Coding rate Total nonzero weight at model matrix

12 76
2/3A 80
2/3B 81
3/4A 85
3/4B 88

5/6 80

In the LDPC encoding or decoding method according to the related art, since a
plurality of model matrixes are used, many memories are required in the transmitter and the
receiver, and it is difficult to apply the LDPC encoding or decoding method to various kinds
of data retransmission methods such as ARQ or HARQ. For example, if data retransmission
is performed in éccordance with the IR method, a coding rate during initial transmission
should be different from that during retransmission. To use different coding rates, encoding
should be performed through different model matrixes. In other words, since a first model
matrix used during initial transmission is different from a second model matrix used after
reception of a NACK, a parity bit generated by the first model matrix becomes different from
that generated by the second model matrix, thereby making combining reception in the
receiver impossible.

DISCLOSURE OF THE INVENTION

Accordingly, the present invention is directed to a method of encoding data using a

parity check matrix, a method of decoding encoded data, and a data retransmission method
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using the same, which substantially obviate one or more problems due to limitations and
disadvantages of the related art.

An object of the present invention is to provide a method of encoding/decoding data
using an LDPC code, to which various retransmission methods such as ARQ and HARQ can
be applied, and a data retransmission method thereof.

Another object of the present invention is to prO'\/ide a method of encoding/decoding
data using an LDPC code, which supports different coding rates, and a data retransmission
method thereof.

Other object of the present invention is to provide a method of encoding/decoding
data using an LDPC code, which can improve encoding and decoding efficiency, and a data
retransmission method thereof.

To achieve these objects and other advantages and in accordance with the purpose of
the invention, as embodied and broadly described herein, a method of re-transmitting data in
a mobile communication system comprises a first step of encoding an information bit
sequence by using a first parity check matrix corresponding to a first coding rate among at
least two parity check matrixes corresponding to different coding rates, a second step of
transmitting a first codeword generated by encoding of the first step to a receiver, a third step
of receiving a negative reception acknowledgement (NACK) from the receiver in response to
the first codeword, a fourth step of encoding at least a part of the information bit sequence by
using at least a part of a second parity check matrix corresponding to a second coding rate
among the at least two parity check matrixes, and a fifth step of transmitting at least a part of
a second codeword generated by encoding of the fourth step to the receiver.

In another aspect of the present invention, a method of retransmitting data in a

communication system comprises transmitting a codeword encoded by a first parity check
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matrix corresponding to a first coding rate, amoné at least two parity check matrixes
corresponding to different coding rates, receiving NACK from the receiver in response to the
codeword, and transmitting parity bits encoded by a part of a second parity check matrix
corresponding to a second coding rate, among the at least two parity check matrixes, to the
receiver.

In other aspect 'of the present invention, a method of decoding data by LDPC code in
a receiver of a communication system comprises receiving a first codeword encoded by a first
parity check matrix from a transmitter, receiving a péu‘ity bit sequence of a second codeword
encoded by at least a part of a second parity check matrix from the transmitter, and decoding
a codeword sequence, which is obtained by combining a part of the first codeword wi;ch the
parity bit sequence of the second codeword received from the transmitter, by using the second

parity check matrix.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 illustrates a structure of a mobile communication channel to which the present
invention and the related art are applied;

FIG. 2 to FIG. 4 illustrate a retransmission method according to the related art;

FIG. 5 and FIG. 6 illustrate a retransmission method according to the related art and
the present invention;

FIG. 7 illustrates a concept of a sub-block on a parity check matrix;

FIG. 8 is an example of a model matrix suggested in the related art;

FIG. 9 illustrates a concept of a model matrix expanded to a parity check matrix;

FIG. 10 illustrates a method of decoding data using LDPC according to the related

art and the present invention;
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FIG. 11A and FIG. 11B illustrate a model matrix to which HARQ scheme can be
applied in accordance with one embodiment of the present invention;

FIG. 12A to FIG 12I illusirate various model matrixes of a lower triangle type
according to the preferred embodiment of the present invention;

FIG. 13, FIG. 14, FIG. 16 and FIG. 17 illustrate a mother matrix to illustrate a data
retransmission method according to another embodiment of the present invention;

FIG. 15 illustrates features of a parity check matrix used in one embodiment of the
present invention;

FIG. 18 to FIG. 19D illustrate an example of a parity check matrix according to
another embodiment of the present invention;

FIG. 20 illustrates a method of encoding data using LDPC according to another
embodiment of the present invention;

FIG. 21 illustrates a method of selecting information bit sequence used when
encoding and decoding are performed in accordance with the embodiment of FIG. 20;

FIG. 22 illustrates another method of selecting information bit sequence used when
encoding and decoding are performed in accordance with the embodiment of the present
invention;

FIG. 23 illustrates other method of selecting information bit sequence used when
encodﬁg and decoding are performed in accordance with the embodiment of the present
invention;

FIG. 24 is a block diagram illustrating a method of performing encoding using a
model matrix adopted in the IEEE 802.16e standard which is suggested in the related art;

FIG. 25A to FIG. 25C illustrate a method of performing encoding in accordance with

the embodiment of the present invention;
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FIG. 26 illustrétes a method of selecting information bit sequence used when
encoding and decoding are performed in accordance with the embodiment of the present
invention;

© FIG. 27 illustrates another method of selecting information bit sequence used when
encoding and decoding are performed in accordance with the embodiment of the present
invention;

FIG. 28 illustrates other method of selecting information bit sequence used when
encoding and decoding are performed in accordance with the embodiment of the present
invention; and

FIG. 29 illustrates a performance curve of an embodiment which supports various
coding rates by using one mother matrix in accordance with the embodiment of the present

invention.

BEST MODE FOR CARRYING OUT THE INVENTION

Hereinafter, structures, operations, and advantages of the present invention will be
understood readily by the preferred embodiments of the present invention, examples of which
are illustrated in the accompanying drawings.

Hereinafter, a matrix which represents a parity check matrix by using a sub-block of
a specific size of zXz depending on the aforementioned structured LDPC will be referred to
as a model matrix. Bach sub-block of the model matrix can be expanded to various kinds of
models by a specific index. The model matrix uses an index as its element. Each sub-block of
the model matrix can be determined by various methods depending on the index. Hereinafter,

it is assumed that the index is a shift number of an identity matrix of a specific size (zXz). In

other words, each sub-block is generated by shifting each row or column of a base matrix (for
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example, identity matrix) of zXz dimension in a certain direction. Each sub-block can be
identified by the shifted number of each row or column. A method of generating each sub-
block from the base matrix is not limited to shift of row or column. A sub-block having an
index of ¢-1” is a zero matrix of a specific size (z X z).

The model matrix can be expanded to a specific parity check matrix depending on
indexes. In other words, each index of the model matrix can be replaced with a sub-block
depending on rules indicated by each index to generate a parity check matrix. In other words,
performing encoding and decoding by using the model matrix means that encoding and
decoding are performed by a specific parity check matrix generated by the model matrix.

According to the aforementioned related art, in order to obtain an apparatus for
encoding/decoding data, which supports a plurality of coding rates, model matrixes
equivalent to the number of the supported coding rates are required. However, in this
embodiment of the present invention, encoding and decoding are performed using one mother
matrix.

The mother matrix could be a model matrix or a parity check matrix. Also, the parity
check matrix may be generated by being expanded from a specific model matrix. Hereinafter,
a method of performing encoding using a specific model matrix as a mother matrix will be
described.

FIG. 11A illustrates a model matrix to which an HARQ scheme can be applied in
accordance with one embodiment of the present invention. If it is assumed that a model
matrix of FIG. 11A is Hy, the model matrix Hy consists of a systematic part Hy and a parity
part H,, wherein the systematic part corresponds to an information bit sequence. The model
matrix can be arranged by the following equation.

[Equation 5]
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Hb:[ (Hbl)ma * kal(HbE)ma * ma]

The my, represents the number of sub-blocks located in the model matrix of FIG 11A
in a column direction. Also, the k, represents a value obtained by subtracting the my, from the
number ny, of sub-blocks located in a row direction of the model matrix. In other words, the
systematic part of the model matrix has a size of mp, % kg in case of a unit of a sub-block. Also,
the parity part of the model matrix has a size of my X mp in case of a unit of a sub-block. A
coding rate R is determined by the size of the model matrix, i.e., R = ky/(ky+my).

The model matrix used in the embodiment of the present invention is preferably
designed in a format of a lower triangle type. Hereinafter, the lower triangle type will be
described. Various model matrixes suggested in the embodiment of the present invention
have dual diagonal elements in the parity part. The dual diagonal elements according to the
embodiment of the present invention consist of one diagonal element D and an element N
adjacent to the diagonal element D as shown. The adjacent element N is located to be lower
than the diagonal element. In other words, the adjacent element is located at the left of the
diagonal element. Lower and upper elements and left and right elements of the matrix are
variable depending on a viewing direction of the matrix. The mother matrix according to the
embodiment of the present invention will be described below in view of another aspect. '

It is assumed that a specific model matrix is [Hq : Hp], a row of a sub-block in the
parity part of the model matrix is 1, a column thereof is indexed as ¢, and a shift number for a
specific sub-block is Ayc. In this case, the index A, has a random integer not ¢-1’ in case of
r=c and r=c+1. In other words, if the parity part of the specific model matrix has 16 sub-
blocks, the parity part is determined as shown in Equation 6 below.

[Equation 6]
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fAO,(]:xl A0,1='1 Ao,zz'l A0’3=—1
Ay =%, Ay =% A1’2=-1 /111,3:‘1
Ay o=y, Ay 7%, Ay =-1

As,c-:yz A3,1=y'3 As,zzxs X7

X5

A 2.3
A 3,3

In the above equation, x; and y; represent random positive integers. Since the parity
part of the model matrix or the parity check matrix can be arranged variously depending on a
design method of the dual diagonal elements, the mother matrix of FIG. 11A can be expressed
that it has been designed in accordance with the lower triangle type.

FIG. 12A to FIG. 121 illustrate various model matrixes according to the low triangle
type. In the model matrix of FIG. 12A to FIG. 121, x_1 to x_21, y_1 to y45, and z1 to z55
represent random shift numbers. Since the x_1 to x_21 are dual diagonal elements, they may
have various shift numbers excluding '-1' which means a zero matrix. Also, since the
systematic part (Hg-part) of the model matrix of FIG. 12A to FIG. 121 may have various shift
numbers, display of the shift numbers will be omitted.

As shown in FIG. 124, the dual diagonal elements of the model matrix and the other
elements except for the dual diagonal elements may have the same value or different values.
Also, as shown in FIG. 12B, the dual diagonal elements of the model matrix designed in
accordance with the lower triangle type could be shift numbers of ‘0°. As shown in FIG 12C
and 12D, the elements located above the dual diagonal elements of the model matrix
designed in accordance with the lower triangle type could be shift numbers of ‘-1°
corresponding to a zero matrix. However, as shown in FIG. 12D, the model matrix designed
in accordance with the lower triangle type may include a specific number of elements zl, z2,
z3 not *-1.” FIG. 12E illustrates another example of the model matrix designed in accordance

with the lower triangle type. As shown, the elements located below the dual diagonal
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elements could be shift numbers of -1” corresponding to a zero matrix. Also, as shown in
FIG. 12F and FIG. 12G, some of the elements located below the dual diagonal elements could
be elements y_1 not *-1.” FIG 12H and FIG. 121 illustrate another example of the model
matrix designed in accordance with the lower triangle type. As shown, the element x_1 of the
model matrix designed in accordance with the lower triangle type could be a random element
not ‘0’ and “-1,” and a specific number of elements located in the same column as that of the
random element could be random elements not ‘-1.” The location and number of the elements
not *-1°, which are located in the same column as that of the dual diagonal elements not ‘0,
can be determined variously. In other words, the location and number of the elements not ‘-1’
Can have various values depending on the encoder which generates parity bits or the structure
of the systematic part of the model matrix.

The‘mother matrix suggested in the present invention is classified depending on a
plurality of regions, and systematic parts of the respective regions preferably have different
weight densities.

First, the plurality of regions provided in the mother matrix will be described.

In the example of FIG. 11B, a coding rate of the mother matrix 1204 is 1/3, and sub-
matri);es of the mother matrix 1204 are located in the regions 1201, 1202 and 1203. A sub-
matrix is a region of the mother matrix, and is configured as shown in FIG. 11B. In other
words, information bits encoded by the regions 1201, 1202 and 1203 has the same length as
that of information bits encoded by the mother matrix 1204. The sub-matrixes are different
from one another in their sizes and have unique coding rates depending on their sizes. For
example, the first sub-matrix 1201 has a coding rate of about 3/4 (exactly, 20/27), the second
sub-matrix 1202 has a coding rate of 2/3, and the third sub-matrix 1203 has a coding rate of

1/2. Also, a sub-matrix which generates a codeword having a lower coding rate includes a
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sub-matrix which generates a codeword having a higher coding rate. The mother matrix
according to this embodiment is characterized in that it includes at least one sub-matrix.
Although the mother matrix is divided into four regions for convenience of description in this
embodiment, there is no limitation in the number of the divided regions.

In this embodiment of the present invention, encoding/decoding is performed using
the aforementioned mother matrix. In this case, encoding/decoding is performed by éntire or
a part of the mother matrix. In other words, encoding/decoding is performed by the mother
matrix or at least one sub-matrix to support a plurality of coding rates. For example, an
encoder provided in a transmitter can perform encoding by storing the mother matrix in a
memory and reading entire or a part of the mother matrix depending on a desired coding rate.
Also, a decoder provided in a receiver can perform decoding by storing the mother matrix in
its memory and reading entire or a part of the mother mairix depending on the coding rate
used in the transmitter. In other words, although different model matrixes are conventionally
stored in the memory depending on each coding rate, if encoding and decoding are performed
using the mother matrix suggested in this embodiment of the present invention, entire or a
part of one mother matrix are used. Thus, various kinds of coding rates can be supported with
a small sized memory.

As described above, the systematic parts of the respective regions of the mother
matrix according to this embodiment of the present invention preferably have different
weight densities. Hereinafter, weight of the systematic part of the sub-matrix divided
depending on the respective regions will be described.

Weight density for row or column in the systematic part of each sub-matrix of the
mother matrix is preferably determined by each sub-matrix. The weight represents the

number of non-zero elements which are not ‘0’ in a specific row or column. Also, the weight
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density represents a rate between non-zero elements and entire elements in a specific row or
column. In more detail, it is preferable that the weight density of row or column for the
systematic part of the first sub-matrix 1201 is the highest. It is preferable that the weight
density of row or column for the systematic part of the second sub-matrix 1202 is the second
highest. It is also preferable that the weight density of row or column for the systematic part
of the third sub-matrix 1203 is the third highest. It ié also preferable that the weight density of
row or column for the systematic part of the mother matrix 1204 is the lowest.

In other words, the weight density of row or column for the systematic part of the
mother matrix 1204 is preferably determined differently depending on the systematic part
determined depending on the coding rate. Also, it is more preferable that the weight density
of row or column for the systematic part which supports a high coding rate is higher than the
weight density of row or column for the systematic part which supports a low coding rate.

Hereinafter, a method of encoding data using the mother matrix according to the first
embodiment of the present invention and retransmitting the encoded data in accordance with
the HARQ scheme will be described.

FIG 13 illustrates a method of performing encoding using the first region 1301 of
the mother matrix. Hereinafter, the mother matrix divided into four regions. will be described.
In other words, the systematic parts of the respective regions preferably have different weight
densities.

First, the transmitter performs encoding by using the first region 1301 of the mother
matrix according to this embodiment of the present invention. Since LDPC encoding is a
systematic encoding method, an information bit sequence corresponding to the systematic
part Hy of the mother matrix is included in the information bit as it is. However, parity bits p

calculated depending on a structure of the systematic part of the first region is additionally



10

15

20

WO 2007/145487 PCT/KR2007/002921

20
included in the information bit sequence.

In short, the transmitter performs encoding in accordance with the first region 1301
and transmits, to the receiver, a codeword consisting of the informatién bit sequence and
parity bit sequence p;. Since a coding rate according to the encoding is determined depending
on a rate between row and column of the first region, the transmitter transmits data at a
coding rate of aboﬁt 3/4 (exactly, coding rate of 20/27). The receiver performs decoding by
using the mother matrix used in the transmitter. The receiver does not request retransmission,
if no error oceurs in the received data, in accordance with the HARQ scheme, i.e., if the
received data is successfully decoded. However, the receiver requests the transmitter of
retransmission if it fails to successfully decode the received data. In other words, the receiver
performs decoding by using the first region 1301 used in the transmitter, and sends ACK to
the transmitter if a syndrome test or cyclic redundancy check (CRC) test succeeds. However,
if the syndrome test or the CRC test is failed, the receiver sends NACK to the transmitter to
request retransmission.

If the transmitter receives NACK, the transmitter performs encoding by using the
mother matrix as shown in FIG. 14. The transmitter performs encoding by using the second
region 1401 of the mother matrix according to this embodiment to decrease an actual coding
rate from 3/4 to 2/3. However, since the mother matrix according to this embodiment is
designed in a lower triangle type, the transmitter does not need to perform encoding by using
the entire part of the second region 1401. In other words, the transmitter may calculate p, by
performing calculation for the region 1402 corresponding to the parity bit p, of the second
region and transmit P only to the receiver.

If encoding is performed using a general model matrix, encoding corresponding to

the entire of the region 1401 is required. This is because that encoding of the entire of the
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systematic part is required to calculate specific parity bits in case of the general model matrix.
In other words, calculation for the entire of the region 1301 of FIG. 13 and calculation for the
entire of the region 1401 of FIG. 14 are sequentially required. Also, the transmitter which
uses the general model matrix transmits the codeword including Hy and p; by performing
encoding of FIG. 13 and transmits the codeword including Hg, p1 and p, by again performing
encoding of FIG. 14. In other words, the transmitter should retransmit the parity bits which
have been already transmitted before receiving NACK.

However, since the mother matrix according to this embodiment is the model matrix
designed in accordance with the lower triangle type, the transmitter can perform encoding
calculation by the region 1402 corresponding to the additional parity bits to calculate the
additional parity bits p, and transmit only the additional parity bits to the receiver.

The reason why that partial calculation can be performed using the mother matrix
according to this embodiment will be described with reference to FIG. 15.

FIG. 15 illustrates an example of encoding performed by the parity check matrix of
the lower triangle type according to this embodiment. In the example of FIG. 15, altilough
encoding will be described based on the parity check matrix operated in a bit unit for
convenience of description, the encoding method according to the present invention may be
applied to both the model matrix and the parity check matrix, and the encoding operation may
be performed in a bit unit or sub-block unit.

Information bits of FIG. 15 are ag, aj, az, as, and parity bits po, p1, P2, P3 may
additionally be provided by the parity check matrix of FIG. 15. Among the parity bits, the

first parity bit pois calculated through calculation of a part of the systematic part of FIG. 15.

p=aDa;

In other words, po can be calculated through only calculation * the

Girst row of FIG 15. Also, p; can be calculated through only calculation
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P = @ s @ Py for the second row of FIG. 15. When the value pi is being
obtained, the value po is required but is not needed to be newly obtained because the value po
is already calculated. Likewise, p, and p; can be obtained. In short, if a codeword which
include ag, a1, az, a3, po are generated to obtain the po, encoding is only needed for the first row
of FIG. 15. If calculation of p;is additionally required after po is obtained, encoding for the
second row of FIG. 15 can be performed without encoding for the first row of FIG 15.
Consequently, if the mother matrix of the lower triangle type according to this embodiment is
used, calculation for the region corresponding to the additional parity bits is performed, and
only the additional parity bits can be transmitted.

The receiver performs decoding using the region 1401 of FIG. 14 used in the
transmitter. In more detail, since the receiver uses the IR method of the HARQ scheme, the
receiver performs decoding by together receiving transmission data Hg, p1 received at a
coding rate of 3/4 and a part py of encoded data which has not been used for initial
transmission. The receiver sends ACK which does not request the transmitter of
retransmission if the syndrome test or the CRC test succeeds. However, if the syndrome test
or the CRC test is failed, the receiver sends NACK to the transmitter to request
retransmission.

If the transmitter receives NACK after sending a signal of a coding rate of 2/3, the
transmitter performs encoding by using the mother matrix as shown in FIG. 16. In other
words, the transmitter performs encoding by using the third region 1601 of FIG. 16 to
decrease an actual coding rate from 2/3 to 1/2. However, since the mother matrix according to
this embodiment is designed in a lower triangle type, the transmitter does not need to perform
encoding by using the entire part of the third region 1601. In other words, the transmitter may

calculate p3 by performing calculation for the region 1602 corresponding to the parity bits p3
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of the third region and transmit P3 only to the receiver.

The receiver performs decoding by using the region 1601 of FIG. 16 used in the
transmitter. In more detail, since the receiver uses the IR method of the HARQ scheme, the
receiver performs decoding by together receiving transmission data Ha, pi received at a
coding rate of 3/4, parity bits p, which have not been used for initial transmission and parity
bits ps. The receiver sends ACK which does not request the traﬁsmitter of retransmission if
the syndrome test or the CRC test succeeds. However, if the syndrome test or the CRC test is
failed, the receiver sends NACK to the transmiiter to request retransmission.

If the transmitter receives NACK after sending a signal of a coding rate of 172, the
transmitter performs encoding by using the mother matrix as shown in FIG. 17. In other
words, the transmitter performs encoding by using the fourth region 1701 of the mother
matrix according to this emi)odiment, i.e., the entire region, so as to decrease an actual coding
rate from 1/2 to 1/3. However, since the mother matrix according to this embodiment is
designed in a lower triangle type, the transmitter does not need to perform encoding by using
the entire part of the fourth region 1701. In other words, the transmitter may calculate ps by
performing calculation for the region 1702 corresponding to the parity bits ps of the fourth
region and transmit P4 only to the receiver.

The receiver performs decoding by using the region 1701 of FIG. 17 used in the
transmitter. Since the receiver uses the IR method of the HARQ scheme, the receiver
performs decoding by together receiving transmission data Ha, p; received at a coding rate of
3/4, parity bits p, which have not been used for initial transmission, parity bits ps, and parity
bits ps. The receiver sends ACK which does not request the transmitter of retransmission if
the syndrome test or the CRC test succeeds. However, if the syndrome test or the CRC test is

failed, the receiver sends NACK to the transmitter to request retransmission.
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The mother matrix according to this embodiment has been designed in accordance
with the lower triangle type and is divided into a plurality of regions. Preferably, the
systematic parts of the respective regions have different weight densities. Since weight
densities of the systematic parts of the respective regions are different from one another and
the weight density of the systematic part corresponding to the high coding rate is high,
various coding rates can efﬁcien;cly be supported through a small sized memory.

This embodiment of the present invention is characterized in that although
retransmission is performed using the IR method, a target coding rate can freely be selected
by using one parity check matrix. An example of a communication method which freely
selects a target coding rate includes a puncturing method used in a turbo code. The
puncturing method will be compared with the first embodiment as follows. The puncturing
method does not tranémit a specific part of the entire mother code. According to the
puncturing method, the receiver regards a part to which no data has not been transmitted as
an unstable symbol or bit and performs decoding by using the entire mother matrix. On the
other hand, in this embodiment, the transmitter performs encoding by using a part of the
mother matrix, and the receiver also performs decoding by using a part of the mother matrix.
The difference between this embodiment and the puncturing method will be described in
view of complexity of decoding. If decoding complexity of the mother matrix and the mother
code is 100 (coding rate of 3/4), the IR method which uses the puncturing method has
decoding complexity of 100. However, in this embodiment, decoding complexity is
decreased depending on some region of the mother matrix determined depending on the
coding rate. For example, if the target coding rate is 3/4, decoding complexity is only 32. In
other words, the region of the mother matrix which should perform calculation for decoding

is only 32% of the entire region of the mother matrix. If the decoding complexity is decreased,
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the cost of the decoder can be decreased. In addition to decrease of decoding complexity, this
embodiment is more advantageous than the puncturing method. In the puncturing method,
specific data are regarded as unstable bits or symbols to perform decoding even in case of no
transmission of the specific daté. In this case, decoding performance is decreased. However,

in this embodiment, excellent decoding performance is obtained along with various coding

rates.

If a coding rate is 1/2 and, in this case, decoding complexity is 100, decoding

complexity according to each coding rate is as shown in Table 2 below.

[Table 2]
Coding rate Encoding complexity Decoding complexity
Scheme Puncturing This Puncturing This
method embodiment method embodiment
3/4 100% 52% 100% 52%
2/3 100% 64% 100% 64%
172 100% 100% 100% 100%

As shown in Table 2, according to the related art puncturing method, encoding
complexity and decoding complexity are determined depending on the coding rate of the
mother matrix regardless of high and low of the coding rate. However, according to this
embodiment, since encoding complexity and decoding complexity are determined depending
on the coding rate, it is advantageous in that the cost can be reduced in actual hardware.

FIG. 18 illustrates an example of a parity check matrix according to another
embodiment of the present invention. The model matrix of FIG. 18 can be used for LDPC
encoding and decoding. Also, as described above, encoding and decoding can be performed
using the entire or some of the matrix of FIG. 18. If encoding and decoding are performed

using the entire or some of the matrix of FIG. 18, the aforementioned IR method can be used
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for data transmission and reception.

Hereinaﬁer, features of the model matrix of FIG. 18 will be described. The model
matrix of FIG. 18 consists of a systematic part and a parity part. The parity part is preférably
designed in accordance with the aforementioned lower triangle type. In this case, index more
than 0 (i.e., shift number) is preferably given to the last row of the first column. In the
example of FIG. 18, index of 75 is given to the region 1801. The index given to the region
1801 is preferably determined in accordance with the structure of the systematic part of the
model matrix. In other words, if the structure of the systematic part is varied, the value of the
index given to the region 1801 is varied. In other words, the index value of the region 1801 is
variable.

If the last row element of the first column of the systematic part has index more than
0, performance is improved. This fact can easily be identified through an experiment which
observes BER value.

FIG. 19A to FIG. 19D illustrate an example of the model matrix of FIG. 18 applied to
the IR method. As shown, the matrix of FIG 18 can be classified into four parts

corresponding to a specific coding rate. FIG. 19A is a block diagram illustrating encoding and

‘decoding by the first matrix 1901 corresponding to a first coding rate. FIG. 19B is a block

diagram illustrating encoding and decoding by the second matrix 1902 corresponding to a
second coding rate. FIG. 19C is a block diagram illustrating encoding and decoding by the
third matrix 1903 corresponding to a third coding rate. FIG 19D is a block diagram
illustrating encoding and decoding by the fourth matrix 1904 corresponding to a fourth
coding rate.

In short, in case of the matrix of FIG. 18, additional index is included in the party

part to improve performance. Also, the matrix of FIG 18 is divided into a plurality of regions
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for use in encoding and decoding which support various coding rates. Also, the matrix of FIG,
18 can be used if the IR method is supported.

FIG. 20 illustrates an LDPC encoding method according to another embodiment of
the present invention. Each block of FIG. 20 means the sub-block. In other words, the
encoding method of FIG. 20 is based on the model matrix. Since encoding according to the
present invention can be performed by the model matrix or the parity checic matrix, the
present invention is not limited to the example of FIG. 20. Each block of FIG. 20 has a
random index (i.e., shift number).

The encoding method according to this embodiment can be performed by a
transmitter which includes different parity check matrixes. The transmittér includes the same
parity check matrix or model matrix as that of a receiver which performs LDPC decoding,
and can perform encoding by using this parity check matrix or model matrix.

The transmitter according to this embodiment performs encoding by using the first
model matrix. The first model matrix includes a systematic part A corresponding to
information bit sequence and a parity part B which generates parity bits. Hereinafter, the
information bit sequence corresponding to the systematic part A of the first model matrix will
be referred to as a first information bit sequence (a), and the parity bits generated by the
parity part B of the first model matrix will be referred to as a first parity bit sequence (b).
Since LDPC code is defined in a systematic form, the first information bit sequence (a) is
included in the encoded codeword. In other words, the transmitter transmits the codeword
including the first information bit sequence (a) and the first parity bit sequence (b) to the
receiver. To transmit the encoded codeword, various modulation methods and various antenna
methods can be used. Also, it is preferable that the transmitter according to this embodiment

stores the first information bit sequence (2) in a separate memory area.
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The receiver can acquire the codeword by receiving the signal transmitted from the
transmitter. The first information bit sequence and the first parity bit sequence included in the
codeword are distorted by channel. Accordingly, the codeword acquired by the receiver
includes the distorted first information bit sequence (a’) and the distorted first parity bit
sequence (b’). The receiver performs syndrome test or CRC test for the distorted first
information bit sequence (a’) and the distorteci first parity bit sequence (b’). Since error test
and error correction can be performed for the LDPC code, decoding is performed to restore
the distorted first information bit sequence (a’) to the first information bit sequence (a) having
no distortion. The receiver transmits ACK/NACK depending on the result of the syndrome
test or the CRC test. In other words, the receiver transmits NACK to the transmitter if the
syndrome test or the CRC test is failed.

The transmitter which has received NACK performs encoding by using the second
model matrix. Also, if NACK is received, the transmitter performs encoding for the second
information bit sequence (a,) corresponding to a part of the first information bit sequence (a).
As described above, since the transmitter stores the first information bit sequence in a
separate memory area, the transmitter can acquire the first information bit sequence by
accessing the memory area when performing decoding for retransmission. Although the
transmitter encodes the information bit sequence corresponding to a part of the first
information bit sequence (a), the transmitter performs encoding by using the second model
matrix not the first model matrix.

The second model matrix includes a systematic part C corresponding to the
information bit sequence and a parity part D which generates parity bit sequence. The second
information bit sequence (a,) corresponds to any part of the first information bit sequence (a),

and corresponds to the systematic part C of the second model matrix one to one. The parity
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bit sequence generated by the parity part D of the second model matrix will be referred to as
second parity bit (d).

The transmitter transmits the second parity bit sequence (d) to the receiver. In other
words, the transmitter transmits the second parity bit sequence (d) as retransmission data in
response to NACK transmitted from the receiver.

The -receiver acquires the second parity bit sequence (d’) distorted by a radio channel.
The receiver performs decoding through the first part of the distorted first information bit
sequence (a’) stored in the memory and the distorted second parity bit sequence (d’).
Hereinafter, the first part of the distorted first information bit sequence (a’) will be expressed
as ay’. The distorted first information bit sequence (a’) is divided into the part a,” and the
other part a,’. The receiver decodes the part a,” and the distorted second parity bit sequence
(d’) by using the second model matrix. The receiver transmits ACK/NACK to the transmitter
in accordance with the result of the syndrome test or the CRC test. In other words, if the
receiver fails to successfully decode the data received from the transmitter, the receiver
transmits NACK to the transmitter. If the receiver successfully decodes the received data, the
receiver transmits ACK to the transmitter.

The transmitter which has received NACK encodes the third information bit
sequence by using the third model matrix. The third information bit sequence is a part of the
first information bit sequence (a) or the second information bit sequence (a;). If the second
information bit sequence a;, is divided into the part ay and the part ap; depending on a
predetermined rule, the third information bit sequence could be the part ay;. The third model
matrix consists of a systematic part E and a parity part F which correspond to the third
information bit sequence. The transmitter encodes the third information bit sequence by using

the third model matrix, and transmits the third parity bit sequence (f) of the encoded third
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information bit sequence to the receiver. The receiver acquires the distorted third parity bit
sequence (f”) during the transmission procedure.

In this embodiment, the third model matrix is used separately from the first model
matrix and the second model matrix. In other words, a part of any one of a plurality of model
matrixes used in this embodiment may be different from any one of the other of the model
matrixes.

The receiver performs decoding by using the third model matrix. As described above,
the receiver performs decoding by using the se.cond part of the distorted first information bit
sequence (a’) and the distorted third parity bit sequence (£”). As described above, the distorted
first information bit sequence (a’) is divided into the part a,’ and the other part a, depqnding
on a predetermined rule. Also, the part a,” can be divided into the part a,’ and the part a,;’
depending on a predetermined rule. In this case, the second part of the distorted first
information bit sequence (a”) will be referred to as a,;’.

The receiver decodes the part a,;’ and the distorted third parity bit sequence (d’) by
using the third parity check matrix. The receiver transmits ACK/NACK to the transmitter in
accordance with the decoded result.

In the embodiment of FIG. 20, the transmitter uses three parity check matrixes. Also,
if the transmitter performs encoding by using each of the parity check matrixes, the
transmitter again performs encoding by selecting a part of the first information bit sequence
(a) which is initially transmitted. A method of selecting a part of the first information bit
sequence (a) depends on a predetermined rule. The predetermined rule is also used for the
method of selecting information bit sequence when the receiver performs decoding.

The enéoding method according to this embodiment is advantageous in that it can be

used even though the first model matrix and the second model matrix are separate mairixes.
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In other words, this embodiment can be used even though the second model matrix is a part
of the first model matrix or the first model matrix is not a part of the second model matrix.
Also, this embodiment can be used even though the first model matrix and the second modei
matrix do not include the same parity part. Moreover, this embodiment can be used even
though the first model matrix has a size the same as or different from that of the second
model matrix.

Hereinafter, embodiments of the method of selecting the information bit sequence
used in encoding for retransmission will be described.

FIG. 21 illustrates a method of selecting the information bit sequence used when
encoding and decoding are performed in accordance with the embodiment of FIG. 20.

FIG 21 illustrates information bit sequence of 45 bits transmitted from the

transmitter and distorted information bit sequence of 45 bits received in the receiver. The

receiver can classify the distorted information bit sequence of 45 bits as' shown in FIG 21A,
FIG 21B and FIG. 21C. Also, the transmitter can classify the information bit sequence of 45
bits as shown in FIG. 21A, FIG. 21B and FIG. 21C. Namely, FIG. 21 illustrates three methods
of classifying the information bit sequence of 45 bits transmitted and received between the
transmitter and the receiver.

As shown in FIG. 21A, the transmitter which first transmits data classifies the entire
of the information bit sequence of 45 bits to be transmitted, into the first information bit
sequence (a) and performs encoding for the first information bit sequence (a). If parity bits
(not shown) are generated in accordance with the result of the encoding, the transmitter
transmits the first information bit sequence and its parity bits to the receiver. The receiver
classifies the entire of the received information bit sequence into the distorted first

information bit sequence (a’) and performs decoding.
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If the transmitter receives NACK from the receiver, the transmitter selects a part of
the information bit sequence of 45 bits to be transmitted as the second information bit
sequence (ap) as shown in FIG 21B and performs encoding for the selected part. Also, the
transmitter retransmits parity bits (not shown) of the second information bit sequence (ap) to
the receiver. The receiver selects the part a,’ of the initially received information bit sequence
of 45 bits as shown in FIG 21B and performs decodiﬁg for the selected bit and the
retransmitted parity bits. If the syndrome test or the CRC test is failed, the receiver transmits
NACK to the transmitter.

If the transmitter receives NACK, the transmitter selects a part of the information bit
sequence of 45 bits to be transmitted as the third information bit sequence (a,) as shown in
FIG. 21C and performs encoding for the selected part. Also, the transmitter retransmits parity
bits (not shown) of the third information bit sequence (a,) to the receiver. The receiver selects
the part a,’ of the initially received information bit sequence of 45 bits as shown in FIG. 21C
and performs decoding for the selected bit and the retransmitted parity bits.

The rule for determining the information bit sequence used for the multi-level
encoding procedure of the transmitter is the same as the rule for determining the information
bit sequence used for the multi-level decoding procedure of the receiver. As shown in FIG. 21,
if the transmitter performs encoding for the second information bit sequence (a,) and
transmits the encoded data, the receiver reads out the part a,’ corresponding to the second
information bit sequence of the part a’ stored in the memory. Also, if the transmitter performs
encoding for the third information bit sequence (ap;) and transmits the encoded data, the
receiver reads out the part a,;” corresponding to the third information bit sequence of the part
a’ stored in the memory.

The three methods shown in FIG. 21 can be determined in accordance with the parity
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check matrix. In other Words, if decoding is performed using the first parity check matrix, the

distorted information bit is selected in accordance with the method of FIG. 21A to perform

- decoding. Also, if decoding is performed using the second parity check matrix, the distorted

information bit is selected in accordance with the method of FIG. 21B to perform decoding.

Although the parity check matrixes used for encoding of the information bit
sequence of FIGs. 21A, 2IB and 21C may be different from one another, since the transmitter
and the receiver know the position of the information bit sequence used for encoding and
decoding, the receiver can perform decoding by using only the retransmitted parity bits even
though the transmitter retransmits the parity bits without retransmitting the information bit
sequence.

Since the example of FIG. 21 is only exemplary to describe this embodiment, the
present invention is not limited to such example. In other words, the information bit sequence
can freely be selected for the multi-level encoding. Hereinafter, FIG. 22 and FIG. 23 illustrate
examples of various methods of selecting the information bit sequence.

FIG. 22 illustrates another example of a method of selecting the information bit
sequence used when encoding and decoding are performed in accordance with the
embodiment of the present invention.

FIG. 22 illustrates another example of classifying thé information bit sequence of 45
bits into three methods. In other words, if the receiver receives the entire part of 45 bits (a’)
and its corresponding first parity bits (not shown), the receiver decodes the part a’ and the
parity bits and transmits ACK/NACK. If NACK is transmitted, the receiver receives second
parity bits (not shown) generated by the part a, of FIG. 22B and decodes the second parity
bits and the part a,’ of FIG. 22B.

FIG 23 illustrates another example of a method of selecting the information bit
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sequence used when encoding and decoding are performed in accordance with the
embodiment of the present invention.

In accordance with the embodiment of FIG. 23, the transmitter performs decoding by
using information bit sequence different from that of the related art.

As described above, the transmitter can include various kinds of model matrixes.
However, it is preferable that a plurality of parity check matrixes used in the transmitter have
different coding rates. Referring to the example of FIG. 20, decoding is performed using the
first model matrix to the third model matrix. The first model matrix corresponds to the first
coding rate, the second model matrix corresponds to the second coding rate, and the third
model matrix corresponds to the third coding rate.

Furthermore, in this embodiment, the model matrix adopted in the IEEE 802.16e
standard which is suggested in the related art can be used. FIG. 24 is a block diagram
illustrating a method of performing encoding using a model matrix adopted in the IEEE
802.16¢ standard which is suggested in the related art.

In the embodiment of FIG. 24, the transmitter performs encoding by using the first
matrix 1501 corresponding to a coding rate of 3/4. The codeword encoded by the first matrix
1501 is ﬁmsmitted to the receiver. The receiver performs decoding, and transmits NACK to
the transmitter if decoding is failed. Afterwards, the transmitter retransmits the parity bits
only without transmitting the information bit sequence. If retransmission is performed, the
transmitter changes the coding rate of 3/4 to the coding rate of 2/3 to allow the receiver to
perform decoding well. The receiver performs decoding by using the second matrix 1502. If
decoding is failed, the receiver can transmit NACK to the transmitter to request encoding of a
lower coding rate (coding rate of 1/2). The transmitter which has received NACK can

perform encoding by using the third matrix 1503 at the coding rate of 1/2.
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According to the retransmission method shown in FIG. 24, the transmitter first
transmits the codeword at a high coding rate, and if NACK is received, retransmits the parity
bits only. In other words, the transmitter retransmits the parity bits only, and the receiver
receives the retransmitted results together. In other words, if NACK is received, the
transmitter transmits a signal corresponding to a low coding rate. As a result, according to
this embodiment, the same advantage as that of the related art IR method can be obtained.

FIG. 25A to FIG. 25C illustrates a method of performing decoding in accordance
with the embodiment of the present invention. Each block of FIG. 25A to FIG. 25C means the
sub-block. In other words, the decoding method of FIG. 25A to FIG. 25C is based on the
model matrix. Since decoding according to the present invention can be performed by the
model matrix or the parity check matrix, the present invention is not limited to the example of
FIG. 25A to FIG. 25C. Each block of FIG. 25A to FIG. 25C has a random index (i.e., shift
number).

The decoding method according to this embodiment can be performed by a receiver
which includes different parity check matrixes. The receiver includes the same parity check
matrix or model matrix as that of the transmitter which performs LDPC encoding, and
performs decoding by using this parity check matrix or model matrix.

Referring to FIG. 25A, the transmitter performs encoding by using the first model
matrix. The first model matrix includes a systematic part A corresponding to information bit
sequence one to one and a parity part B which generates parity bits. Hereinafter, the
information bit sequence corresponding to the systematic part A of the first model matrix will
be referred to as a first information bit sequence (a), and the parity bits generated by the
parity part B of the first model matrix will be referred to as a first parity bit sequence (b). The

transmitter transmits the codeword including the first information bit sequence (a) and the
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first parity bit sequence (b) to the receiver. To transmit the codeword, data processing
procedures such as symbol mapping, modulation, interleaving, and frequency conversion can
be performed, and the codeword can be transmitted to the receiver by various antenna
methods.

The receiver can acquire the codeword by receiving the signal transmitted from the
transmitter. The first information bit sequence and the first parity bit sequehce included in the
codeword are distorted by channel. Accordingly, the codeword acquired by the receiver
includes the distorted first information bit sequence (a’) and the distorted first paﬁty bit
sequence (b’). Preferably, the receiver stores the distorted first information bit sequence (a’)
and the distorted first parity bit sequence (b’) in a separate memory. The receiver performs
the syndrome test or £he CRC test for the distorted first information bit sequence (a’) and the
distorted first parity bit sequence (b’) to check whether they have error. Since error test and
error correction can be performed for the LDPC code, decoding is performed to restore the
distorted first information bit sequence (a’) to the first information bit sequence (a) having no
distortion. The receiver transmits NACK to the transmitter if the syndrome test or the CRC
test is failed.

The transmitter which has received NACK performs encoding by using the second
model matrix. The transmitter initially performs encoding for the first information bit
sequence (a). After receiving NACK, the transmitter tries to perform encoding for the second
inférmation bit sequence (a,) corresponding to any part of the first information bit sequence
(a). The second matrix includes a systematic part C corresponding to the second information
bit sequence and a parity part D which generates parity bits. The second information bit
sequence (ap) corresponds to any part of the first information bit sequence (a), and

corresponds to the systematic part C of the second model matrix one to one. The parity bit
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sequence generated by the parity part D of the second model matrix will be referred to as
second parity bit (d).

The transmitter transmits the second parity bit sequence (d) to the receiver. In other
words, the transmitter transmits only the second parity bit sequence (d) as retransmission data
in response to NACK transmitted from the receiver.

As described above, the receivér stores the distorted first information bit sequence
(2’) in the separate memory. The receiver performs decoding through the first part of the
distorted first information bit sequence (a’) stored in the memory and the distorted second
parity bit sequence (d’). Hereinafter, the first part of the distorted first information bit
sequence (2’) will be expressed as a,’. The distorted first information bit sequence (a’) is
divided into the part ay’ and the other part a;’. The receiver decodes the part a,” and the
distorted second parity bit sequence (d’) by using the second model matrix. If the receiver
successfully performs decoding, i.e., if the receiver successfully performs error test or CRC
test, the receiver performs the procedure A of FIG. 25A. By contrast, if the receiver faﬁls to
successfully perform decoding, the receiver transmits NACK to the transmitter.

The procedure A is performed when decoding is successfully performed by the
second matrix. Since error test and error correction can be performed for the LDPC code, the
part ap” is corrected to a part a,” through decoding. Since the part a,” corresponds to bits
which are successfully decoded, it may be referred to as a known value. On the other hand,
since the part a,’ corresponds to bits which are not successfully decoded, it may be referred to
as an unknown value. In the procedure A, decoding is again performed for the distorted first
information bit sequence (a’). However, if decoding is performed for the distorted first
information bit sequence (a’), the same result is obtained. Accordingly, decoding is

performed for the part a,” corresponding to the unknown value and the part a,” corresponding
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to the known value. In short, in the procedure A, decoding is performed by the first matrix for
the part a,” and the part b’.

If decoding is successfully performed through the procedure A, since the receiver
restores the first information bit sequence (a) initially transmitted from the transmitter, the
retransmission procedure is ended. If decoding performed through the procedure A is failed,
since tﬁe receiver cannot restore the first information bit sequence (a) initially transmitted
fron.1 tﬁe transmitter, the retransmission procedure is stopped. If the procedure A is failed,
encoding and decoding are preferably performed by the matrix other than the first matrix.

Hereinafter, the case where the receiver transmits NACK to the transmitter as

decoding performed by the second matrix is failed will be described with reference to FIG.

25B.

The transmitter encodes the third information bit sequence by using the third matrix‘.
The third information bit sequence is a part of the first information bit sequence (a) or the
second information bit sequence (a,). If the second information bit sequence a, is divided into
the part a5 and the part a,; depending on a specific rule, the third information bit sequence
could be the part a,;. The third matrix consists of a systematic part E and a parity part F
which correspond to the third information bit sequence. The transmitter transmits the third
information bit sequence (f) encoded by using the third matrix to the receiver. The receiver
acquires the distorted third parity bit sequence (f*).

The receiver performs decoding by using the third matrix. As described above, the
receiver stores the distorted first information bit sequence (a’) in the separate memory. The
receiver performs decoding through the second part of the distorted first information bit
sequence (a’) and the distorted third parity bit sequence (f*). As described above, the distorted

first information bit sequence (a’) is divided into the part a,’ and the other part a,” depending
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on a predetermined rule. Also, the part a,’ can be divided into the part ay’ and the part ap’
depending on a predetermined rule. In this case, the second part of the distorted first
information bit sequence (a’) will be referred to as ap;’.

The receiver decodes the part a,;’ and the distorted third parity bit sequence (d’) by
using the third matrix. If the receiver successfully performs decoding, the receiver performs
the procedure B of FIG. 25B. By contrast, if the receiver fails to successfully perform
decoding, the receiver transmits NACK to the transmitter.

The procedure B is performed when decoding is successfully performed by the third
matrix. In this case, the part a,’ is corrected to a part a,;” through decoding in accordance
with error correction characteristic of the LDPC code. Since the part ay;” corresponds to bits
which are successfully decoded, it may be referred to as a known value. On the other hand,
since the part ap;’ corresponds to bits which are not successfully decoded, it may be referred
to as an unknown value. In the procedure B, decoding is again performed for the part (a;’).
However, if decoding is performed for the distorted first information bit sequence (a,’), the
same result is obtained. Accordingly, decoding is performed for the part a,’ corresponding to
the unknown value and the part ay” corresponding to the known value. In short, in the
procedure B, decoding is performed by the second matrix for the part ay’, the part a,;” and
the part d’.

If decoding is successfully performed through the procedure B, the receiver restores
the part a,’. As described above, since the distorted first information bit sequence (a’) can be
divided into the part a,’ and the part a,’, if the receiver restores the part a,’, it can restore the
entire of the distorted first information bit sequence a’. Accordingly, the receiver again
performs the procedure A of FIG. 25A. In other words, decoding is performed by the first

matrix for the information bit sequence restored through the procedure B and the part a;” and
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the part b’ stored in the memory.

If decoding performed through the procedure B is failed, since the receiver cannot
restore the first information bit sequence (a) initially transmitted from the transmitter, the
retransmission procedure is stopped.

Hereinafter, the case where the receiver transmits NACK to the transmitter as
decoding performed by the third matrix is failed will be described with reference to FIG. QSC.

The transmitter encodes the fourth information bit sequence by using the fourth
matrix. The fourth information bit sequence is a part of the first information bit sequence or
the part (ap1). If the part ap; is divided into the part ayi0 and the part ay; depending on a
predetermined rule, the fourth information bit sequence could be the part a,;;. The fourth
matrix consists of a systematic part G and a parity part H which correspond to the fourth
information bit sequence. The transmitter transmits the fourth parity bit sequence (h) encoded
by using the fourth matrix to the receiver. The receiver acquires the distorted fourth parity bit
sequence (h’).

The receiver performs decoding by using the fourth matrix. As described above, the
receiver stores the distorted first information bit sequence (a’) in the separate memory. The
receiver performs decoding through the third part of th¢ distorted first information bit
sequence (a’) and the distorted fourth parity bit sequence (h’). As described above, the
distorted first information bit sequence (a’) is divided into the part a,’ and the other part a;’
depending on a specific rule. Also, the part a,’ can be divided into the part a,p’ and the part
ap1” depending on a predetermined rule. Also, the part a,;’ can be divided into the part a0’
and the part a,;;” depending on a predetermined rule. In this case, the third part of the
distorted first information bit sequence (a’) will be referred to as a,;’.

The receiver decodes the part a,1;° and the distorted fourth parity bit sequence (h’)
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by using the fourth matrix. If the receiver successfully performs decoding, the receiver
performs the procedure B of FIG 25B. By contrast, if the receiver fails to successfully
perform decoding, it is determined that nmormal reception is impossible and thus the
retransmission procedure is stopped.

In FIG. 25A to FIG. 25C, the receiver uses four parity check matrixes. Also, if the
receiver performs decoding by using each of the parity'check matrixes, the receiver performs
decoding by selecting a part of the distorted information bit sequence (a’) which is initially
received. A method of selecting a part of the distorted information bit sequence (a’) depends
on a predetermined rule. The predetermined rule is also used for the method of selecting
information bit sequence used when the parity bit sequence retransmitted from the transmitter
is generated.

Hereinafter, a method of selecting a party of the initially received distorted
information bit sequence (a’) will be described.

FIG. 26 illustrates a method of selecting the information bit sequence used when
encoding and decoding are performed in accordance with the embodiment of the present
invention.

The example of FIG. 26 illustrates distorted information bit sequence of 45 bits
received in the receiver and information bit sequence of 45 bits transmitted from the
transmitter. The receiver can classify the distorted information bit sequence of 45 bits as
shown in FIG. 26A, FIG. 26B, FIG. 26C and FIG. 26D. Also, the transmitter can classify the
information bit sequence of 45 bits as shown in FIG. 26A, FIG. 26B, FIG. 26C and FIG. 26D.
Namely, FIG. 26 illustrates four methods of classifying the information bit sequence of 45
bits transmitted and received between the transmitter and the receiver.

As shown in FIG. 264, if the transmitter transmits the first information bit sequence
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(a) and transmits its parity bit sequence (not shown); the receiver receives the parity bits
sequence to decode the distorted first information bit sequence (a’). After transmitting NACK
as the receiver fails to decode the distorted first information bit sequence (a’), if the
transmitter performs retransmission, the receiver decodes the retransmitted bit and the part ay’
as shown. In other words, the receiver selects the part a,” of the part a’ and decodes the
selected part. Also, after transmitting NACK as the receiver fails to decode the part a’, if the
transmitter performs retransmission, the receiver decodes the retransmitted bits and the part
ap1’. Also, after transmitting NACK as the receiver fails to decode the part ay’, if the
transmitter performs retransmission, the receiver decodes the retransmitted bits and the part
ap11° as shown.

The receiver stores the distorted first information bit sequence (a’) in the memory
provided in the receiver, and accesses the memory when each decoding is performed, to use a
part of the first information bit sequence (a’).

The rule for determining the information bit sequence used for the multi-level
decoding procedure of the receiver is the same as the rule for determining the information bit
sequence used for the multi-level encoding procedure of the transmitter. As shown in FIG. 26,
if the transmitter performs encoding for the second information bit sequence (a,) and
transmits the encoded data, the receiver reads out the part a,’ corresponding to the second
information bit sequence of the part a’ stored in the memory. Also, if the transmitter performs
encoding for the third information bit sequence (ay) and transmits the encoded data, the
receiver reads out the part a,;” corresponding to the third information bit sequence of the part
a’ stored in the memory.

The four methods shown in FIG. 26 can be determined in accordance with the parity

check matrix. In other words, if decoding is performed using the first parity check matrix, the
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distorted information bit is selected in accordance with the method of FIG. 26A to perform
decoding. Also, if decoding is performed using the second parity check matrix, the distorted
information bit is selected in accordance with the method of FIG. 26B to perform decoding.

Although the parity check matrixes used for decoding of the information bit
sequence of FIGs. 26A, 26B, 26C and 26D may be different from one another, since the
transmitter and the receiver know the position of the information bit sequence used for
encoding and decoding, the receiver can perform decoding by using the retransmitted parity
bits even though the transmitter retransmits only the parity bits without retransmitting the
information bit sequence.

FIG. 27 illustrates another example of a method of selecting the information bit
sequence used when encoding and decoding are performed in accordance wifh the
embodiment of the present invention.

FIG. 27 illustrates another example of classifying the information bit sequence of 45
bits into four methods. In other words, if the receiver receives the entire part of 45 bits (a°)
and its corresponding first parity bits (not shown), the receiver decodes the part a’ and the
parity bits and transmits ACK/NACK. If NACK is transmitted, the receiver receives second
parity bits (not shown) generated by the part a, of FIG. 27B and decodes the second parity
bits and the part a,’ of FIG. 27B.

FIG. 28 illustrates another example of a method of selecting the information bit
sequence used when encoding and decoding are performed in accordance with the
embodiment of the present invention.

In accordance with this embodiment, the receiver requests the transmitter of
retransmission, and performs decoding by using information bit sequence different from that

of the related art. Since FIG. 28 to FIG. 30 are only exemplary to describe various methods of
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selecting the information bit sequence in accordance with this erﬁbodiment, the present
invention is not limited to numerical values of FIG. 28 to FIG. 30.

In the examples of FIG. 25A to FIG. 25C, decoding is performed in accordance with
four parity check matrixes. In the examples of FIG. 26 to FIG. 28, the received bit is selected
in accordance with the four parity check matrixes. The four parity check matrixes could be
different parity check matrixes from one another. In other words, even though the features of
the four parity check matrixes are different from one another, the decoding method according
to this embodiment can be used. However, it is preferable that a plurality of parity check
matrixes used in this embodiment correspond to a plurality of coding rates. Referring to the
examples of FIG. 25A to FIG. 25C, decoding is performed using the first matrix to the fourth
matrix. The first matrix corresponds to a specific first coding rate, the second matrix
corresponds to a specific second coding rate, the third matrix corresponds to a specific third
coding rate, and the fourth matrix corresponds to a specific fourth coding rate.

If the first coding rate is the highest, the second coding rate is the second highest, the
third coding rate is the third highest, and the fourth coding rate is the lowest, the decoding
method according to this embodiment can be applied to the IR method.

In other words, the receiver performs decoding, and transmits NACK to the
transmitter if decoding is failed. Afterwards, the transmitter retransmits the parity bits only
without transmitting the information bit sequence. If retransmission is performed, the
transmitter changes the first coding rate (for example, 3/4) to the second coding rate (for
example, 2/3) to allow the receiver to perform decoding well. The receiver performs
decoding by using the second matrix. If decoding is failed, the receiver can transmit NACK
to the transmitter to request encoding of a lower coding rate (the third coding rate or the

fourth coding rate). Also, if decoding is successfully performed as the receiver receives parity
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bits corresponding to the second coding rate, the procedure A of FIG. 25A is performed to
decode the codeword corresponding to the first coding rate. In short, the receiver decodes the
codeword corresponding to the higher coding rate if decoding is successfully performed, and
decodes the codeword corresponding to the lower coding rate if decoding is failed.

The decoding method according to this embodiment can be based on the structured
LDPC code. As described above, the structured LDPC code repfesents the parity check
matrix by using the sub-block of a specific size (for example, z*z). In other words, the parity
check matrix is expanded from a specific model matrix. In this embodiment, various
information bit sequences are selected to perform decoding. If the size (z factor) of the sub-
block is variable, it is advantageous in that decoding can be performed for the information
bits of various sizes.

FIG. 29 illustrates a performance curve which supports various coding rates by using
one mother matrix. As shown in FIG 29, the encoding method according to the present
invention has performance similar to or more excellent than performance the related art
various encoding methods. Considering that the encoding method according to the present
invention uses a smaller memory, it is noted that the present invention shows more excellent
performance than performance of low density parity check code of the existing IEEE 802.16e.

The aforementioned coding rates, the sizes of the matrixes, and weight features are
only exemplary to describe the present invention, and the present invention is not limited to
the aforementioned numerical values. In other words, the above conditions such as the coding
rates may freely be changed.

It will be apparént to those skilled in the art that the present invention can be
embodied in other specific forms without departing from the spirit and essential

characteristics of the invention. Thus, the above embodiments are to be considered in all
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respects as illustrative and not restrictive. The scope of the invention should be determined
by reasonable interpretation of the appended claims and all change which comes within the

equivalent scope of the invention are included in the scope of the invention.

INDUSTRIAL APPLICABILITY

The present invention can be applied to every field where encoding and decoding are
used, as well as a wireless communication system such as a mobile communication system or

a wireless Internet system.
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[CLAIMS]

1. A method of re-transmitting data in a mobile communication system, the method
comprising:

a first step of encoding an information bit sequence by using a first parity check
métrix corresponding to a first coding rate among at least two parity check matrixes
corresponding to different coding rates;

a second step of transmitting a first codeword generated by encoding of the first step
to a receiver;

a third step of receiving a negative reception acknowledgement (NACK) from the
receiver in response to the first codeword,;

a fourth step of encoding at least a part of the information bit sequence by using at
least a part of a second parity check matrix corresponding to a second coding rate among the
at least two parity check matrixes; and

a fifth step of transmitting at least a part of a second codeword generated by

encoding of the fourth step to the receiver.

2. The method of claim 1, wherein the second coding rate is lower than the first

coding rate.

3. The method of claim 1, wherein the second parity check matrix includes the first

parity check matrix.

4. The method of claim 1, wherein the first parity check matrix includes the second
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parity check matrix.

5. The method of claim 1, wherein the part of the second codeword are parity bits of

the second codeword.

6. The method of claim 3, wherein the fourth step includes performing encoding
calculation by using only additional region of the second parity check matrix when compared

with the first parity check matrix.

7. The method of claim 1, wherein each of the at least two parity check matrixes

includes a systematic part and a parity part.

8. The method of claim 1, wherein each of the at least two parity check matrixes

includes a plurality of sub-blocks identified by an index.

9. The method of claim 8, wherein each of the plurality of sub-blocks is generated by

changing a base matrix in accordance with a predetermined rule.

10. The method of claim 9, wherein the index is information which indicates the

predetermined rule.

11. The method of claim 10, wherein, if the first and second parity check matrixes
are in a form of a model matrix, each of the encoding steps includes:

expanding the first or second parity check matrix in accordance with the
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predetermined rule indicated by each index; and

encoding information bits by using the expanded first or second parity check matrix.

12. The method of claim 1, wherein each of the at least two parity check matrixes is

5  apart of a specific mother matrix.

13. The method of claim 12, wherein the parity check matrix corresponding to a
lower coding rate among the at least two parity check matrixes includes the parity check

matrix corresponding to a higher coding rate.

10
14. The method of claim 13, wherein each of the at least two parity check matrixes
includes a systematic part and a parity part.
15. The method of claim 14, wherein the parity part is a lower triangle type.
15

16. The method of claim 15, wherein the model matrix includes a plurality of sub-

blocks identified by corresponding indexes.

17. The method of claim 16, wherein the index of the last sub-block of the first .

20 column of the parity part of the mother matrix is more than ‘0’.

18. The method of claim 1, wherein the part of the information bit sequence is a

region previously set for the information bit sequence.
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19. The method of claim 5, wherein the part of the second parity check matrix

corresponds to the parity bits of the second codeword.

20. A method of retransmitting data in a communication system, the method
comprising:

transmitting a codeword encoded by a ﬁrst parity check matrix corresponding to a
first coding rate, among at least two parity check matrixes corresponding to different coding
rates;

receiving NACK from the receiver in response to the codeword; and

transmitting parity bits encoded by a part of a second parity check matri;(
corresponding to a second coding rate, among the at least two parity check matrixes, to the

receiver.

21. A method of decoding data by LDPC code in a receiver of a communication
system, the method comprising:

receiving a first codeword encoded by a first parity check matrix from a transmitter;

receiving a parity bit sequence of a second codeword encoded by at least a part of a
second parity check matrix from the transmitter; and

decoding a codeword sequence, which is obtained by combiﬂing a part of the first
codeword with the parity bit sequence of the second codeword received from the transmitter,

by using the second parity check matrix.

22. The method of claim 21, further comprising decoding the first codeword by

using the first parity check matrix if decoding is successfully performed by the second parity
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check matrix.

23. The method of claim 21, wherein the first and second parity check matrixes

correspond to a first coding rate and a second coding rate, respectively.

24. Thé method of claim 23, wherein the second coding rate is lower than the first

coding rate.

25. The method of claim 24, wherein the second parity check matrix includes the

10  first parity check matrix.

26. The method of claim 21, wherein each of the first and second parity check

matrixes includes a systematic part and a parity part.

15 27. The method of claim 26, wherein the parity part is a lower triangle type.

28. The method of claim 21, wherein the part of the second parity check matrix is a

part corresponding to the parity bits of the second codeword.
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FIG. 4
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FIG. 10
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FIG. 20
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