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LDPC CODE-BASED COMMUNICATION METHOD AND COMMUNICATION
APPARATUS

TECHNICAL FIELD

[0001] This application relates to the coding field, and more specifically, to an LDPC code—

based communication method and a communication apparatus.

BACKGROUND

[0002] In the field of channel coding, a low-density parity check (low-density parity check,
LDPC) code is one of most mature and widely applied channel coding schemes.

[0003] Currently, considering both a chip area and idle resources, a chip is designed based on
a codeword that supports using a maximum lifting value for decoding. For example, a lifting value
supported by new radio (new radio, NR) ranges from 2 to 384, and the chip is designed based on
the maximum lifting value 384. However, in an actual decoding process, a used lifting value may
be less than the maximum lifting value. In this case, a manner of parallel decoding of a plurality
of quasi-cyclic (quasi-cyclic, QC) blocks may be used. However, an edge relationship of a current
LDPC code is highly random, which may cause a failure in the parallel decoding of the plurality

of QC blocks, and affect decoding performance.

SUMMARY

[0004] This application provides an LDPC code-based communication method and a
communication apparatus, to help improve decoding performance.

[0005] According to a first aspect, an LDPC code—based communication method is provided.
The method may be performed by a transmitter device, or may be performed by a module or a unit
(for example, a chip) in the transmitter device. For ease of description, the following uses the
transmitter device for description. The transmitter device may be a terminal device or a network
device.

[0006] The method includes: obtaining an information bit sequence; performing LDPC



10

15

20

25

30

encoding on the information bit sequence based on an LDPC base matrix to obtain a first LDPC
codeword sequence, where a (gqx(i-1)+1)" row to a (qxi)" row of a first part of the LDPC base
matrix include M; first units, Fi second units, and G; third units; the first part is a matrix region
including a 1% column to an x column of the LDPC base matrix; the first unit is a matrix with q
rows and k columns, and a column weight of each column is 1; the second unit is a matrix with g
rows and k columns, a column weight of at least one column of the second unit is 1, and a column
weight of a remaining column is 0; the third unit is a matrix with g rows and k columns, and a
column weight of each column is O; i and g are positive integers; x and k are integers greater than
or equal to 2; M; is a positive integer; and Fi and Gi are nonnegative integers; and outputting a
second LDPC codeword sequence based on the first LDPC codeword sequence.

[0007] In the foregoing method, none of the column weights of the columns of the first unit,
the second unit, and the third unit is greater than 1. Therefore, a receiver device may perform
parallel decoding of a plurality of QC blocks, for example, parallel decoding of two QC blocks,
on a codeword sequence corresponding to each unit. In addition, a case in which decoding cannot
be performed does not occur. This helps improve decoding performance. In addition, only the
second unit causes a waste of some hardware resources. Therefore, hardware utilization can be
improved.

[0008] With reference to the first aspect, in some implementations, the outputting the second
LDPC codeword sequence based on the first LDPC codeword sequence includes: performing first
interleaving between a part that is in the first LDPC codeword sequence and that corresponds to
an information column of the LDPC base matrix and a part that is in the first LDPC codeword
sequence and that corresponds to a kernel check column of the LDPC base matrix, to obtain the
second LDPC codeword sequence, where the first interleaving is performed at a granularity of
columns whose quantity is a lifting value, and a quantity of second units included in a base matrix
corresponding to the second LDPC codeword sequence is less than a quantity of second units
included in the base matrix corresponding to the first LDPC codeword sequence; and outputting
the second LDPC codeword sequence.

[0009] The first interleaving is performed at the granularity of the columns whose quantity is
the lifting value, that is, the first interleaving is interleaving performed between QC blocks at a
granularity of a QC block. The interleaving performed between QC blocks at a granularity of a
QC block may also be referred to as QC block—level interleaving for short.
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[0010] In the foregoing method, interleaving is performed between the part that is in the first
LDPC codeword sequence and that corresponds to the information column of the LDPC base
matrix and the part that is in the first LDPC codeword sequence and that corresponds to the kernel
check column of the LDPC base matrix at a granularity of a QC block, so that the quantity of
second units can be reduced. Because only the second unit causes the waste of some hardware
resources, the waste of the hardware resources can be further reduced according to the method. In
addition, because the interleaving is performed at a granularity of a QC block, complexity is
extremely low.

[0011] With reference to any one of the first aspect or the implementations of the first aspect,
in some other implementations, when i1 is less than iz, F;, is greater than F;,, F; is a value of
Fi when i=i1, and F;, is a value of Fi when i=iy.

[0012] According to the foregoing method, hardware resource utilization can be improved as
much as possible while no performance loss at code rates is ensured.

[0013] With reference to any one of the first aspect or the implementations of the first aspect,
in some other implementations, a value range of i includes a plurality of consecutive subranges,
same subranges correspond to same Fi, and F; decreases in order of the subranges.

[0014] According to the foregoing method, on a basis of ensuring high decoding efficiency,
edge density of each code rate corresponding to the LDPC base matrix can meet an edge density
evolution requirement, to ensure that a decoding threshold is optimal.

[0015] With reference to any one of the first aspect or the implementations of the first aspect,
in some other implementations, when i is less than a first value, Fi is greater than 0; or when i is
greater than or equal to a first value, Fiis 0.

[0016] According to the foregoing method, as the code rate decreases, the LDPC base matrix
may have greater orthogonality and a greater degree of design freedom without causing a
performance loss. Based on this, Fi may be 0 after the code rate is lower than a specific threshold,
to improve the hardware resource utilization.

[0017] With reference to any one of the first aspect or the implementations of the first aspect,
in some other implementations, when i is less than a second value, F; is 2; when i is greater than
or equal to a second value and less than a third value, Fi is 1; or when i is greater than or equal to
a third value, Fiis 0.

[0018] According to the foregoing method, for an LDPC base matrix that supports a plurality
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of code rate ranges, as a code rate changes, highest hardware utilization that can be achieved by
an LDPC base matrix with an optimal decoding threshold also changes. As a whole, as the code
rate decreases, optimization space is larger. Values of F; segments of the LDPC base matrix are
respectively 2, 1, and 0. This helps achieve highest hardware resource utilization.

[0019] With reference to any one of the first aspect or the implementations of the first aspect,
in some other implementations, the M; first units, the F; second units, and the Gi third units are
included in a non-punctured information column in the 1% column to the x" column of the LDPC
base matrix; the M; first units, the Fi second units, and the G; third units are included in an
information column in the 1% column to the x column of the LDPC base matrix; or the Mi; first
units, the Fi second units, and the G; third units are included in a non-punctured column in the 1%
column to the x™ column of the LDPC base matrix.

[0020] That the M; first units, the Fi second units, and the G; third units are included in the
non-punctured information column in the 1% column to the x™ column of the LDPC base matrix
may be understood as that only the non-punctured information column of the LDPC base matrix
is limited. Because a punctured information column is highly correlated with the decoding
threshold, the decoding threshold is usually preferentially ensured in a design of the punctured
information column. In this way, only the non-punctured information column of the LDPC base
matrix is designed, so that the hardware resource utilization can be improved while the decoding
threshold is ensured.

[0021] That the M; first units, the Fi second units, and the G; third units are included in the
information column in the 1% column to the x™ column of the LDPC base matrix may be understood
as that all information columns of the LDPC base matrix are limited. A punctured information
column and a non-punctured information column are jointly designed, so that more combination
manners can be provided. This helps improve the hardware resource utilization.

[0022] That the M; first units, the Fi second units, and the G; third units are included in the
non-punctured column in the 1% column to the x™ column of the LDPC base matrix may be
understood as that a non-punctured information column and a non-punctured kernel check column
of the LDPC base matrix are limited. The non-punctured information column and the non-
punctured kernel check column of the LDPC base matrix are jointly designed, so that more
combinations can be provided. Although the kernel check column has an encoding structure and
cannot be used to strictly achieve extremely high hardware utilization, the kernel check column
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may be combined with another information column, to help form a group structure with higher
hardware resource utilization.

[0023] With reference to any one of the first aspect or the implementations of the first aspect,
in some other implementations, q=1.

[0024] In the foregoing method, q=1, that is, the first unit, the second unit, and the third unit
each include one row. In this way, the solution of this application is also applicable to a region
with high edge density in the LDPC base matrix. In addition, the first unit, the second unit, and
the third unit included in the LDPC base matrix have a same scale, and the first unit is row-regular
and column-regular. In this case, the LDPC base matrix has a regular structure, and a hardware
decoding architecture can be simplified.

[0025] With reference to any one of the first aspect or the implementations of the first aspect,
in some other implementations, a sum of shifting values of non-zero elements in the first unit is an
integer multiple of the lifting value.

[0026] Inan LDPC code, a cycle includes vertices connected to each other. The cycle uses one
of the vertices as both a start point and an end point, and passes through each node only once. A
short cycle of a node is a shortest path in cycles starting from the node. For example, if starting
from a node, there are cycles whose lengths are respectively 4, 6, and 8, a short cycle of the variable
node is 4. A longer length of a short cycle of a node indicates lower correlation of information sent
from the node to the node, and better decoding performance. The foregoing method helps
implement that the LDPC base matrix has no short cycle with a short length, for example, a short
cycle whose length is 4 and a short cycle whose length is 6. This can ensure that information
transfer correlation of the LDPC code is low, thereby improving the decoding performance.
[0027] With reference to any one of the first aspect or the implementations of the first aspect,
in some other implementations, when the code rate is greater than a first code rate threshold, Fi is
0.

[0028] According to the foregoing method, as the code rate decreases, the LDPC base matrix
may have greater orthogonality and a greater degree of design freedom without causing a
performance loss. Based on this, Fi may be 0 after the code rate is lower than a specific threshold,
to improve the hardware resource utilization.

[0029] With reference to any one of the first aspect or the implementations of the first aspect,
in some other implementations, the first code rate threshold is any one of the following code rates:
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0.926, 22 22 or 22
24

25’ 26
[0030] The first code rate threshold may be a highest code rate defined in a modulation and

48

coding scheme (Modulation and Coding Scheme, MCS) table, for example, ﬁz 0.926.

Alternatively, the first code rate threshold may be an existing code rate of an existing base matrix,

22 22 22 . . . . .
for example, 2 720 O 3¢ of a BG 1. In this way, a range in which a group structure is used in

the LDPC base matrix may match the existing code rate. For example, the group structure in this

embodiment of this application is used in a range in which the code rate is less than %

[0031] With reference to any one of the first aspect or the implementations of the first aspect,
in some other implementations, columns of a third subpart of the first part include a plurality of
groups, a symmetric difference between non-zero elements of any two columns in each group is 0
or 1, each group includes at most one second unit, the third subpart is a matrix region including a
1% row to a u™ row and a 1% column to an x™ column of the first part, and u is an integer greater
than or equal to 1.

[0032] According to the foregoing method, the hardware resource utilization can be improved
while an optimal decoding threshold is ensured.

[0033] With reference to any one of the first aspect or the implementations of the first aspect,
in some other implementations, the LDPC base matrix includes a punctured column, and a group
including the punctured column includes the second unit.

[0034] The foregoing method helps ensure successful decoding of the punctured column.
[0035] With reference to any one of the first aspect or the implementations of the first aspect,
in some other implementations, the LDPC base matrix includes a punctured column, and at most
one of the F; second units includes the punctured column.

[0036] According to the foregoing method, when the LDPC base matrix has the punctured
column, the hardware resource utilization can be improved while the optimal decoding threshold
is ensured.

[0037] With reference to any one of the first aspect or the implementations of the first aspect,
in some other implementations, columns of a second subpart of the first part include a plurality of
groups, a symmetric difference between non-zero elements of any two columns in each group is 0
or 1, each group includes at most one second unit, the second subpart is a matrix region including

the 1% row to the u' row and the 1 column to a y™ column of the first part, u is an integer greater
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than or equal to 1, and y is less than x.

[0038] According to the foregoing method, the hardware resource utilization can be improved
while the optimal decoding threshold is ensured.

[0039] With reference to any one of the first aspect or the implementations of the first aspect,
in some other implementations, a matrix region corresponding to a non-punctured information
column of the LDPC base matrix does not include the second unit.

[0040] According to the foregoing method, the quantity of second units may be small. This
helps improve the hardware resource utilization.

[0041] With reference to any one of the first aspect or the implementations of the first aspect,
in some other implementations, the first part includes a first subpart, the first subpart is a matrix
region including the 1 row to the u" row and a (y+1)™ column to the x' column of the first part,
u is an integer greater than or equal to 1, u-1=x-y-1, and y is less than x; and diagonal elements
in the first subpart are all non-zero elements, the first subpart includes N blocks, the block is a
square matrix, the N blocks include all of the diagonal elements in the first subpart, a diagonal
element in each of the N blocks overlaps the diagonal element in the first subpart, the blocks do
not overlap, a part or all of the N blocks include a plurality of rows, and non-zero elements in at
least two of the plurality of rows have a proper inclusion relationship.

[0042] According to the foregoing method, when a kernel check region has an encoding
structure, the hardware resource utilization can be improved while the optimal decoding threshold
IS ensured.

[0043] With reference to any one of the first aspect or the implementations of the first aspect,
in some other implementations, the N blocks include N1 first blocks and one second block, a size
of the first block is kxk, a size of the second block is k' x k', N1 is a positive integer, N2 is a
nonnegative integer, and k' is less than k.

[0044] With reference to any one of the first aspect or the implementations of the first aspect,
in some other implementations, each element other than the N blocks in the first subpart is a zero
element.

[0045] According to the foregoing method, a quantity of non-zero elements in the first subpart
can be minimized, to achieve lowest hardware complexity.

[0046] With reference to any one of the first aspect or the implementations of the first aspect,
in some other implementations, the first part includes the first subpart, the first subpart is the matrix
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region including the 1% row to the u™ row and the (y+1)™" column to the x™" column of the first part,
u is an integer greater than or equal to 1, u-1=x-y-1, and y is less than x.
[0047] When u-1=x-y-1=3, locations of zero elements and the non-zero elements in the first

subpart are shown in any one of the following matrices:

1 10
0 1 O0f
0 0 1

when u-1=x-y-1=4, locations of zero elements and the non-zero elements in the first

subpart are shown in either of the following matrices:
0jr1 1.1 0

0] (0 1 1 0]

1‘ , [0 0 1 ol and/or
11l o o0 1

=x-y-1=5, locations of zero elements and the non-zero elements in the first

o RO O

11
0 1
0 0
0 0

[REN

when u-

subpart are shown in any one of the following matrices:

1 1.0 0 01 1 1 0 0 1 1 1 10
0 1 0 0 0} [O 1 1 0 O 0 1 1 1 0}
0 01 1 0,0 01 0 Of,orj0O 0O 1 1 O}
0 0 0 1 OJ lO 0 0 1 1 0 0 0 1 OJ
0 000 140 0 0 0 1 0 0 0 0 1
[0048] In the foregoing matrices, "1" represents a non-zero element, and "0" represents a non-

zero element.

[0049] With reference to any one of the first aspect or the implementations of the first aspect,
in some other implementations, q=Kk.

[0050] With reference to any one of the first aspect or the implementations of the first aspect,
in some other implementations, a row weight of each row of the first unit is 1.

[0051] According to the foregoing method, the first unit, the second unit, and the third unit
included in the LDPC base matrix have a same scale, and the first unit is row-regular and column-
regular. In this case, the LDPC base matrix has a regular structure, and a hardware decoding
architecture can be simplified.

[0052] With reference to any one of the first aspect or the implementations of the first aspect,
in some other implementations, each first unit is obtained through permutation of a sequence 0 (01,
02, ..., Ba, ..., O) Whose length is k, the a" element 0, of 0 represents that an element in an a™ row
and a (82)™" column of the first unit is a non-zero element, and a is an integer greater than 0 and

less than or equal to k.
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[0053] In the foregoing method, each first unit may be obtained in a permutation manner. This
brings a simple implementation.

[0054] With reference to any one of the first aspect or the implementations of the first aspect,
in some other implementations, 6:=atb(mod k), or 0.=k+1-a+b(mod k), where b is a constant.
[0055] The foregoing method helps implement that the LDPC base matrix has no short cycle
with a short length, for example, a short cycle whose length is 4 and a short cycle whose length is
6. This can ensure that information transfer correlation of the LDPC code is low, thereby improving
the decoding performance.

[0056] With reference to any one of the first aspect or the implementations of the first aspect,
in some other implementations, shifting values of non-zero elements in the first unit are the same;
remainders of any two non-zero elements in the first unit relative to the lifting value are the same;
or a sum of shifting values of non-zero elements in the first unit is an integer multiple of the lifting
value.

[0057] The foregoing method helps implement that the LDPC base matrix has no short cycle
with a short length, for example, a short cycle whose length is 4 and a short cycle whose length is
6. This can ensure that information transfer correlation of the LDPC code is low, thereby improving
the decoding performance.

[0058] With reference to any one of the first aspect or the implementations of the first aspect,
in some other implementations, each first unit includes K segments, the K segments are divided
by column, an intersection set of any two of the K segments is empty, a union set of the K segments
is the first unit, K is greater than or equal to 2, and a ¢ segment of the K segments is obtained
through permutation of a sequence 6¢ (6%, 65, ..., 05, ..., 8%c) whose length is |K€|, where the
a™ element 85 of B¢ represents that an element in an a™ row and a (8$)" column of the c™
segment is a non-zero element, |K¢| is a quantity of columns of the ¢! segment, c is an integer
greater than 0 and less than or equal to K, and a is an integer greater than 0 and less than or equal
to K€

[0059] The foregoing method provides a base graph structure that is easy for a design of a
hardware quasi-cyclic low density parity check (quasi-cyclic low density parity check, QC-LDPC)
rotation network.

[0060] With reference to any one of the first aspect or the implementations of the first aspect,
in some other implementations, 65 = a + b°(mod|K€|), or 65 = |K¢| + 1 — a + b¢(mod|K€|),
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where b€ is a constant corresponding to the ¢ segment.

[0061] The foregoing method provides a shifting value design scheme corresponding to the
segment permutation manner of the first unit of the LDPC base matrix, to jointly support QC-
LDPC.

[0062] With reference to any one of the first aspect or the implementations of the first aspect,
in some other implementations, each first unit includes K segments, the K segments are divided
by column, an intersection set of any two of the K segments is empty, a union set of the K segments
is the first unit, K is greater than or equal to 2, and shifting values of non-zero elements of the
segments are the same; or remainders of any two non-zero elements of the segments relative to the
lifting value are the same; or a sum of shifting values of non-zero elements of the segments is an
integer multiple of the lifting value.

[0063] The foregoing method helps avoid short cycles with a short length in the LDPC base
matrix, for example, a short cycle whose length is 4 and a short cycle whose length is 6, thereby
improving the decoding performance of the LDPC code and reducing an error floor.

[0064] With reference to any one of the first aspect or the implementations of the first aspect,

in some other implementations, when g=k=2, locations of zero elements and the non-zero elements
: . : . . ..o 0 1 .
in the first unit are shown in either of the following matrices: [O 1] or [1 O]’ where in the

matrices, "1" represents a non-zero element, and "0" represents a non-zero element.
[0065] With reference to any one of the first aspect or the implementations of the first aspect,
in some other implementations, when g=k=3, locations of zero elements and the non-zero elements
in the first unit are shown in any one of the following matrices:

1 0 0] 1 0 0] [0 1 0] [0 1 0] [0 0 1 0 0 1

0 1 0,0 0o 1|,|1 0 oOf |0 O 1f, |1 O Ofor (0O 1 O

0 0o 11 o 1 00 1o 0 21411 0 oll0o 1 O 1 0 0

[0066] In the matrices, "1" represents a non-zero element, and "0" represents a non-zero

element.

[0067] With reference to any one of the first aspect or the implementations of the first aspect,
in some other implementations, when g=k=4, locations of zero elements and the non-zero elements
in the first unit are shown in any one of the following matrices:

1 0 0 O 1 0 0 O 1 0 0

SO O
S OO -
= oo o
S O O
oSO RO O
S OO -
oSO RO o
oo O
(=N S ]

0 1 0 0 0 1 0 O 0 0 0
0 01 0”0 0 O 11" 0 1 o’
0 0 01 0 01 O 0 0 1

10



10

15

20

1 0 0 O 0 1 0 O 0 1 0 0 0 1 0 O 0 1 0 0

0 0 0 1 1 0 0 O 1 0 0 O 0 0 1 0 0 0 1 0

o 0 1. 0" |O O 1T Ofp” (OO 1T O JOO O 1] |1 0 0 Of"
0 1 0 O 0 0 0 1 0 0 0 1 L1 0 0 O 0 0 0 1
0 1 0 O 0 1 0 O 0 0 1 0 0 0 1 0 0 0 1 0

0 0 0 1 0 0 0 1 1 0 0 O 1 0 0 O 0 1 0 O

i1 0 0 O (O O1 0" |O1T O O™ O OO 1f" JO 0 0 1}
0 0 1 O L1 0 0 O 0 0 0 1 0 1 0 O L1 0 0 O
0 0 1 0 0 0 1 0 0 0 1 0 0 0 0 17 0 0 0 17

0 1 0 O 0 0 0 1 0 0 0 1 1 0 0 O 1 0 0 O

1 0 0 O (. 0 O O |JO1 O O (O1T O Of" JjJ0O O 1 0"
0 0 0 1 0 1 0 O 1 0 0 O L0 0 1 O 0 1 0 O
0 0 0 13 0 0 0 11 10 O O 1 0 0 0 1

0O 1.0 OO0 1 0 OfJ|j0 0 1 O or 0 0 1 0

0O 0 1 Ooff1 O O Of1Jj0 1 0 Oy 1 0 0 Of

1 0 0 o4O 0O 1 0ol t1 0 O0 O 0 1 0 O

[0068] In the foregoing matrices, "1" represents a non-zero element, and "0" represents a non-

zero element.

[0069] With reference to any one of the first aspect or the implementations of the first aspect,
in some other implementations, the LDPC base matrix is obtained based on an indicator matrix,
one element in the indicator matrix corresponds to one element in the first unit, the second unit, or
the third unit, and a value of the element in the indicator matrix indicates locations/a location of a
zero element and/or a non-zero element that are/is in the first unit, the second unit, or the third unit
and that correspond/corresponds to the element.

[0070] In other words, the LDPC base matrix may be represented by a smaller indicator matrix.
This helps reduce storage content of the device.

[0071] With reference to any one of the first aspect or the implementations of the first aspect,
in some other implementations, a row number of a row in a matrix region including the first unit,
the second unit, and the third unit is greater than a row number of a row in a matrix region
corresponding to a first code rate, and the first code rate is greater than a code rate threshold.
[0072] Because a kernel matrix of the LDPC base matrix has high edge density, a group
structure that can be used generally needs to be limited to g=1. In other words, if a first region
includes the kernel matrix, a group structure that can be used in the first region generally needs to
be limited to g=1. As a row number increases, edge density of the LDPC base matrix decreases.
Therefore, if a group structure is used only in a range (for example, an extension region) in which

a row number is greater than a row number threshold, compatibility with more types of group
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structures may be implemented, and the group structure is not limited to a group structure in which
g=1. Therefore, the design is more flexible.

[0073] With reference to any one of the first aspect or the implementations of the first aspect,
in some other implementations, Fi is related to at least one of the following information: code rates
corresponding to the (gx(i-1)+1)™ row to the (qxi)™ row, row weights of the (gx(i-1)+1)"" row to
the (qxi)™ row, or locations/a location of a zero element and/or a non-zero element in the (gqx(i-
1)+1)™ row to the (gxi)" row of the punctured column of the LDPC base matrix.

[0074] With reference to any one of the first aspect or the implementations of the first aspect,
in some other implementations, the row weights of the (gx(i—1)+1)"" row to the (gxi)" row include
at least one of the following information: row weights of the (qx(i-1)+1)™ row to the (gxi)"" row
in which a punctured column included in the LDPC base matrix is included; row weights of the
(gx(i-1)+1)" row to the (gxi)" row in which a punctured column included in the LDPC base matrix
is not included; or row weights of the (gqx(i—1)+1)"" row to the (qxi)™" row when the LDPC base
matrix includes no punctured column.

[0075] According to a second aspect, an LDPC code-based communication method is
provided. The method may be performed by a receiver device, or may be performed by a module
or a unit (for example, a chip) in the receiver device. For ease of description, the following uses
the receiver device for description. The receiver device may be a terminal device or a network
device.

[0076] The method includes: receiving a second LDPC codeword sequence; and decoding the
second LDPC codeword sequence based on an LDPC base matrix, where a (gx(i-1)+1)"" row to a
(gxi)™ row of a first part of the LDPC base matrix include M; first units, Fi second units, and Gi
third units; the first part is a matrix region including a 1% column to an x™ column of the LDPC
base matrix; the first unit is a matrix with g rows and k columns, and a column weight of each
column is 1; the second unit is a matrix with g rows and k columns, a column weight of at least
one column of the second unit is 1, and a column weight of a remaining column is 0; the third unit
is a matrix with q rows and k columns, and a column weight of each column is O; i and q are
positive integers; x and k are integers greater than or equal to 2; M is a positive integer; and F; and
Gi are nonnegative integers.

[0077] In the foregoing method, none of the column weights of the columns of the first unit,
the second unit, and the third unit is greater than 1. Therefore, the receiver device may perform

12



10

15

20

25

30

parallel decoding of a plurality of QC blocks, for example, parallel decoding of two QC blocks,
on a codeword sequence corresponding to each unit. In addition, a case in which decoding cannot
be performed does not occur. This helps improve decoding performance. In addition, only the
second unit causes a waste of some hardware resources. Therefore, hardware utilization can be
improved.

[0078] With reference to the second aspect, in some implementations, the decoding the second
LDPC codeword sequence based on the LDPC base matrix includes: performing first column
transformation between an information column and a kernel check column of the LDPC base
matrix, where the first column transformation is performed at a granularity of columns whose
quantity is a lifting value, and a quantity of second units included in an LDPC base matrix obtained
through the first column transformation is less than a quantity of second units included in the
LDPC base matrix on which no first column transformation is performed; and decoding the second
LDPC codeword sequence based on the LDPC base matrix obtained through the first column
transformation.

[0079] The first column transformation is performed at the granularity of the columns whose
quantity is the lifting value, that is, the first column transformation is column transformation
performed between QC blocks at a granularity of a QC block. The column transformation
performed between QC blocks at a granularity of a QC block may also be referred to as QC block—
level column transformation for short. The waste of the hardware resources can be further reduced
according to the method. In addition, because the first column transformation is performed at a
granularity of a QC block, complexity is extremely low.

[0080] With reference to any one of the second aspect or the implementations of the second
aspect, in some other implementations, the decoding the second LDPC codeword sequence based
on the LDPC base matrix includes: performing first de-interleaving on the second LDPC codeword
sequence, where the first de-interleaving is performed at a granularity of columns whose quantity
is a lifting value, to obtain a first LDPC codeword sequence; and decoding the first LDPC
codeword sequence based on the LDPC base matrix. The first de-interleaving is performed at the
granularity of the columns whose quantity is the lifting value, that is, the first de-interleaving is
de-interleaving performed between QC blocks at a granularity of a QC block. The de-interleaving
performed between QC blocks at a granularity of a QC block may also be referred to as QC block—
level de-interleaving for short.
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[0081] With reference to any one of the second aspect or the implementations of the second
aspect, in some other implementations, the decoding the second LDPC codeword sequence based
on the LDPC base matrix includes: using a same storage unit and computing unit to perform
parallel decoding on elements that are in the second LDPC codeword sequence and that correspond
to those in the first unit, the second unit, or the third unit, where the storage unit and the computing
unit are a storage unit and a computing unit of one QC block.

[0082] In the foregoing method, the same storage unit and computing unit may be used to
perform parallel decoding on a plurality of elements in the first unit, the second unit, or the third
unit, and there is no need to process another element after one element is processed. Therefore, a
delay of processing the plurality of elements is consistent with a delay of processing one element
separately. This helps improve the decoding performance.

[0083] For terms or features in the second aspect or the implementations of the second aspect
that are the same as those in the first aspect or the implementations of the first aspect, refer to the
first aspect or the implementations of the first aspect. For technical effects thereof, refer to the
technical effects of the first aspect or the implementations of the first aspect. Details are not
described in the second aspect again.

[0084] According to a third aspect, a communication apparatus is provided. The apparatus is
configured to perform the method provided in any one of the foregoing aspects or the
implementations of the foregoing aspects. Specifically, the apparatus may include a unit and/or a
module configured to perform the method provided in any one of the foregoing aspects or the
implementations of the foregoing aspects, for example, a processing unit and/or a transceiver unit.
[0085] In an implementation, the apparatus is a transmitter device or a receiver device. When
the apparatus is the transmitter device or the receiver device, the transceiver unit may be a
transceiver, an input/output interface, or a communication interface; and the processing unit may
be at least one processor. Optionally, the transceiver is a transceiver circuit. Optionally, the
input/output interface is an input/output circuit.

[0086] In another implementation, the apparatus is a chip, a chip system, or a circuit used in
the transmitter device or the receiver device. When the apparatus is the chip, the chip system, or
the circuit used in the transmitter device or the receiver device, the transceiver unit may be an
input/output interface, an interface circuit, an output circuit, an input circuit, a pin, a related circuit,
or the like on the chip, the chip system, or the circuit; and the processing unit may be at least one
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processor, a processing circuit, a logic circuit, or the like.

[0087] According to a fourth aspect, a communication apparatus is provided. The apparatus
includes: a storage, configured to store a program; and at least one processor, configured to execute
the computer program or instructions stored in the storage, to perform the method provided in any
one of the foregoing aspects or the implementations of the foregoing aspects.

[0088] In an implementation, the apparatus is a transmitter device or a receiver device.
[0089] In another implementation, the apparatus is a chip, a chip system, or a circuit used in
the transmitter device or the receiver device.

[0090] According to a fifth aspect, a communication apparatus is provided. The apparatus
includes at least one processor and a communication interface. The at least one processor is
configured to obtain, through the communication interface, a computer program or instructions
stored in a storage, to perform the method provided in any one of the foregoing aspects or the
implementations of the foregoing aspects. The communication interface may be implemented by
hardware or software.

[0091] In an implementation, the apparatus further includes the storage.

[0092] According to a sixth aspect, a processor is provided, and is configured to perform the
methods provided in the foregoing aspects.

[0093] Operations such as sending and obtaining/receiving related to the processor may be
understood as operations such as outputting and receiving or inputting of the processor, or may be
understood as operations such as sending and receiving performed by a radio frequency circuit and
an antenna, unless otherwise specified, or provided that the operations do not contradict actual
functions or internal logic of the operations in related descriptions. This is not limited in this
application.

[0094] According to a seventh aspect, a computer-readable storage medium is provided. The
computer-readable medium stores program code to be executed by a device. The program code is
used to perform the method provided in any one of the foregoing aspects or the implementations
of the foregoing aspects.

[0095] According to an eighth aspect, a computer program product including instructions is
provided. When the computer program product runs on a computer, the computer is enabled to
perform the method provided in any one of the foregoing aspects or the implementations of the
foregoing aspects.

15



10

15

20

25

[0096] According to a ninth aspect, a chip is provided. The chip includes a processor and a
communication interface. The processor reads, through the communication interface, instructions
stored in a storage, to perform the method provided in any one of the foregoing aspects or the
implementations of the foregoing aspects. The communication interface may be implemented by
hardware or software.

[0097] Optionally, in an implementation, the chip further includes the storage. The storage
stores a computer program or the instructions. The processor is configured to execute the computer
program or the instructions stored in the storage. When the computer program or the instructions
are executed, the processor is configured to perform the method provided in any one of the
foregoing aspects or the implementations of the foregoing aspects.

[0098] When the method provided in this application is performed by the chip, a quantity of
chips that specifically implement the method in this application is not limited in this application.
For example, the method may be performed by one chip, or may be performed by two or more
chips. In addition, when there are two or more chips that implement the method in this application,
a chip vendor is not limited. The chips may be from a same vendor or from different vendors.
[0099] According to a tenth aspect, a communication system is provided, and includes at least
one of the transmitter device or the receiver device described above.

[00100] According to an eleventh aspect, a computer program is provided. When the computer
program is run on a computer, the method provided in any one of the foregoing aspects or the

implementations of the foregoing aspects is performed.

BRIEF DESCRIPTION OF DRAWINGS

[00101] FIG. 1 is a diagram of a network architecture to which an embodiment of this
application may be applied,;

[00102] FIG. 2 is a diagram of an LDPC check matrix H;

[00103] FIG. 3 is a Tanner (Tanner) graph of an LDPC check matrix H;

[00104] FIG. 4 is a diagram of a structure of a check matrix;

[00105] FIG. 5 shows an example of a column-irregular group structure and a column-regular
group structure;

[00106] FIG. 6 shows an example of a row-irregular group structure and a row-regular group
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structure;

[00107] FIG. 7 is a diagram of a matrix using a group structure 1 in which k=2;

[00108] FIG. 8 is a diagram of a matrix using a group structure 2 in which k=2;

[00109] FIG. 9 is a diagram of an information transmission procedure;

[00110] FIG. 10isaschematic flowchart of an LDPC code—based communication method 1000
according to this application;

[00111] FIG. 11 is a diagram of hardware decoding architectures corresponding to a group
structure 1 and a group structure 2;

[00112] FIG. 12 is a diagram of an encoding chain according to this application;

[00113] FIG. 13 is a diagram of interleaving between QC blocks that is performed between an
information column and a kernel check column;

[00114] FIG. 14 shows an example of grouping kernel columns;

[00115] FIG. 15 is a diagram of dividing a part B into blocks;

[00116] FIG. 16 is a line graph of a quantity change of column-irregular group structures at
different code rates;

[00117] FIG. 17 shows simulation results of quantities of equivalently decoded QC blocks of
LDPC codes at different code rates;

[00118] FIG. 18 shows simulation results of signal-to-noise ratios (signal-noise ratios, SNRs)
of LDPC codes at different code rates;

[00119] FIG. 19 shows simulation results 1 of signal-to-noise ratios of LDPC codes with
different code lengths at different code rates;

[00120] FIG. 20 shows simulation results 2 of signal-to-noise ratios of LDPC codes with
different code lengths at different code rates;

[00121] FIG. 21 shows simulation results 3 of signal-to-noise ratios of LDPC codes with
different code lengths at different code rates;

[00122] FIG. 22 is a diagram of a structure of an apparatus according to an embodiment of this
application;

[00123] FIG. 23 is a diagram of another structure of an apparatus according to an embodiment
of this application; and

[00124] FIG. 24 is a diagram of a chip system according to an embodiment of this application.
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DESCRIPTION OF EMBODIMENTS

[00125] For ease of understanding embodiments of this application, before embodiments of this
application are described, the following descriptions are first provided.

[00126] “Indicating” or "indicate” may include direct indicating and indirect indicating, or
"indicating"” or "indicate” may be explicitly and/or implicitly indicating. Various numbers such as
first and second are merely used for differentiation for ease of description, and are not used to limit
the scope of embodiments of this application, for example, to distinguish between different
messages and different information. "Predefinition” may be implemented by pre-storing
corresponding code or a corresponding table in a device, or may be implemented in another manner
that may indicate related information. A specific implementation of the predefinition is not limited
in this application. A related "protocol™ may be a standard protocol in the communication field, for
example, may include a long term evolution (long term evolution, LTE) protocol, an NR protocol,
and a related protocol applied to a future communication system. This is not limited in this
application. The words such as "for example", "example"”, and "in an (another) example" are used
to represent giving an example, an illustration, or a description. Any embodiment or design scheme
described as an "example" in this application should not be explained as being more preferred or
having more advantages than another embodiment or design scheme. The terms “include”, "have",
and their variants all mean "including but not limited to", unless otherwise specifically emphasized
in another manner. "At least one™” means one or more, and "a plurality of" means two or more. "At
most one™ means one or zero. The term "and/or" describes an association relationship between
associated objects, and represents that three relationships may exist. For example, A and/or B may
represent the following cases: Only A exists, both A and B exist, and only B exists, where A and B
may be singular or plural. The character "/" generally indicates an "or" relationship between the
associated objects. "At least one of the following items (pieces)" or a similar expression thereof
indicates any combination of these items, including a single item (piece) or any combination of a
plurality of items (pieces). For example, at least one of a, b, and ¢ may indicate a, b, c,aand b, a
and ¢, b and c, or a, b, and c. Each of a, b, and ¢ may be singular or plural. Related descriptions
about sending a message, information, or data by a network element A to a network element B,
and receiving, by the network element B, the message, the information, or the data from the

network element A are intended to describe a network element to which the message, the
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information, or the data is to be sent. Whether the message, the information, or the data is directly
sent or indirectly sent via another network element is not limited. Descriptions such as "when...",
"in a case of...", and "if" all mean that a device performs corresponding processing in an objective
case, are not intended to limit time, do not require a determining action during implementation of
the device, and do not mean that there is another limitation.

[00127] Inaddition, a network architecture and a service scenario described in embodiments of
this application are intended to describe the technical solutions in embodiments of this application
more clearly, and do not constitute a limitation on the technical solutions provided in embodiments
of this application. A person of ordinary skill in the art may know that with evolution of the network
architecture and emergence of a new service scenario, the technical solutions provided in
embodiments of this application are also applicable to similar technical problems.

[00128] The following describes a communication system to which embodiments of this
application may be applied.

[00129] Embodiments of this application may be applied to various communication systems,
including but not limited to a 5th generation (5th generation, 5G) system, an NR system, an LTE
system, a long term evolution-advanced (long term evolution-advanced, LTE-A) system, an LTE
frequency division duplex (frequency division duplex, FDD) system, an LTE time division duplex
(time division duplex, TDD) system, and the like. Embodiments of this application may be further
applied to a future communication system, for example, a 6th generation mobile communication
system. In addition, embodiments of this application may be further applied to device-to-device
(device-to-device, D2D) communication, vehicle-to-everything (vehicle-to-everything, V2X)
communication, machine-to-machine (machine-to-machine, M2M) communication, machine type
communication (machine type communication, MTC), an internet of things (internet of things, 10T)
communication system, or another communication system. In addition, embodiments of this
application may be further extended to similar wireless communication systems, for example,
communication systems related to wireless fidelity (wireless fidelity, Wi-Fi), worldwide
interoperability for microwave access (worldwide interoperability for microwave access,
WIMAX), and a 3rd generation partnership project (3rd generation partnership project, 3GPP).
This is not limited.

[00130] The communication system applicable to embodiments of this application may include
one or more transmitter devices and one or more receiver devices. Optionally, one of the
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transmitter device and the receiver device may be a terminal device, and the other may be a
network device. Optionally, both the transmitter device and the receiver device may be terminal
devices. Optionally, both the transmitter device and the receiver device may be network devices.
[00131] Forexample, FIG. 1 is a diagram of a network architecture to which an embodiment of
this application is applicable.

[00132] Asshown in FIG. 1, embodiments of this application are applicable to both uplink data
transmission and downlink data transmission. In FIG. 1, only uplink data transmission or downlink
data transmission between one network device and two terminal devices (for example, a terminal
device 1 and a terminal device 2) is used as an example. In the uplink data transmission, in this
specification, a transmitter device is the terminal device, and a receiver device is the network
device. On the contrary, in the downlink data transmission, a transmitter device is the network
device, and a receiver device is the terminal device. In addition, applicability of embodiments of
this application in another communication scenario is not limited. For example, embodiments of
this application may also be applied to sidelink communication.

[00133] The terminal device in this application may also be referred to as user equipment (user
equipment, UE), an access terminal, a subscriber unit, a subscriber station, a mobile station, a
mobile terminal (mobile terminal, MT), a remote station, a remote terminal, a mobile device, a
user terminal, a terminal, an uncrewed aerial vehicle, a wireless communication device, a user
agent, a user apparatus, or the like. The terminal device in embodiments of this application may
be a device that provides voice and/or data connectivity for a user, and may be configured to
connect a person, an object, and a machine, for example, a handheld device or a vehicle-mounted
device having a wireless connection function. The terminal device in embodiments of this
application may be a mobile phone (mobile phone), a pad (pad), a notebook computer, a palmtop
computer, a mobile internet device (mobile internet device, MID), a wearable device, a virtual
reality (virtual reality, VR) device, an augmented reality (augmented reality, AR) device, a wireless
terminal in industrial control (industrial control), a wireless terminal in self-driving (self-driving),
a wireless terminal in remote medical surgery (remote medical surgery), a wireless terminal in a
smart grid (smart grid), a wireless terminal in transportation safety (transportation safety), a
wireless terminal in a smart city (smart city), a wireless terminal in a smart home (smart home), or
the like.

[00134] The network device in this application may be a device having a wireless transceiver
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function. The network device may be a device that provides a wireless communication function
service, is usually located on a network side, and includes but is not limited to a next generation
NodeB (gNodeB, gNB) in a 5G system, a base station in a 6th generation mobile communication
system, a base station in a future mobile communication system, an access node in a wireless
fidelity (wireless fidelity, Wi-Fi) system, an evolved NodeB (evolved NodeB, eNB) in a long term
evolution (long term evolution, LTE) system, a radio network controller (radio network controller,
RNC), a NodeB (NodeB, NB), a base station controller (base station controller, BSC), a home base
station (for example, a home evolved NodeB, or a home NodeB, HNB), a baseband unit (baseband
unit, BBU), a transmission reception point (transmission reception point, TRP), a transmission
point (transmission point, TP), a base transceiver station (base transceiver station, BTS), a satellite,
an uncrewed aerial vehicle, and the like. In a network structure, the network device may include a
central unit (central unit, CU) node or a distributed unit (distributed unit, DU) node; or may be a
RAN device including a CU node and a DU node, or a RAN device including a CU-control plane
node, a CU-user plane node, and a DU node. Alternatively, the network device may be a radio
controller, a relay station, a vehicle-mounted device, a wearable device, or the like in a cloud radio
access network (cloud radio access network, CRAN) scenario. In addition, the base station may
be a macro base station, a micro base station, a relay node, a donor node, or a combination thereof.
The base station may alternatively be a communication module, a modem, or a chip disposed in
the foregoing device or apparatus. The base station may alternatively be a mobile switching center,
a device that bears a base station function in D2D, V2X, and M2M communication, a network side
device in a 6G network, a device that bears a base station function in a future communication
system, or the like. The base station can support networks using a same access technology or
different access technologies. This is not limited.

[00135] Unless otherwise specified, in this application, an apparatus configured to implement
a function of the terminal device or the network device may be the terminal device or the network
device, or may be an apparatus that can support the terminal device or the network device in
implementing the function, for example, a chip system or a chip. Specifically, the apparatus is a
system on a chip (system on a chip, SoC) or a modem (Modem). The apparatus may be installed
in the terminal device or the network device. In embodiments of this application, the chip system
may include a chip, or may include a chip and another discrete device.

[00136] It should be further noted that in some embodiments of this specification, a 5G system
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is used as an example to describe specific details of solutions. It may be understood that when the
solutions are applied to another communication system, for example, an LTE system or a future
communication system, messages, channels, information, or the like in the solutions may be
replaced with messages, channels, information, or the like that can be used to implement
corresponding functions in the another communication system. This is not limited in this
application.

[00137] For ease of understanding embodiments of this application, several concepts or terms
in embodiments of this application are briefly described. The concepts or the terms described
below are described based on concepts or terms specified in a protocol. However, this does not
mean that embodiments of this application can be applied only to a current existing system, and
the concepts or the terms in embodiments of this application can be applied to a future system. In
addition, specific names of the concepts or the terms (for example, concepts or terms related to
functional descriptions) may be adjusted with development of the future system.

[00138] 1.LDPC code

[00139] The LDPC code is a linear block code, and a check matrix of the LDPC code is a sparse
matrix. In the LDPC check matrix, a quantity of zero elements is far greater than a quantity of non-
zero elements. In other words, a row weight and a column weight of the check matrix are much
less than an LDPC code length. An LDPC code whose information bit sequence length is equal to
w and whose code length is equal to v may be uniquely determined based on a check matrix of the
LDPC code.

[00140] In 1981, Tanner represented an LDPC codeword in a graph. This graph now is referred
to as a Tanner graph, and the Tanner graph and the check matrix are in one-to-one correspondence.
The Tanner graph includes two types of vertices. One type of vertex represents a codeword bit and
is referred to as a variable node. The other type of vertex is a check node and represents a check
constraint relationship. Each check node represents one check constraint relationship. The
following provides descriptions with reference to FIG. 2 and FIG. 3.

[00141] FIG. 2 is adiagram of an LDPC check matrix H.

[00142] InFIG. 2, {Vi} represents a variable node (variable node, VN) set, and {Ci} represents
a check node (check node, CN) set. In the check matrix H, each row represents one check equation,
each check equation corresponds to one check node, each column represents one codeword bit,
and each codeword bit corresponds to one variable node. In FIG. 2, there are eight variable nodes
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and four check nodes. If a codeword bit is included in a corresponding check equation, a related
variable node and check node are connected by using a connection line, to obtain a Tanner graph.
[00143] FIG. 3 is a Tanner graph of an LDPC check matrix H.

[00144] Asshown in FIG. 3, the Tanner graph represents the LDPC check matrix. For example,
for the check matrix H with a size of g rows and v columns, the Tanner graph includes two types
of nodes: v variable nodes and g check nodes. The v variable nodes respectively correspond to the
v columns of the check matrix H, and the g check nodes respectively correspond to the g rows of
the check matrix H. In the Tanner graph, a cycle includes vertices connected to each other. The
cycle uses one of the vertices as both a start point and an end point, and passes through each node
only once. A length of the cycle is defined as a quantity of connection lines included in the cycle.
A girth of a graph may also be referred to as a size of the graph, and is defined as a shortest cycle
length in the graph. For example, in FIG. 3, a girth is 4, as shown by a bold connection line in FIG.
3. The variable nodes in the Tanner graph each correspond to one column of the check matrix H,
that is, correspond to one LDPC codeword bit. The check nodes in the Tanner graph each
correspond to one row of the check matrix H, that is, correspond to one LDPC check bit. A
connection status between the two types of nodes corresponds to a value of an element in the
matrix H. If there is a connection between an i" check node and a j variable node, it indicates that
a value of an element (i, j) in the matrix H is 1. If there is no connection, a corresponding element
is 0. A connection line between the variable node and the check node may also be referred to as an
edge. That there is the connection between the check node and the variable node may also be
described as that there is a connection or an edge between the check node and the variable node.
An edge relationship between the check node and the variable node may include two cases: there
is an edge or there is no edge.

[00145] In addition, in the Tanner graph, the cycle (cycle) is a closed loop including a variable
node, a check node, and an edge that are connected end to end.

[00146] As described above, the LDPC is a linear block code. In the linear block code, a to-be-
encoded information sequence is divided into groups in a unit of w bits, and an encoder performs
a linear operation on the w information bits to obtain g check bits. Then, the w information bits
are combined with the g check bits to obtain a codeword whose length is v=w+g. A mapping
relationship between the w-bit information bits and the codeword whose length is v bits is usually
represented by a corresponding check matrix H. A codeword sequence may be correspondingly
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generated based on the check matrix H to complete an encoding process. After the codeword
sequence is transmitted through a channel, a receiver device correspondingly decodes a received
signal, to determine an original information bit.

[00147] 2. QC-LDPC code

[00148] The QC-LDPC code is a structured LDPC code. Due to a unique structure of a check
matrix of the QC-LDPC code, a simple feedback shift register can be used for encoding, to reduce
encoding complexity of the LDPC code. When a code length is long, a check matrix H of the
LDPC code is extremely large. Therefore, H is usually represented by blocks: A complete check
matrix H is considered as being generated by a plurality of Z:xZ. submatrices. Specifically, the
complete check matrix H may be represented by one base matrix Hp, each element in Hp
corresponds to one Z¢xZ: submatrix, and each submatrix may be represented by a quantity of
cyclic shift bits. Therefore, storage space needed by the complete check matrix H is greatly reduced.
The element in the base matrix Hp may also be referred to as a quasi-cyclic (quasi-cyclic, QC)
block.

[00149] Based on the base matrix Hy and the lifting value Z. (lifting size), the base matrix Hp
may be extended to a complete check matrix for encoding or decoding. Zc may also be referred to
as an extension factor, a lifting factor, an extension value, an extension coefficient, a lifting size,
or the like.

[00150] For example, the base matrix Hp of the QC-LDPC code is shown as follows:

13 48 8066 4 74 7 30 76 52 37 60 -1 49 -1 7331747323 1 0 -1-1
69 63 74 56 64 77 57 65 6 16 51 -1 64 -1 64 68 9 48 62 54 -1 0 0 -1
51 15 0 80 24 25 42 54 44 71 71 9 67 3567 -158-129-10 -1 0 O

16 29 36 41 44 56 59 37 50 24 -1 65 4 65 4 52 -1 4 -1 73 1 -1-10
[00151] It can be learned that a size of the base matrix Hp is 4 rows and 24 columns, each
element in the base matrix Hy represents a Zc-order square matrix, an element PZiC represents a

circulant permutation matrix, i represents a cyclic shift value, and i is an integer. In addition, in the

base matrix Hp, "—1" represents an all-zero matrix, and "0" represents an identity matrix.

[00152] For example, lec is shown as follows:
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[00153] Optionally, in addition to "-1", a zero element in the base matrix Hp may also be
expressed in another form. For example, the all-zero matrix is represented by "-" or a null value.
The base matrix of the LDPC code may also be referred to as an LDPC base matrix.

[00154] 3. Non-zero element and zero element

[00155] In a check matrix, a zero element represents that there is no connection between a
variable node and a check node, and a non-zero element represents that there is a connection
between the variable node and the check node.

[00156] Inan LDPC base matrix, a zero element represents a Zc-order all-zero square matrix, a
non-zero element represents a Zc-order identity matrix or a circulant permutation matrix that is
based on the Zc-order identity matrix, and a value of the non-zero element represents a cyclic shift
value or a shifting value (shifting value) relative to the identity matrix.

[00157] Specific representation forms of the zero element and the non-zero element are not
limited in this application. For example, in the check matrix H shown in FIG. 2, a zero element is
represented by "0", and a non-zero element is represented by "1". For another example, in the base
matrix Hy described above, a zero element is represented by "-1", and a non-zero element is
represented by a "nonnegative value".

[00158] For ease of description, in the following LDPC base matrix, a zero element is
represented by "0", and a non-zero element is represented by "1".

[00159] 4. Column weight and row weight

[00160] For a column of a matrix, a column weight may be a quantity of non-zero elements
included in the column. For a row of the matrix, a row weight may be a quantity of non-zero
elements included in the row. For example, as shown in FIG. 2, in the check matrix H, a column
weight of a 1% column is 2, and a row weight of a 1% row is 4. For another example, in the base
matrix Hy described above, a column weight of a 1t column is 4, and a row weight of a 1% row is
20.

[00161] 5. Structure of a check matrix
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[00162] FIG. 4 is a diagram of a structure of a check matrix.

[00163] As shown in FIG. 4(a), the check matrix may include a high rate region (high rate
region), an all-zero region, an incremental redundancy region (incremental redundancy region),
and a raptor-like region (raptor-like region). The high rate region may include a part A and a part
B shown in FIG. 4(b). The part A corresponds to an information bit (or referred to as an information
bit, a system bit, or the like), and the part B is a square matrix and corresponds to a kernel check
bit (or referred to as a kernel check bit). The all-zero region may correspond to a part C in FIG.
4(b), and is an all-zero matrix. The incremental redundancy region (incremental redundancy region)
may correspond to a part D in FIG. 4(b). The raptor-like region may correspond to a part E in FIG.
4(b), may be an identity matrix, and corresponds to a check bit extended at a low code rate.
[00164] The check matrix of the LDPC code shown in FIG. 4 uses a "raptor-like" structure, and
may be gradually extended to a low code rate through a kernel matrix with a high code rate. In
actual use, as shown in FIG. 4(a), the first X rows and the first Y columns of the check matrix may
be intercepted. As code rates are in descending order, X and Y gradually increase, and a region in
which the matrix is used also gradually increases.

[00165] It should be noted that the check matrix may be represented by an LDPC base matrix.
Therefore, a structure of the LDPC base matrix is similar to the structure of the check matrix, and
details are not described herein again.

[00166] 6. Kernel matrix, kernel row, kernel column, kernel part, and extension region
[00167] The kernel row is a row corresponding to the kernel check bit. In other words, the kernel
row is a row corresponding to the high rate region.

[00168] The kernel column may include all information columns and all kernel check columns.
In other words, the kernel column is a column corresponding to the high rate region, or a column
corresponding to the part A and the part B.

[00169] The kernel matrix (Kernel Matrix) is a part including all kernel rows and all kernel
columns of the LDPC check matrix or the LDPC base matrix. In other words, the kernel matrix is
the high rate region of the LDPC check matrix or the LDPC base matrix, or a part including the
part A and the part B.

[00170] The kernel part is a part including all rows and all of the kernel columns of the LDPC
check matrix or the LDPC base matrix. In other words, the kernel part is a region including the
high rate region and the raptor-like region, a region including the part A, the part B, and the part
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D, or a region corresponding to a non-raptor-like node.

[00171] The extension region may also be referred to as an extension matrix or an extension
part, and may correspond to the incremental redundancy region or the part D described above.
[00172] 7. Punctured column

[00173] The punctured column in the LDPC code may be a column that is not sent. The
punctured column may be an information column, or may be a check column. In this application,
an information column that is punctured is referred to as a punctured information column for short,
and a check column that is punctured is referred to as a punctured check column for short.
[00174] In addition, a column that is not punctured in the LDPC code may also be referred to
as a non-punctured column. Similarly, the non-punctured column may be an information column,
or may be a check column. In this application, an information column that is not punctured is
referred to as a non-punctured information column for short, and a check column that is not
punctured is referred to as a non-punctured check column for short.

[00175] 8. Column grouping

[00176] The column grouping means grouping columns of a matrix by using more than one
column as a basic unit. For example, it is assumed that a kernel column set is C, and the kernel
column set C is divided into t subsets C; to Ct. C1U...UC=C, and an intersection set of any two of
the t subsets is empty, that is, CiNCj=@, Ci#®, and Ci#0.

[00177]  Uniform column grouping means that all of the t subsets include a same quantity of
columns. Uniform k-column grouping is used as an example. For any subset C; in the t subsets,
ICi| = k.

[00178] Non-uniform column grouping means that there are at least two subsets in the t subsets,
and the two subsets include different quantities of columns.

[00179] 9. Row grouping

[00180] The row grouping means grouping rows of a matrix by using one or more rows as a
basic unit. For example, it is assumed that a row set of the matrix is R, and the row set R is divided
into s subsets Ry to Rs. R1U...URs=R, and an intersection set of any two of the s subsets is empty,
that is, RiNR=0, Ri#®, and Rj#0.

[00181] Uniform row grouping means that all of the s subsets include a same quantity of rows.
Uniform g-row grouping is used as an example. For any subset R; in the s subsets, |R;| = g.
[00182] Non-uniform row grouping means that there are at least two subsets in the s subsets,
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and the two subsets include different quantities of rows.

[00183] 10. Group structure and basic group structure

[00184] The group structure may also be referred to as a group unit or a row-column division
set. Any column set Cj and any row set R; of a matrix meet the following condition: For any column
ceCj, le(c,Ry)| € {0,1}. In this case, a structure including a row included in R; and a column
included in C; is referred to as a group structure, where e(c, R;) represents a set of edges between
the column ¢ and rows included in the row set R;,and |e(c,R;)| represents a quantity of the edges
between the column c and the rows included in the row set R;. A column weight of each column

of the group structure is less than or equal to 1.
[00185] Basic group structure: If e(Ri, C]-) #+ @ is true, a structure including a row included in

Ri and a column included in C; is referred to as a basic group structure.

[00186] Inthis application, the uniform k-column grouping and the uniform g-row grouping are
used as an example for description. In this case, scales of group structures are consistent, and a
quantity of edges included in the group structure is less than or equal to k.

[00187] 11. Column-regular group structure

[00188] For the column set C; and the row set R;, if for any c;,c; € Cj, le(cy, R)| =

le(cz, Ri)| € {0,1}, C; and R; are referred to as a column-regular group structure, |e(cq,R;)]

represents a quantity of edges between the column c; and the rows included in the row set R;,
and |e(c,, R;j)| represents a quantity of edges between the column c, and the rows included in
the row set R;. In other words, column weights of all columns of the column-regular group

structure are the same, and are all 0 or 1.

[00189] Ifforall j=1,2,..,andt and i=1,2,..,andq, C; and R; are a column-regular

group structure, a group structure of the matrix is referred to as being column-regular.

[00190] FIG. 5 shows an example of a column-irregular group structure and a column-regular
group structure. In a group structure shown in FIG. 5(a), a column weight of a 1% column is 1, a
column weight of a 2" column is 0, a column weight of a 3 column is 1, and the column weights
of the columns included in the group mechanism are different. Therefore, the group structure is a
column-irregular group structure. In a group structure shown in FIG. 5(b), a column weight of
each column is 1. Therefore, the group structure is a column-regular group structure.

[00191] 12. Row-regular group structure
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[00192]  For the column set C; and the row set R;, if for any ry,r, €R;, |e(ry, C)| =
le(r2,C;)|, C; and R; are referred to as a row-regular group structure, |e(ry,C;)| represents a
quantity of edges between the row r; and the rows included in the column set C;, and |e(ry, C))|

represents a quantity of edges between the row r, and the rows included in the column set C;. In

other words, row weights of all rows of the row-regular group structure are the same, and are all 0

or a value greater than or equal to 1.
[00193] If for all j=1,2,..,andt and i=1,2,..,andq, C; and R; are a row-regular

group structure, a group structure of the matrix is referred to as being row-regular.

[00194] FIG. 6 shows an example of a row-irregular group structure and a row-regular group
structure. In a group structure shown in FIG. 6(a), a column weight of a 1% row is 2, a column
weight of a 2" column is 1, and row weights of rows included in the group mechanism are different.
Therefore, the group structure is a row-irregular group structure. In a group structure shown in
FIG. 6(b), a column weight of each row is 1. Therefore, the group structure is a row-irregular group
structure. A group structure shown in FIG. 6(c) includes only one row. Therefore, the group
structure is a row-regular group structure.

[00195] 13. Row-regular and column-regular group structure

[00196] Ifagroup structure is row-regular and column-regular, a column weight of each column
of the group structure is 0 or 1. Correspondingly, a row weight of each row of the group structure
is 0 or k/q, and k is exactly divided by q.

[00197] The following provides two row-regular and column-regular group structures.

[00198] (1) Group structure 1: row-regular and column-regular group structure in which g=k
[00199] The group structure 1 is a square matrix, a column weight of each column of the group
structure 1 is 1, and a row weight of each row is also 1.

[00200] In a possible implementation, g=k=2, 3, or 4.

[00201] FIG. 7 is a diagram of a matrix using a group structure 1 in which k=2. As shown in
FIG. 7, an 8x26 matrix is divided into 4x13 2x2 group structures, and each group structure is row-
regular and column-regular.

[00202] (2) Group structure 2: row-regular and column-regular group structure in which q=1

[00203] The group structure 2 includes only one row, a column weight of each column of the
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group structure 2 is 1, and a row weight is k.

[00204] In a possible implementation, k=2, 3, or 4.

[00205] FIG. 8 is a diagram of a matrix using a group structure 2 in which k=2. As shown in
FIG. 8, an 8x26 matrix is divided into 8x13 1x2 group structures, and each group structure is row-
regular and column-regular. Edges in each group structure are completely the same, that is, for any
row 1, [IN(r)NCi|€{0, k} is true. A row weight of the matrix is kxU, where U is a quantity of group
structures that are included in each row and whose column weights are 1.

[00206] Usually, a kernel matrix of an LDPC base matrix supports only the group structure 2.
[00207] 14. Information transmission procedure

[00208] FIG. 9 is a diagram of an information transmission procedure. As shown in FIG. 9,
information is sent by a source, and arrives at a sink after processing such as source encoding,
channel encoding, modulation, air interface transmission, demodulation, channel decoding, and
source recovery, to complete information transmission from the source to the sink. In FIG. 9,
processing (including the source encoding, the channel encoding, the modulation, and the like)
shown at an upper layer is performed at a transmitter device, and processing (including the
demodulation, the channel decoding, the source recovery, and the like) shown at a lower layer is
performed at a receiver device. Embodiments of this application mainly relate to the source
encoding, the channel encoding, the channel decoding, and the source recovery shown in FIG. 9.
[00209] Currently, considering both a chip area and idle resources, a QC block parallel decoding
architecture is used for a mainstream decoding architecture, and a chip is designed based on a
codeword that supports using a maximum lifting value for decoding. For example, a lifting value
supported by NR ranges from 2 to 384, and the chip is designed based on the maximum lifting
value 384. However, in an actual decoding process, a used lifting value may be less than the
maximum lifting value. In this case, hardware resources (for example, storage resources or
computing resources) of the chip are idle, causing a waste of the hardware resources. In addition,
when current hardware resources are greater than twice the used lifting value or in a high
throughput scenario, a manner of parallel decoding of a plurality of QC blocks may be further used.
However, an edge relationship of a current LDPC code is highly random. Even if the manner of
parallel decoding of a plurality of QC blocks (for example, parallel decoding of two QC blocks) is
used to double a decoding parallelism degree and occupied hardware resources, an actual
throughput cannot be doubled.
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[00210] For the foregoing problem, this application provides an LDPC code-based
communication method and a communication apparatus, to improve decoding performance.
[00211] The following describes method embodiments of this application with reference to the
accompanying drawings.

[00212] FIG. 10isaschematic flowchart of an LDPC code—based communication method 1000
according to this application.

[00213] The method 1000 may be performed by a transmitter device and a receiver device.
Unless otherwise specified, the "transmitter device" or the "receiver device" may be the transmitter
device or the receiver device, or may be an apparatus that can support the transmitter device or the
receiver device in implementing the function. For ease of description, the following uses the
transmitter device and the receiver device for description. The transmitter device may be a terminal
device or a network device, and the receiver device may be a terminal device or a network device.
[00214] The method 1000 may include at least a part of the following content.

[00215] Step 1001: The transmitter device obtains an information bit sequence.

[00216] Inother words, if the transmitter device needs to communicate with the receiver device,
in other words, the transmitter device needs to send a signal to the receiver device, the transmitter
device needs to first obtain an information bit sequence corresponding to the signal that needs to
be sent to the receiver device.

[00217] That the transmitter device obtains the information bit sequence may mean that the
transmitter device performs source encoding on a source symbol to generate the information bit
sequence. That the transmitter device obtains the information bit sequence may alternatively mean
that the transmitter device receives the information bit sequence from another communication
apparatus.

[00218] Step 1002: The transmitter device performs LDPC encoding on the information bit
sequence based on an LDPC base matrix, to obtain a first LDPC codeword sequence.

[00219] A (gx(i-1)+1)" row to a (gxi)™" row of a first part of the LDPC base matrix include M;
first units, Fi second units, and G;j third units, the first part is a matrix region including a 1% column
to an x column of the LDPC base matrix, M is a positive integer, Fi and Gi are nonnegative
integers, and X is an integer greater than or equal to 2. A "unit" herein may be a group structure
mentioned in the term description part. For ease of understanding, the unit, the first unit, the second
unit, and the third unit are respectively referred to as a group structure, a first group structure, a
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second group structure, and a third group structure below.

[00220] The first group structure, the second group structure, and the third group structure each
are a matrix with g rows and k columns, and none of column weights of the columns of the matrix
with the g rows and the k columns is greater than 1. Specifically, a column weight of each column
of the first group structure is 1, that is, the first group structure is a column-regular group structure
whose column weight is 1. A column weight of at least one column of the second group structure
is 1, and a column weight of a remaining column is 0. Because the column weights of the columns
of the second group structure are different, the second group structure is a column-irregular group
structure. A column weight of each column of the third group structure is 0, that is, the third group
structure is a column-regular group structure whose column weight is 0, or the third group structure
is an all-zero matrix with q rows and k columns.

[00221] In this embodiment of this application, for different values of i, values of M, Fi, and Gi
may be the same or may be different. This is not limited. In a possible implementation, F; is a
nonnegative integer less than or equal to a threshold Vi, and Vi is a nonnegative integer. That Fi is
a nonnegative integer less than or equal to the threshold Vi may be understood as that a quantity
of column-irregular group structures included in the (qx(i—1)+1)" row to the (gxi)" row of the first
part of the LDPC base matrix is less than a specific quantity.

[00222] In addition, for different values of i, sums of M, Fi, and Gi may be the same or may be
different. This is not limited. In a possible implementation, the sum of M;, Fi, and Gj is M. In other
words, each g rows of the first part of the LDPC base matrix include M group structures whose
sizes are qxk, or each q rows of the first part of the LDPC base matrix are divided into M group
structures whose sizes are gqxk.

[00223] When Fi is not 0, the (gx(i-1)+1)" row to the (gxi)" row include a column-irregular
group structure. In other words, group structures included in the (qx(i—-1)+1)" row to the (gxi)™"
row include both a column-regular group structure and the column-irregular group structure. When
Miz is 0, the (gx(i-1)+1)" row to the (gxi)™ row include no column-irregular group structure. In
other words, group structures included in the (gx(i—-1)+1)" row to the (gxi)™ row are all column-
regular group structures.

[00224] It should be noted that structures and features of the LDPC base matrix mentioned in
this embodiment of this application may be that the LDPC base matrix inherently has these
structures and features, or may be that the LDPC base matrix has these features after experiencing
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row transformation and/or column transformation. This is not limited. For ease of description, the
LDPC base matrix is used as an example for description in all embodiments of this application.
[00225] The structures and the features of the LDPC base matrix in this embodiment of this
application are described in more detail below.

[00226] Step 1003: The transmitter device sends a second LDPC codeword sequence to the
receiver device based on the first LDPC codeword sequence. In other words, the receiver device
receives a second LDPC codeword sequence from the transmitter device.

[00227] Step 1004: The receiver device decodes the second LDPC codeword sequence based
on an LDPC base matrix.

[00228] It should be noted that, because a channel noise signal may be introduced in a
transmission process of the second LDPC codeword sequence, the second LDPC codeword
sequence outputted or sent by the transmitter device may be different from the second LDPC
codeword sequence received by the receiver device.

[00229] The LDPC base matrices used by the receiver device and the transmitter device may
be the same or may be different. This is not limited. For example, the transmitter device and the
receiver device both use an LDPC base matrix having a group structure. For another example, the
transmitter device encodes the information bit sequence by using an LDPC base matrix that has a
group structure after experiencing row transformation and/or column transformation, and the
receiver device decodes the received second LDPC codeword sequence by using an LDPC base
matrix that inherently has a group structure. For a feature of the LDPC base matrix used by the
receiver device, refer to step 1003. Details are not described again.

[00230] Because none of the column weights of the columns of the first group structure, the
second group structure, and the third group structure is greater than 1, the receiver device may
perform parallel decoding of a plurality of QC blocks on a part that is in the second LDPC
codeword sequence and that corresponds to the group structure. In other words, the receiver device
may perform parallel decoding on a codeword sequence corresponding to each group structure.
[00231] In a possible implementation, the receiver device uses a same storage unit and
computing unit to perform parallel decoding of a plurality of QC blocks on elements that are in
the second LDPC codeword sequence and that correspond to those in the first group structure, the
second group structure, or the third group structure. The storage unit and the computing unit herein
are a storage unit and a computing unit of one QC block.

33



10

15

20

25

30

[00232] The following uses a minimum-sum (Min-Sum, MS) decoding algorithm as an example,
and separately provides hardware decoding architectures corresponding to a group structure 1 and
a group structure 2 when k=2, to provide a description that both the two group structures can be
used for parallel decoding in an architecture in which decoding of k QC blocks are parallel. For
the group structure 1 and the group structure 2, refer to the foregoing descriptions in FIG. 7 and
FIG. 8.

[00233] FIG. 11 is a diagram of hardware decoding architectures corresponding to a group
structure 1 and a group structure 2.

[00234] FIG. 11(a) is a diagram of the hardware decoding architecture corresponding to the
group structure 1. As shown in FIG. 11(a), variable nodes are stored based on a subset of a column
group, in other words, two variable nodes in a subset are stored in a same storage unit (namely, a
memory region); and check nodes are stored based on a subset of a row group, in other words, two
check nodes in a subset are stored in a same storage unit. The two variable nodes are read into a
computing unit at the same time, and computing and temporary storage of values corresponding
to the two variable nodes are completed in the computing unit (for example, an addition unit, a
subtraction unit, and a min unit in FIG. 11) at the same time. In this way, by using the group
structure 1, the two variable nodes may be processed at one time, operation slots of the two variable
nodes are completely consistent, and one variable node does not need to be processed after
processing of the other variable node is completed. Therefore, a delay of processing the two
variable nodes is consistent with a delay of processing one variable node separately.

[00235] FIG. 11(b) is a diagram of the hardware decoding architecture corresponding to the
group structure 2. Different from the group structure 1, the decoding architecture processes one
check node each time.

[00236] It can be learned from the hardware decoding architecture that group structures with a
same scale are more conducive to hardware implementation. If the group structures use different
scales, the hardware decoding architecture needs to be designed based on a group structure with a
largest scale, including designs in terms of support for a quantity of variable nodes, support for a
quantity of check nodes, support for a parallelism degree, and the like. In this case, for a group
structure whose scale is less than the largest scale, hardware is wasted. If the group structures use
a same scale, for example, gxk, the hardware decoding architecture is designed based on the scale
of gxk. A hardware decoding architecture designed based on the scale of qxk supports decoding
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of g rows and k columns, and a decoding parallelism degree of the hardware decoding architecture
is fixed (at most k). That the group structures included in the LDPC base matrix use the same scale
may also be described as that the group structures included in the LDPC base matrix are uniform.
[00237] If group structures included in the LDPC base matrix are uniform and column-regular,
a decoding parallelism degree is always k, and hardware resources (for example, parallelism
degree resources) are not wasted. For example, a decoding parallelism degree of the first group
structure in the foregoing M group structures is k, and the hardware resources are not wasted.
[00238] If group structures included in the LDPC base matrix are uniform and column-irregular,
some hardware resources are wasted, and the wasted resources correspond to a quantity of columns
whose column weights are 0 in a column-irregular group structure. For example, a decoding
parallelism degree of the second group structure in the foregoing M group structures is a quantity
of columns whose column weights are 1 in the second group structure. A column whose column
weight is 0 causes a waste of hardware resources. In this case, for the second group structure, some
hardware resources are wasted.

[00239] If group structures included in the LDPC base matrix are uniform, row-regular, and
column-regular, the group structures included in the LDPC base matrix have regular structures, for
example, the group structure 1 and the group structure 2. In this case, the hardware decoding
architecture can be further simplified, and there is no waste of parallelism degree resources,
computing resources, and the like.

[00240] Certainly, the LDPC base matrix in this embodiment of this application may
alternatively use a non-uniform group structure. Using the non-uniform group structure is
conducive to edge density matching of the LDPC base matrix and maintaining a parallelism degree
of the computing resources, but increases design complexity of the hardware decoding architecture.
[00241] It can be learned from the foregoing content that the first group structure and the third
group structure do not cause a waste of hardware resources, but the second group structure causes
a waste of some hardware resources.

[00242] In the method 1000, none of the column weights of the columns of the first group
structure, the second group structure, and the third group structure is greater than 1. Therefore, the
receiver device may perform parallel decoding on a codeword sequence corresponding to each
group structure, and a case in which decoding cannot be performed does not occur. This helps
improve decoding performance. In addition, only the second group structure causes the waste of
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some hardware resources. Therefore, hardware utilization can be improved.

[00243] In addition, when the quantity of second group structures included in the (gx(i—1)+1)"
row to the (gxi)™" row of the first part of the LDPC base matrix is limited to be less than or equal
to the threshold Vi, the quantity of second group structures included in the (gx(i—1)+1)" row to the
(gxi)™ row of the first part of the LDPC base matrix may be less than a specific quantity, that is, a
quantity of column-irregular group structures included in the LDPC base matrix may be limited,
to further improve hardware resource utilization.

[00244] An implementation in which the transmitter device sends the second LDPC codeword
sequence based on the first LDPC codeword sequence is not limited in this embodiment of this
application.

[00245] In a possible implementation, the first LDPC codeword sequence is the same as the
second LDPC codeword sequence, that is, the transmitter device sends the LDPC codeword
sequence obtained in step 1002 to the receiver device.

[00246] In another possible implementation, the transmitter device performs first interleaving
between a part that is in the first LDPC codeword sequence and that corresponds to an information
column of the LDPC base matrix and a part that is in the first LDPC codeword sequence and that
corresponds to a kernel check column of the LDPC base matrix, to obtain the second LDPC
codeword sequence. The transmitter device sends the second LDPC codeword sequence to the
receiver device. The first interleaving is performed at a granularity of columns whose quantity is
a lifting value, and a quantity of second group structures included in a base matrix corresponding
to the second LDPC codeword sequence is less than a quantity of second group structures included
in the base matrix corresponding to the first LDPC codeword sequence. The first interleaving is
performed at the granularity of the columns whose quantity is the lifting value, that is, the first
interleaving is interleaving performed between QC blocks at a granularity of a QC block. The
interleaving performed between QC blocks at a granularity of a QC block may also be referred to
as QC block-level interleaving for short.

[00247] For the foregoing implementation, that the receiver device decodes the second LDPC
codeword sequence based on the LDPC base matrix may include: The receiver device performs
first column transformation between the information column and the kernel check column of the
LDPC base matrix, and decodes the second LDPC codeword sequence by using an LDPC base
matrix obtained through the first column transformation. The first column transformation is
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performed at a granularity of columns whose quantity is the lifting value, a quantity of second
group structures included in the LDPC base matrix obtained through the first column
transformation is less than a quantity of second group structures included in the LDPC base matrix
on which no first column transformation is performed, and the first column transformation
performed by the receiver device corresponds to the first interleaving performed by the transmitter
device. In other words, the receiver device does not perform de-interleaving on the second LDPC
codeword sequence, but performs, on the LDPC base matrix, column transformation
corresponding to interleaving performed by the transmitter device between QC blocks, and
decodes the second LDPC codeword sequence by using an LDPC base matrix obtained through
the column transformation. The first column transformation is performed at the granularity of the
columns whose quantity is the lifting value, that is, the first column transformation is column
transformation performed between QC blocks at a granularity of a QC block.

[00248] That the receiver device decodes the second LDPC codeword sequence based on the
LDPC base matrix may alternatively include: The receiver device performs first de-interleaving
on the second LDPC codeword sequence to obtain the first LDPC codeword sequence, and decodes
the first LDPC codeword sequence based on the LDPC base matrix. A quantity of second group
structures included in a base matrix corresponding to the first LDPC codeword sequence is less
than a quantity of second group structures included in the base matrix corresponding to the second
LDPC codeword sequence, and the first de-interleaving performed by the receiver device
corresponds to interleaving performed by the transmitter device between QC blocks. The first de-
interleaving is performed at a granularity of columns whose quantity is the lifting value, that is,
the first de-interleaving is de-interleaving performed between QC blocks at a granularity of a QC
block.

[00249] It should be noted that an application scenario of the interleaving between QC blocks
is not limited in this embodiment of this application. For example, the interleaving between QC
blocks may be applied to some specific scenarios. For example, in a high throughput scenario, an
applied code rate is usually high, a code length is usually not long (less than 2048), and a part or
all of a kernel matrix of the LDPC base matrix may be used for encoding and decoding. Therefore,
the interleaving between QC blocks may be applied.

[00250] When the transmitter device performs the interleaving between QC blocks, optionally,
the transmitter device may send indication information to the receiver device, to indicate the
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receiver device to perform, on the LDPC base matrix, corresponding column transformation
between QC blocks or perform, on the second LDPC codeword sequence, corresponding de-
interleaving between QC blocks.

[00251] The following describes in detail the interleaving performed by the transmitter device
between QC blocks.

[00252] A quantity of information columns of the LDPC base matrix may not be exactly divided
by a column group scale k, and the kernel check column of the LDPC base matrix needs a matrix
structure that is easy to encode. Therefore, the LDPC base matrix inevitably has many column-
irregular group structures, causing a waste of hardware resources. In this embodiment of this
application, content of the interleaving between QC blocks is kernel columns, and an objective is
to interleave the information column and the kernel check column in the kernel columns. The
interleaving between QC blocks is performed between the information column and the kernel
check column, to reduce the quantity of second group structures (or column-irregular group
structures), so as to further reduce the waste of hardware resources. In addition, because the
interleaving is performed at a granularity of a QC block, complexity is extremely low.

[00253] To implement the interleaving between QC blocks, an encoding chain (encoding chain)
of the transmitter device may have a QC block-level interleaver. The QC block—level interleaver
is different from an interleaver used for quadrature amplitude modulation (quadrature amplitude
modulation, QAM) or fading (fading). A location of the QC block-level interleaver in the encoding
chain is not limited in this embodiment of this application. For example, as shown in FIG. 12, the
QC block-level interleaver may be before a transmit circular buffer. For another example, the QC
block—level interleaver may be after the transmit circular buffer and before sending is read from
the transmit circular buffer.

[00254] In a possible implementation, a principle of the interleaving between QC blocks is
performing, between a codeword sequence corresponding to the information column of the LDPC
base matrix and a codeword sequence corresponding to the kernel check column of the LDPC base
matrix, interleaving between QC blocks at a granularity of a QC block, so that a symmetric
difference between rows included in any two columns in a subset of each column group of an
LDPC base matrix corresponding to an interleaved codeword sequence is less than or equal to 1.
A row included in a column may be a row that has an edge with the column. The symmetric
difference between the rows included in the two columns may alternatively be replaced with a
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symmetric difference between locations of non-zero elements in the two columns or a symmetric
difference between non-zero elements in the two columns. The symmetric difference between the
rows included in the two columns may be understood as a quantity of rows obtained by subtracting
an intersection set of the rows included in the two columns from a union set of the rows included
in the two columns.

[00255] FIG. 13 is a diagram of interleaving between QC blocks that is performed between an
information column and a kernel check column.

[00256] InFIG. 13, a group structure 2 in which k=2 is used as an example, and a black box in
bold in the figure represents a column-irregular group structure. As shown in FIG. 13, before
interleaving, rows included in a 7*" column and an 8" column are {1, 2, 3} and {1, 3, 4} respectively,
rows included in a 17" column and an 18" column are {1, 2, 4} and {2, 3, 4} respectively, rows
included in a 25" column and a 26™ column are {2, 3} and {3, 4} respectively, symmetric
differences are all 2, and a matrix includes eight column-irregular group structures. After
interleaving, a largest symmetric difference between rows included in two columns in each subset
of a column group is 1, and a matrix includes four column-irregular group structures.

[00257] It should be noted that the interleaving between QC blocks may be implemented, as
described above, in combination with the LDPC base matrix in step 1002, or may be separately
implemented as an independent embodiment. When the interleaving between QC blocks is
separately implemented, an LDPC base matrix used for encoding may not have the group structure
in step 1002 in this application, but may have the group structure in step 1002 after the interleaving
between QC blocks. A base matrix corresponding to an LDPC codeword sequence obtained
through the interleaving between QC blocks may have a same group structure as the LDPC base
matrix in step 1002.

[00258] The following describes in detail the structure and the feature of the LDPC base matrix
in this embodiment of this application.

[00259] As described above, the first part of the LDPC base matrix in this embodiment of this
application has a group structure. It should be noted that a region in which the group structure is
used in the LDPC base matrix is not limited in this embodiment of this application.

[00260] In a possible implementation, the group structure is used in an entire kernel part of the
LDPC base matrix. For descriptions of the kernel part, refer to the term description part. If a first
region is the kernel part of the LDPC base matrix, the 1% column to the x™ column of the LDPC
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base matrix are all kernel columns of the LDPC base matrix, that is, the first part is a matrix region
including all rows and all of the kernel columns of the LDPC base matrix.

[00261] In this case, the LDPC base matrix having a group structure may be represented by a
smaller indicator matrix J. In other words, the LDPC base matrix may be obtained based on the
indicator matrix J. One element in the indicator matrix J corresponds to one element in the first
group structure, the second group structure, or the third group structure, and a value of the element
in the indicator matrix J indicates locations/a location of a zero element and/or a non-zero element
that are/is in the first group structure, the second group structure, or the third group structure and
that correspond/corresponds to the element.

[00262] If the LDPC base matrix is divided into sxt group structures, the LDPC base matrix
may be represented by an indicator matrix J with s rows and t columns, where s is a quantity of
subsets in a row group, and t is a quantity of subsets in a column group.

[00263]  For example, if an i"" row and a j" column of the indicator matrix J are 0, it indicates
that the location in the LDPC base matrix is a group structure whose size is gxk, and the group
structure is a zero matrix; or if an i" row and a j'" column of the indicator matrix J are 1, it indicates
that the location in the LDPC base matrix is a group structure whose size is gxk, and a quantity of
edges included in the group structure is not 0, in other words, the group structure is a basic group
structure.

[00264] In a manner, storage of the LDPC base matrix may be storing the indicator matrix J,
and an edge relationship of a group structure corresponding to a location whose value is 1 in the
indicator matrix J is indicated, in other words, locations/a location of a zero element and/or a non-
zero element in the group structure are/is indicated. For example, based on a type of a basic group
structure, one value may be stored at each location whose value is 1 in the indicator matrix J, and
the value indicates a type of a basic group structure at the location. The matrix shown in FIG. 7 is
used as an example. The matrix includes two types of basic group structures. A type of a 1% group
structure of the matrix shown in FIG. 7 is a first type, and a type of a 2" group structure is a second
type. If a zero matrix is represented by 0, a first type of basic group structure is represented by a
value 1, and a second type of basic group structure is represented by 2, the matrix shown in FIG.

7 may be represented by the following indicator matrix J:
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[00265] In another manner, storage of the LDPC base matrix may alternatively be storing the
LDPC base matrix, and the indicator matrix J does not need to be used for representation. The
LDPC base matrix has a clear group structure.

[00266] In another possible implementation, the group structure may be used in a range in the
kernel part of the LDPC base matrix.

[00267] In an example, the group structure may be used in a range of an (n;)" column to an
(n,)" column and an (m;)™ row to an (m,)" row of the LDPC base matrix.

[00268] In another example, the group structure may be used in a range in which a quantity of
rows of the LDPC base matrix is greater than a row quantity threshold. In other words, row
numbers of rows of the matrix region that is in the LDPC base matrix and that includes the first
group structure, the second group structure, and the third group structure are all greater than a row
number threshold. Because the kernel matrix has high edge density, a group structure that can be
used generally needs to be limited to g=1. In other words, if the matrix region including the first
group structure, the second group structure, and the third group structure includes the kernel matrix,
a group structure that can be used generally needs to be limited to g=1. As a row number increases,
edge density of the LDPC base matrix decreases. Therefore, if the group structure is used only in
the range (for example, an extension region) in which a row number is greater than the row number
threshold, compatibility with more types of group structures may be implemented, and the group
structure is not limited to a group structure in which g=1. Therefore, the design is more flexible.
[00269] In another example, the group structure may be used in a range in which a quantity of
rows of the LDPC base matrix is greater than a first row quantity threshold and less than a second
row quantity threshold. In other words, row numbers of rows that belong to the first region in the
LDPC base matrix are all greater than a first row number threshold and less than a second row
number threshold. This design also has an advantage that the design is more flexible.

[00270] In another example, the group structure may be used in a range in which a code rate is
greater than a second code rate threshold. In other words, row numbers of rows of the matrix region
that is in the LDPC base matrix and that includes the first group structure, the second group

structure, and the third group structure are all greater than a row number of a row of a matrix region
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corresponding to a first code rate, where the first code rate is greater than the second code rate
threshold.

[00271] In this embodiment of this application, setting of a quantity F; of second group
structures (that is, column-irregular group structures) included in a (qx(i—-1)+1)" row to a (qxi)™
row of the first region of the LDPC base matrix is not limited.

[00272] In a possible implementation, Fi is related to at least one of the following information:
code rates corresponding to the (gx(i-1)+1)" row to the (gxi)™ row, row weights of the (gx(i-
1)+1)™ row to the (qxi)™ row, or edge relationships of the (gx(i-1)+1)" row to the (gxi)" row of a
punctured column of the LDPC base matrix.

[00273] For example, on the whole, Fi decreases as the code rate decreases. In a manner, as the
code rate decreases, Fi may decrease by segment. For example, when the code rate is greater than,
less than, or equal to a first code rate threshold, F; is greater than 0; or when the code rate is greater
than a first code rate threshold, F; is 0.

[00274] For example, on the whole, F; decreases as the row weight decreases. In a manner, for
example, as the row weight decreases, Fi may decrease by segment. For example, when the row
weight is less than or equal to a row weight threshold, Fi is greater than 0; or when the row weight
is greater than a row weight threshold, Fi is 0.

[00275] For example, as the code rate decreases, Fi may decrease by segment, and is inversely
proportional to a quantity of non-zero elements outside the punctured column.

[00276] For example, as the code rate decreases, Fi may decrease by segment, and is directly
proportional to a quantity of zero elements outside the punctured column.

[00277]  The row weights of the (gqx(i-1)+1)" row to the (qxi)™ row include at least one of the
following information: row weights of the (qx(i—1)+1)™ row to the (gxi)" row in which a punctured
column included in the LDPC base matrix is included; row weights of the (gx(i-1)+1)" row to the
(gxi)™ row in which a punctured column included in the LDPC base matrix is not included; or row
weights of the (gx(i-1)+1)" row to the (gxi)" row when the LDPC base matrix includes no
punctured column.

[00278] An example in which the LDPC base matrix includes punctured columns 1 and 2, and
g=1 is used to describe edge relationships of the (gx(i-1)+1)"" row to the (qxi)" row of the
punctured columns of the LDPC base matrix. The edge relationship may be as follows: The row
has an edge with each of the punctured columns 1 and 2; the row has an edge with the punctured
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column 1 but has no edge with the punctured column 2; the row has no edge with the punctured
column 1 but has an edge with the punctured column 2; or the row has an edge with neither of the
punctured columns 1 and 2.

[00279] In another possible implementation, in this embodiment of this application, Fi may
gradually decrease as i increases. For example, when i1 is less than iz, F; is greater than F;,
where F; isavalue of Fi when i=i1, and F;, is a value of Fi when i=i>.

[00280] Inanexample, that Fi decreases as i increases may mean that a value range of i includes
a plurality of consecutive subranges, same subranges correspond to same Fi, and Fi decreases in
order of the subranges. In other words, quantities of column-irregular group structures are
segmented as i changes, and the quantity of column-irregular group structures decreases in order
of segments. Optionally, each segment corresponds to a same quantity of column-irregular group
structures. If the plurality of consecutive subranges have numbers, that F; decreases in order of the
subranges may be understood as that Fj decreases in ascending order of the subrange numbers.
[00281] For example, when i is less than a first value (that is, a subrange 1), Fi is greater than
0; or when i is greater than or equal to a first value (that is, a subrange 2), Fi is 0. In other words,
it may be designed that the quantity of column-irregular group structures is O after i exceeds the
first value.

[00282] For another example, when i is less than a second value (that is, a subrange 1), Fi is 2;
when i is greater than or equal to a second value and less than a third value (that is, a subrange 2),
Fiis 1; or when i is greater than or equal to a third value (that is, a subrange 3), Fi is 0.

[00283] In this embodiment of this application, g=1 (corresponding to the foregoing group
structure 2) may be set, or g=k (corresponding to the foregoing group structure 1) may be set. The
following separately describes LDPC base matrix designs in the two cases.

[00284] Case 1: g=1, that is, the group structure includes one row.

[00285] In this case, the LDPC base matrix is designed in a plurality of manners. This is not
limited.

[00286] In a first possible implementation, the first part includes a third subpart, the third
subpart is a matrix region including a 1 row to a u™ row and a 1% column to an x™ column of the
first part, and u is an integer greater than or equal to 1. For example, the third subpart is a kernel
matrix of the LDPC base matrix, columns of the kernel matrix may belong to a plurality of groups,
a symmetric difference between rows included in any two columns in each group is 0 or 1, and
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each group includes at most one second group structure (namely, a column-irregular group
structure).

[00287] The group herein may be a group obtained by classifying kernel columns by using
"Included rows" as a classification basis. Because the kernel matrix has a small quantity of rows,
the kernel columns may be classified by using the rows included in the columns. A row included
in a column may be a row that has an edge with the column. For example, it is assumed that a row
set corresponding to the kernel matrix is y={r1, I2, ..., Ix}, a set of rows included in each kernel
column is o, and & € y. The kernel columns are classified based on 6 of each kernel column, to
obtain a plurality of groups. A symmetric difference between rows included in any two columns
in each group is less than or equal to 1. Optionally, & of rows in each group satisfies |5|=X or |5|=X—
1, where |§| represents a quantity of rows in the row set 0, and X is a quantity of rows included in
the kernel matrix.

[00288] FIG. 14 shows an example of grouping kernel columns. In FIG. 14, k=2 is used as an
example. As shown in FIG. 14, after column transformation, 26 kernel columns may be grouped
into a group 1 to a group 5. The group 1 includes a 1% column and a 2" column, the group 2
includes the 1 column to a 7" column and a 24" column, the group 3 includes a 12" column to a
17" column and a 23™ column, the group 4 includes an 8" column to a 12" column and a 26"
column, and the group 5 includes an 18" column to a 22" column and a 25" column. The groups
1, 2,4, and 5 each include a column-irregular group structure, and the group 3 includes no column-
irregular group structure.

[00289] A manner of classifying the kernel columns based on the "included rows" is applicable
to an LDPC base matrix including a punctured column, or applicable to an LDPC base matrix
including no punctured column. This is not limited.

[00290] When the LDPC base matrix includes the punctured column, the kernel matrix
definitely includes a column-irregular group structure. In a possible implementation, a group
including the punctured column definitely includes a column-irregular group structure. Optionally,
at most one of the F2 second group structures included in the (gx(i-1)+1)" row to the (gxi)"" row
of the first part of the LDPC base matrix includes the punctured column. When the LDPC base
matrix may be represented by the indicator matrix J, that the at most one of the F> second group
structures included in the (gx(i-1)+1)" row to the (gxi)™ row of the first part of the LDPC base
matrix includes the punctured column may also be described as that each row of the indicator
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matrix J corresponds to at most one column-irregular group structure including the punctured
column. A matrix region corresponding to a non-punctured information column of the LDPC base
matrix includes no second group structure.

[00291] In addition, when the kernel matrix includes the column-irregular group structure, a
matrix range to which the group structure is applicable is all of the kernel matrix, that is, the
column-irregular group structure may be compatible with a matrix region including a kernel check
column and a kernel row.

[00292] When the LDPC base matrix includes no punctured column, the kernel matrix may
include a column-irregular group structure, or may not include a column-irregular group structure.
This is not limited.

[00293] Inasecond possible implementation, the first part includes a second subpart and a first
subpart. The second subpart is a matrix region including a 1% row to a u™ row and a 1 column to
a y™ column of the first part, the first subpart is a matrix region including the 1 row to the u'" row
and a (y+1)™ column to an x™ column of the first part, u is an integer greater than or equal to 1, u-
1=x-y-1, and y is less than x. For example, the second subpart is a matrix region including all
kernel rows of the LDPC base matrix and all information columns of the LDPC base matrix, that
is, a part A. The first subpart is a matrix region including all of the kernel rows of the LDPC base
matrix and all kernel check columns of the LDPC base matrix, that is, a part B.

[00294] The columns of the second subpart belong to a plurality of groups, and a symmetric
difference between rows included in any two columns in each group is 0 or 1. Each group includes
at most one column-irregular group structure, or the second subpart includes no column-irregular
group structure, where a matrix region corresponding to a non-punctured information column
includes no second group structure. For a manner of obtaining the plurality of groups, refer to the
first possible implementation. Details are not described again.

[00295] Diagonal elements in the first subpart are all non-zero elements, the first subpart
includes N blocks, and the N blocks include all of the diagonal elements in the first subpart. Each
of the N blocks is a square matrix, a diagonal element in each block overlaps the diagonal element
in the first subpart, and the blocks do not overlap. A part or all of the N blocks include a plurality
of rows, and non-zero elements in at least two of the plurality of rows included in the blocks have
a proper inclusion relationship. That the two rows have the proper inclusion relationship may be
understood as that a column included in one of the two rows is properly included in a column
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included in the other of the two rows. A column included in a row may be a column that has an
edge with the row. For example, if a row #1 includes a column #1, a column #2, and a column #3,
and a row #2 includes the column #2 and the column #3, the row #2 is properly included in the
row #1.

[00296] In a possible implementation, the N blocks include N1 first blocks and one second
block, a size of the first block is kxk, a size of the second block is k'xk’, N1 is a positive integer,
N2 is a nonnegative integer, and k' is less than k.

[00297] In a possible implementation, an element other than the N blocks in the first subpart
may include a non-zero element, or each may be a zero element. When each element other than
the N blocks in the first subpart is the zero element, the first subpart has a smallest quantity of non-
zero elements. This helps reduce hardware complexity.

[00298] The following describes a design of the first subpart (that is, the part B) in detail.
[00299] The part B of the LDPC base matrix is a kernel check region and is a square matrix. It
Is assumed that the part B is an XxX square matrix, where X is a quantity of kernel rows, that is,
u—-1=x-y-1=X. A design principle of the part B of the matrix is that it is easy to perform encoding
by solving an equation and the base matrix is full-rank. Because the column group scale k may not
be exactly divided by X, column groups may be non-uniform column groups. If the column groups
of the part B are non-uniform column groups, a quantity of columns included in at most one of
subsets of the column groups corresponding to the part B is less than k, that is, the column groups
of the part B are Cy, Co, ..., and Cy, |Ci|=k is true for i<r, |C/|=k', and k'<k.

[00300] First, the part B is divided into blocks. For i<r and j<r, a range of a block (i, j) is a
matrix region including an ((i-1)*k+1)" row to an (i*k)™ row and a ((j-1)*k+1)"" column to a
(j7*K)™ column. For i=r and j<r, a range of a block (i, j) is a matrix region including an ((r-1)*k+1)"
row to an X" row and a ((j—1)*k+1)™ column to a (j*k)* column. For i<r and j=r, a range of a
block (i, j) is a matrix region including an ((i-1)*k+1)" row to an (i*k)"" row and an ((r-1)*k+1)"
column to an X™ column. For i=r and j=r, a range of a block (i, j) is a matrix region including an
((r-1)*k+1)"" row to an X" row and an ((r—-1)*k+1)" column to an X" column.

[00301] Then, the blocks obtained through division are classified to obtain two types of blocks.
A first type is a block in which i=j, and a second type is all remaining blocks. The N blocks in the
third matrix are first-type blocks.

[00302] The first-type block includes all of the diagonal elements in the part B, and a group

46



10

15

20

25

30

structure included in the first-type block is definitely a non-all-zero group structure (or a basic
group structure). If the LDPC base matrix is represented by the indicator matrix J, a location that
is in the indicator matrix J and that corresponds to the first-type block is definitely a non-zero
element. For example, it is assumed that rows included in a block L in the first-type block are
divided into Ry, Rz, ..., and Ry. In this case, e(Rx, Ci)#0 is true for x=1, ..., f. If the group structure
2 is used, |Rx|=g=1, and the block L includes k group structures (for i<r, the block L includes k
rows) or k' group structures (for i=r, the block L includes k' rows).

[00303]  Agroup structure included in the second-type block may be an all-zero group structure,
or may be a non-all-zero group structure. If the LDPC base matrix is represented by the indicator
matrix J, a location that is in the indicator matrix J and that corresponds to the second-type block
may be a zero element. In a possible implementation, group structures included in the second-type
block are all all-zero group structures, that is, there is no edge in a region of the second-type block,
and all edges are in the first-type block. In this case, the part B has a smallest quantity of non-zero
elements, and hardware complexity is the lowest.

[00304] FIG. 15 is a diagram of dividing a part B into blocks.

[00305] Aregion of a black box in bold in FIG. 15 represents a block, a block including a black
square and a gray square is a first-type block, and a block including a white square is a second-
type block. A location of the black square has an edge, a location of the gray square may have an
edge, and a location of the white square has no edge.

[00306] FIG. 15(a) is a diagram of blocks included in a part B when k=2 and X=3. In this case,
a first-type block in the part B includes one 2x2 block and one 1x1 block, and a second-type block
includes one 1x2 block and one 2x1 block. FIG. 15(b) is a diagram of blocks included in a part B
when k=2 and X=4. In this case, a first-type block in the part B includes two 2x2 blocks, and a
second-type block includes two 2x2 blocks. FIG. 15(c) is a diagram of blocks included in a part B
when k=2 and X=5. In this case, a first-type block in the part B includes two 2x2 blocks and one
1x1 block, and a second-type block includes two 2x2 blocks, two 2x1 blocks, and two 1x2 blocks.
FIG. 15(d) is a diagram of blocks included in a part B when k=2 and X=6. In this case, a first-type
block in the part B includes three 2x2 blocks, and a second-type block includes six 2x2 blocks.
FIG. 15(e) is a diagram of blocks included in a part B when k=3 and X=6. In this case, a first-type
block in the part B includes two 3x3 blocks, and a second-type block includes two 3x3 blocks.
[00307] After locations of the blocks are determined, locations of non-all-zero group structures

47



10

15

20

25

are determined. A more detailed feature of the non-all-zero group structure is described below.
[00308] Because the first-type block includes all of the diagonal elements in the part B, a
column-irregular group structure definitely exists in k or k' non-all-zero group structures (when
g=1) included in each first-type block, and non-zero elements (or edges) in at least two of a
plurality of rows included in the block have a proper inclusion relationship. For example, it is
assumed that a row corresponding to the column-irregular group structure is Ri. If there is a
column-regular group structure, and it is assumed that a row corresponding to the column-regular
group structure is Rz, e(Ry, Ci) is properly included in e(R2, Cj). If there is no column-regular group
structure, the foregoing proper inclusion relationship also definitely exists. An advantage of not
requiring the column-regular group structure to definitely exist in the block is that degree
distribution is more flexible and design space is larger.
[00309] In a possible implementation, each block in which i=j=1, ..., r-1 has a column-regular
group structure and a column-irregular group structure. Based on a block scale, a block in which
i=j=r may have only a column-irregular group structure, have only a column-regular group
structure, or have both a column-irregular group structure and a column-regular group structure.
If a quantity of rows of the block in which i=j=r is greater than 1, non-zero elements (or edges) in
at least two of the plurality of rows of the block have a proper inclusion relationship.
[00310] An advantage of the foregoing implementation of the part B is that encoding is easy,
and an equation can be solved by accumulating kernel check equations, to achieve an encoding
effect. In addition, a structure of part B is not a dual-diagonal structure. An encoding process of
the part B according to this embodiment of this application may be performed by using a block as
a basic structure, that is, performed on each block in which i=j sequentially or in parallel, where
i=j=1,2,..,r.
[00311] The following provides several examples of the part B.
[00312] When u-1=x-y-1=X=3 and k=2, locations of zero elements and non-zero elements in
the part B are shown in either of the following matrices:

1 1 0 1 0 O

[0 1 O] or ’1 1 0].

0 0 1 0 0 1
[00313] When u-1=x-y-1=X=3 and k=3, locations of zero elements and non-zero elements in

the part B are shown in the following matrix:
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0 1 0}
0 0 1

[00314] When u-1=x-y-1=X=4 and k=2, locations of zero elements and non-zero elements in

the part B are shown in any one of the following matrices:

1 1 0 Oy 1 1 O 0 01 1
1 0 O‘ [0 1 0 olor[o 0 1 0
0 1 10 0 1 Oy 1 1 0 0f
0 0 140 0 11 1 0 0 O

[00315] When u-1=x-y-1=X=4 and k=3, locations of zero elements and non-zero elements in

the part B are shown in either of the following matrices:

1 1 1 1 1 0 0
0110‘[0110
0 01 0)f0 0 1 OFf
0 0 0 11t0 0 0 1

[00316] When u-1=x-y-1=X=5 and k=2, locations of zero elements and non-zero elements in

the part B may be shown in the following matrix:

SO OO -
SO O -
SO RO O
Ok kLR OO
—_o OO0 O

[00317] When u-1=x-y-1=X=5 and k=3, locations of zero elements and non-zero elements in

the part B may be shown in the following matrix:

SO OO -
SO O -
SO R -
O OO0 O
=00 O

[00318] When u-1=x-y-1=X=5 and k=4, locations of zero elements and non-zero elements in

the part B may be shown in the following matrix:

11110
0 1 1.1 0
0 0 1 1 0}
0 0 010
0 0 0 0 1

[00319] When u-1=x-y-1=X=5 and k=5, locations of zero elements and non-zero elements in

the part B may be shown in the following matrix:
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OO OO =
COOR R
CO R R E
OR=R = OO
R R

[00320] When u-1=x-y-1=X=6 and k=2, locations of zero elements and non-zero elements in

the part B may be shown in the following matrix:

11 0 0 0 O
01 00 0O
0 01 10O
0 0 01 0 Of
0 0 00 11
0 0 00 0 1

[00321] When u-1=x-y-1=X=6 and k=3, locations of zero elements and non-zero elements in

the part B may be shown in the following matrix:

cco o r
cCo oo R R
COoOOoOR R R
corRmRooO

,P RO OO
PR RO OO

0 0
[00322] It should be noted that the examples of the part B are merely for ease of understanding,
and do not mean that the part B is limited thereto.

[00323] The foregoing describes the design of the kernel matrix of the LDPC base matrix in
Case 1. In some possible implementations, the first part further includes a fourth subpart, and the
fourth subpart may be an extension matrix of the LDPC base matrix. The following describes a
design of the extension matrix.

[00324] A quantity of column-irregular group structures included in the extension matrix is less
than a quantity of column-irregular group structures included in the kernel matrix, and as a code
rate decreases, the quantity of column-irregular group structures gradually decreases.

[00325] FIG. 16 is a line graph of a quantity change of column-irregular group structures at
different code rates.

[00326] Asarow number i of the indicator matrix J increases, the code rate gradually decreases.
As i increases, an overall row weight of the indicator matrix J presents a decrease trend, and the
quantity of column-irregular group structures also presents a decrease trend. A quantity of column-
irregular group structures (that is, second group structures) corresponding to each i may be a

quantity of column-irregular group structures included in the (gx(i-1)+1)™ row to the (gxi)™ row
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of a non-punctured information column in the 1% column to the x" column of the LDPC base
matrix, may be a quantity of column-irregular group structures included in the (gx(i-1)+1)" row
to the (qxi)™" row of an information column in the 1% column to the x" column of the LDPC base
matrix, or may be a quantity of column-irregular group structures included in the (gx(i-1)+1)"
row to the (gxi)" row of a non-punctured column in the 1% column to the x column of the LDPC
base matrix.

[00327] A change of a quantity of column-irregular group structures of the extension region
with the row number i of the indicator matrix J may be the same as the foregoing relationship
between Fj and i. Details are not described herein again.

[00328] Ina possible implementation, a sum of shifting values of non-zero elements of the first
group structure in Case 1 is an integer multiple of the lifting value.

[00329] Inapossible implementation, in Case 1, when the code rate is greater than the first code

rate threshold, Fi is 0. For example, the first code rate threshold is any one of the following code

rates: 0.926, 22 22 or 22

24" 25’ 26’
[00330] Case 2: g=k, that is, the group structure is a square matrix, and a quantity of included
rows and a quantity of included columns are greater than or equal to 2.
[00331] In Case 2, if the group structure is column-regular and row-regular (a row weight of
each row of the group structure is 1 and a column weight of each column is 1), that is, the first
group structure, each group structure may be considered as being generated through "lifting", and
a "lifting" manner is not limited to a quasi-cyclic lifting manner. The following provides two
construction manners of the group structure in Case 2.
[00332] Manner 1: The "lifting" may be represented by permutation of a sequence 6 (61, 02, ...,
0a, ...,0k) whose length is k. In other words, each column-regular and row-regular group structure
may be obtained through the permutation of the sequence 0 (01, 02, ..., 04, ..., 0k) whose length is k.
The a™ element 6, of O represents that an a™ row and a (82)™" column of the group structure have an
edge (or an element at the location is a non-zero element), and a is an integer greater than 0 and
less than or equal to k.
[00333] A construction manner of 04 is not limited in this embodiment of this application.
[00334] In a possible implementation, 6.=a+b(mod k), or 6.=k+1-a+b(mod k), where b is a
constant.

[00335] A manner of setting shifting values of non-zero elements of the first group structure is
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not limited in this embodiment of this application.

[00336] Ina possible implementation, shifting values of all of the non-zero elements of the first
group structure are the same.

[00337] In another possible implementation, remainders of any two non-zero elements of the
first group structure relative to the lifting value are the same.

[00338] In another possible implementation, a sum of shifting values of all of the non-zero
elements of the first group structure is an integer multiple of the lifting value.

[00339] The permutation in Manner 1 is circulant permutation of 6 (01, 02, ..., 0a, ..., 6k) as a
whole.

[00340] Manner 2: Each column-regular and row-regular group structure may include K
segments, the K segments are divided by column, an intersection set of any two of the K segments
Is empty, a union set of the K segments is the group structure, K is greater than or equal to 2, and
a ¢ segment of the K segments is obtained through permutation of a sequence 0¢ (85, 65, ...,
05, ..., O%c) whose length is |K€|, where the a™ element 65 of 8¢ represents that an element in
an a" row and a (85)™ column of the ¢ segment is a non-zero element, |K¢| is a quantity of
columns of the ¢ segment, ¢ is an integer greater than 0 and less than or equal to K, and a is an
integer greater than 0 and less than or equal to K°.

[00341] A construction manner of 05 is not limited in this embodiment of this application.
[00342] In a possible implementation, 65 = a+ b¢(mod|K€|), or 65 =|K‘|+1—a+
b¢(mod|K€|), where b® is a constant corresponding to the ¢! segment.

[00343] A manner of setting shifting values of non-zero elements of each segment is not limited
in this embodiment of this application.

[00344] Inapossible implementation, shifting values of all non-zero elements of the ¢t segment
are the same.

[00345] In another possible implementation, remainders of any two non-zero elements of the
c'" segment relative to the lifting value are the same.

[00346] In another possible implementation, a sum of shifting values of all non-zero elements
of the ¢ segment is an integer multiple of the lifting value.

[00347] The permutation in Manner 2 is permutation in which each segment is a cycle but the
whole may not be a cycle.

[00348] The following provides several examples of the first group structure.
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[00349] When g=k=2, locations of zero elements and the non-zero elements of the first group

structure are shown in either of the following matrices:

o o[y ol

[00350] When g=k=3, locations of zero elements and the non-zero elements of the first group

1 0 01 0 O (01 0] 110 1 0] 0 O 1 0 0 1
0 1 OO O 1,2 0 Of,|O O 1}, |2 O Ofor |0 1 O]
0 0 1410 1 010 O 1111 0 Ol 10 1 O 1 0 0

[00351] When g=k=4, locations of zero elements and the non-zero elements of the first group

structure are shown in any one of the following matrices:

structure are shown in any one of the following matrices:

1 0 0 O 1 0 0 O 1 0 0 O 1 0 0 O 1 0 0 O
0 1 0 O 1 0 O 0 01 O 0 01 O [0 0 0 1
o o100 OO0 1701 0 00 O O 11”70 1 0 Of
0 0 0 1 0 01 0 0 0 0 1 01 00 0 01 0
1 0 0 O 0 1 0 O 0 1 0 O 0 1 0 O 0 1 0 0
0 0 01 1 0 0 O 1 0 0 O 0 01 O 0 01 O
o o010’ (0 O01O0" 001 0" 00O 1" |17 00 0"
0 1 0 O 0 0 0 1 0 0 0 1 1 0 0 O 0 0 0 1
0 1 0 O 0 1 0 O 0 0 1 0 0 0 1 0 0 0 1 0
0 0 01 0 0 01 1 0 0 O 1 0 0 O 01 00
1 0 0 Of” OO 1O 0O 10O (OO0 1" (000 1"
0 0 1 O ‘1 0 0 O 0 0 0 1 0 1 0 O 1 0 0 O
0 0 1 O 0 0 1 O 0 0 1 0 0 0 0 17 0 0 0 1y
0 1 .0 O 0 0 01 0 0 01 1 0 0 O 1 0 0 O
1 0 0 Of” |20 0 Of” |O1 0 O (O1 O O (OO0 1 0"
0 0 0 1 0 1 0 O 1 0 0 O 0 0 1 O 0 1 0 O
0 0 0 13y 0 0 0 13 10 0O 0 1 0 0 0 1
01 0 010 1 O 0‘ [0 0 1 0f, 10 0 10
0 01 0|12 0 0 O |0 1 0 Of 1 0 0 Of
10 0 o4 0 01 0dLt1 0 0O 0 1 0 O

[00352] It should be noted that the examples of the first group structure are merely for ease of
understanding, and do not mean that the first group structure is limited thereto.
[00353] The following provides several examples of the second group structure.
[00354] When g=k=2, locations of zero elements and non-zero elements of the second group
structure are shown in any one of the following matrices:

lo ol [o ollo thor [y ol
[00355] When g=k=3, locations of zero elements and non-zero elements of the second group

structure are shown in any one of the following matrices:
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1 0 0] 1 0 0] [0 1 O 0 0 1
0 1 0f (0 O Of 0 O Ofor |0 0 O}
0 0 o0 0 Ol 10 0 1 1 0 0

[00356] When q=k=4, locations of zero elements and non-zero elements of the second group

structure are shown in any one of the following matrices:

10 0 Oy ;1 0 0 O 1 0 O O 0 O O O (O O O O
0100[0100[001000100000Or
0 01 0)Jj0 O O Of IO O O OO O O OO0 1 0 OFf
o o oo too1oto 00 140 0O0©O0OB1LOT1TO0

0 0 0 O

0 0 0 O

1 0 0 0Of

0 1 0 0

[00357] It should be noted that the examples of the second group structure are merely for ease
of understanding, and do not mean that the second group structure is limited thereto.

[00358] The following describes performance of the LDPC code in embodiments of this
application with reference to simulation results.

[00359] FIG. 17 shows simulation results of quantities of equivalently decoded QC blocks of
LDPC codes at different code rates.

[00360] The quantity of equivalently decoded QC blocks may reflect performance in terms of
complexity, a delay, and the like of decoding. FIG. 17 shows simulation results of quantities of
equivalently decoded QC blocks that are of an NR LDPC code using a base graph 1 (base graph
1, BG 1) and an LDPC code using a group structure 2 (that is, the LDPC code in this application)
and that are obtained at different code rates when quantities of QC blocks for parallel decoding are
1 and 2 (that is, parallelism degrees are 1 and 2).

[00361] As shown in FIG. 17, when the quantity of QC blocks for parallel decoding is 1,
quantities of equivalently decoded QC blocks of the NR LDPC code using the BG 1 and the LDPC
code using the group structure 2 are basically the same at the code rates (there is a slight decrease
at a low code rate). In other words, when the parallelism degree is 1, introducing the column group
structure 2 does not increase the decoding complexity, and does not cause a delay loss. When the
quantity of QC blocks for parallel decoding is 1, in comparison with the NR LDPC code using the
BG 1, a quantity of equivalently decoded QC blocks that are of the LDPC code using the group
structure 2 and that are obtained at each code rate decreases. In other words, when the parallelism
degree is 2, introducing the column group structure 2 may reduce the decoding complexity and the

decoding delay.
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[00362] FIG. 18 shows simulation results of SNRs of LDPC codes at different code rates.
[00363] The signal-to-noise ratio may reflect ultimate performance of decoding. FIG. 18 shows
simulation results of signal-to-noise ratios that are of an NR LDPC code using a BG 1 and an
LDPC code using a group structure 2 and that are obtained at different code rates.

[00364] As shown in FIG. 18, the signal-to-noise ratios of the NR LDPC code using the BG 1
and the LDPC code using the group structure 2 are basically the same at the code rates. In other
words, introducing the column group structure 2 does not cause a decoding performance loss.
[00365] FIG. 19 shows simulation results 1 of signal-to-noise ratios of LDPC codes with
different code lengths at different code rates.

[00366] FIG. 19 shows simulation results of signal-to-noise ratios that are of an NR LDPC code
and an LDPC code using a group structure 2 and that are obtained in different code lengths (that
is, information lengths (information lengths)) at different code rates by aligning iterative decoding
times to 20 rounds. In FIG. 19, solid lines represent simulation results of the NR LDPC code, and
dashed lines represent simulation results of the LDPC code using the group structure 2. As shown
in FIG. 19, at code rates: 5/6, 2/3, 1/2, and 1/3, signal-to-noise ratios of the NR LDPC code and
the LDPC code using the group structure 2 are basically the same in the code lengths. In other
words, introducing the column group structure 2 does not cause a decoding performance loss.
[00367] FIG. 20 shows simulation results 2 of signal-to-noise ratios of LDPC codes with
different code lengths at different code rates.

[00368] FIG. 20 shows simulation results of signal-to-noise ratios that are of an NR LDPC code
and an LDPC code using a group structure 2 and that are obtained in different code lengths at
different code rates by aligning decoding delays (or complexity) to 20 rounds of NR iteration. In
FIG. 20, solid lines represent simulation results of the NR LDPC code, and dashed lines represent
simulation results of the LDPC code using the group structure 2. As shown in FIG. 20, in
comparison with the NR LDPC code, except for a high code rate, in other code rates, performance
gains of the aligned decoding delay of the LDPC code using the group structure 2 are about 0.1x
dB.

[00369] FIG. 21 shows simulation results 3 of signal-to-noise ratios of LDPC codes with
different code lengths at different code rates.

[00370] FIG. 21 shows simulation results of signal-to-noise ratios that are of an NR LDPC code
and an LDPC code using a group structure 2 and that are obtained in different code lengths at
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different code rates by aligning decoding delays (or complexity) to 4 rounds of NR iteration. In
FIG. 21, solid lines represent simulation results of the NR LDPC code, and dashed lines represent
simulation results of the LDPC code using the group structure 2. As shown in FIG. 21, in
comparison with the NR LDPC code, except for a high code rate, in other code rates, performance
gains of the aligned decoding delay of the LDPC code using the group structure 2 are about 0.3x
dB.

[00371] It should be noted that in each of the foregoing embodiments, a group structure of one
scale is used in the LDPC base matrix. Actually, group mechanisms of a plurality of scales may be
used in the LDPC base matrix. For example, the group mechanism 2 is used in the kernel matrix
of the LDPC base matrix, and the group structure 1 is used in the extension region of the LDPC
base matrix. This is not limited.

[00372] The foregoing describes in detail the method embodiments provided in this application
with reference to FIG. 1 to FIG. 21. The following describes apparatus embodiments of this
application with reference to FIG. 22 to FIG. 24.

[00373] It may be understood that, to implement functions in the foregoing embodiments,
apparatuses in FIG. 22 to FIG. 24 include corresponding hardware structures and/or software
modules for performing the functions. A person skilled in the art should be easily aware that, with
reference to units and method steps of the examples described in embodiments disclosed in this
application, this application can be implemented by hardware or a combination of hardware and
computer software.

[00374] FIG. 22 and FIG. 23 are diagrams of structures of possible apparatuses according to
embodiments of this application. These apparatuses may be configured to implement functions of
the transmitter device or the receiver device in the foregoing method embodiments. Therefore,
beneficial effect of the foregoing method embodiments can also be implemented.

[00375] As shown in FIG. 22, an apparatus 10 includes a transceiver unit 11 and a processing
unit 12,

[00376] When the apparatus 10 is configured to implement functions of the transmitter device
in FIG. 10, the transceiver unit 11 is configured to perform sending and receiving steps of the
transmitter device, for example, step 1003. The processing unit 12 is configured to perform
processing steps of the transmitter device, for example, step 1001 and step 1002. When the
apparatus 10 is configured to implement functions of the receiver device in FIG. 10, the transceiver
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unit 11 is configured to perform sending and receiving steps of the receiver device, for example,
step 1003. The processing unit 12 is configured to perform a processing step of the receiver device,
for example, step 1004.

[00377] For more detailed descriptions of the transceiver unit 11 and the processing unit 12,
refer to related descriptions in the foregoing method embodiments. Details are not described herein
again.

[00378] As shown in FIG. 23, an apparatus 20 includes a processor 21. The processor 21 is
coupled to a storage 23. The storage 23 is configured to store instructions. When the apparatus 20
is configured to implement the foregoing method, the processor 21 is configured to execute the
instructions in the storage 23, to implement a function of the foregoing processing unit 12.
[00379] Optionally, the apparatus 20 further includes the storage 23.

[00380] Optionally, the apparatus 20 further includes an interface circuit 22. The processor 21
and the interface circuit 22 are coupled to each other. It may be understood that the interface circuit
22 may be a transceiver or an input/output interface. When the apparatus 20 is configured to
implement the foregoing method, the processor 21 is configured to execute the instructions to
implement the function of the foregoing processing unit 12, and the interface circuit 22 is
configured to implement a function of the foregoing transceiver unit 11.

[00381] For example, when the apparatus 20 is a chip used at a transmitter device or a receiver
device, the chip implements functions of the transmitter device or the receiver device in the
foregoing method embodiments. The chip receives information from another module (for example,
a radio frequency module or an antenna) in the transmitter device or the receiver device, where the
information is sent by another apparatus to the transmitter device or the receiver device; or the
chip sends information to another module (for example, a radio frequency module or an antenna)
in the transmitter device or the receiver device, where the information is sent by the transmitter
device or the receiver device to another apparatus.

[00382] FIG. 24 is adiagram of a chip system 30 according to an embodiment of this application.
The chip system 30 (or may be referred to as a processing system) includes a logic circuit 31 and
an input/output interface (input/output interface) 32.

[00383] The logic circuit 31 may be a processing circuit in the chip system 30. The logic circuit
31 may be coupled to a storage unit, and invoke instructions in the storage unit, to enable the chip
system 30 to implement the methods and functions in embodiments of this application. The
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input/output interface 32 may be an input/output circuit in the chip system 30, and outputs
information processed by the chip system 30, or inputs to-be-processed data or signaling
information into the chip system 30 for processing.

[00384] In a solution, the chip system 30 is configured to implement the operations performed
by the transmitter device or the receiver device in the foregoing method embodiments.

[00385] For example, the logic circuit 31 is configured to implement processing-related
operations performed by the transmitter device or the receiver device in the foregoing method
embodiments. The input/output interface 32 is configured to implement sending and/or receiving—
related operations performed by the transmitter device or the receiver device in the foregoing
method embodiments.

[00386] This application further provides a communication apparatus, including a processor.
The processor is coupled to a storage. The storage is configured to store a computer program or
instructions and/or data. The processor is configured to execute the computer program or the
instructions stored in the storage, or read the data stored in the storage, to perform the method in
the foregoing method embodiments. Optionally, there are one or more processors. Optionally, the
communication apparatus includes the storage. Optionally, there are one or more storages.
Optionally, the storage and the processor are integrated together or disposed separately.

[00387] This application further provides a chip, including a processor. The processor is
coupled to a storage. The storage is configured to store a computer program or instructions. The
processor is configured to execute the computer program or the instructions stored in the storage,
to implement the method performed by the transmitter device or the receiver device in the
foregoing method embodiments.

[00388] This application further provides a computer-readable storage medium. The computer-
readable storage medium stores computer instructions for implementing the method performed by
the transmitter device or the receiver device in the foregoing method embodiments.

[00389] This application further provides a computer program product, including instructions.
When the instructions are executed by a computer, the method performed by the transmitter device
or the receiver device in the foregoing method embodiments is implemented.

[00390] This application further provides a communication system. The communication system
includes at least one of the transmitter device or the receiver device in the foregoing embodiments.
[00391] For explanations and beneficial effects of related content of any one of the apparatuses

58



10

15

20

25

30

provided above, refer to the corresponding method embodiments provided above. Details are not
described herein again.

[00392] It may be understood that, the processor in embodiments of this application may be a
central processing unit (central processing unit, CPU), or may be another general-purpose
processor, a digital signal processor (digital signal processor, DSP), an application-specific
integrated circuit (application-specific integrated circuit, ASIC), a field programmable gate array
(field programmable gate array, FPGA) or another programmable logic device, a transistor logic
device, a hardware component, or any combination thereof. The general-purpose processor may
be a microprocessor, or may be any conventional processor.

[00393] The method steps in embodiments of this application may be implemented in a
hardware manner, or may be implemented in a manner of executing software instructions by the
processor. The software instructions may include a corresponding software module. The software
module may be stored in a random access memory, a flash memory, a read-only memory, a
programmable read-only memory, an erasable programmable read-only memory, an electrically
erasable programmable read-only memory, a register, a hard disk, a removable hard disk, a
compact disc read-only memory (compact disc read-only memory, CD-ROM), or any other form
of storage medium well-known in the art. For example, a storage medium is coupled to a processor,
so that the processor can read information from the storage medium and write information into the
storage medium. Certainly, the storage medium may alternatively be a component of the processor.
The processor and the storage medium may be located in an ASIC. In addition, the ASIC may be
located in a transmitter device or a receiver device. Certainly, the processor and the storage
medium may alternatively exist in the transmitter device or the receiver device as discrete
components.

[00394] All or some of the foregoing embodiments may be implemented by using software,
hardware, firmware, or any combination thereof. When the software is used to implement
embodiments, all or some of embodiments may be implemented in a form of a computer program
product. The computer program product includes one or more computer programs or instructions.
When the computer programs or the instructions are loaded and executed on a computer, the
procedures or functions in embodiments of this application are all or partially executed. The
computer may be a general-purpose computer, a dedicated computer, a computer network, a
network device, user equipment, or another programmable apparatus. The computer programs or
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the instructions may be stored in a computer-readable storage medium, or may be transmitted from
a computer-readable storage medium to another computer-readable storage medium. For example,
the computer programs or the instructions may be transmitted from a website, computer, server, or
data center to another website, computer, server, or data center in a wired or wireless manner. The
computer-readable storage medium may be any usable medium accessible by the computer, or a
data storage device, for example, a server or a data center, integrating one or more usable media.
The usable medium may be a magnetic medium, for example, a floppy disk, a hard disk, or a
magnetic tape; or may be an optical medium, for example, a digital video disc; or may be a
semiconductor medium, for example, a solid-state drive.

[00395] In embodiments of this application, unless otherwise specified or logically conflicted,
terms and/or descriptions in different embodiments are consistent and may be mutually referenced,
and technical features in different embodiments may be combined based on an internal logical
relationship thereof, to form a new embodiment.

[00396] Unless otherwise specified, meanings of all technical and scientific terms used in
embodiments of this application are the same as those usually understood by a person skilled in
the art of this application. The terms used in this application are merely intended to describe
specific embodiments, and are not intended to limit the scope of this application. It should be
understood that the foregoing is an example for description, and the foregoing examples are merely
intended to help a person skilled in the art understand embodiments of this application, but are not
intended to limit embodiments of this application to examples of specific values or specific
scenarios. It is clear that a person skilled in the art can make various equivalent modifications or
variations based on the examples described above, and such modifications and variations also fall

within the scope of embodiments of this application.
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CLAIMS

1. Allow-density parity check LDPC code—based communication method, wherein the method
comprises:

obtaining an information bit sequence;

performing LDPC encoding on the information bit sequence based on an LDPC base matrix
to obtain a first LDPC codeword sequence, wherein a (gx(i-1)+1)" row to a (qxi)™ row of a first
part of the LDPC base matrix comprise M; first units, Fi second units, and G; third units; the first
part is a matrix region consisting of a 1% column to an x™ column of the LDPC base matrix; the
first unit is a matrix with g rows and k columns, and a column weight of each column is 1; the
second unit is a matrix with g rows and k columns, a column weight of at least one column of the
second unit is 1, and a column weight of a remaining column is 0; the third unit is a matrix with q
rows and k columns, and a column weight of each column is O; i and q are positive integers; x and
k are integers greater than or equal to 2; M; is a positive integer; and Fi and G; are nonnegative
integers; and

outputting a second LDPC codeword sequence based on the first LDPC codeword sequence.

2. The method according to claim 1, wherein the outputting the second LDPC codeword
sequence based on the first LDPC codeword sequence comprises:

performing first interleaving between a part that is in the first LDPC codeword sequence and
that corresponds to an information column of the LDPC base matrix and a part that is in the first
LDPC codeword sequence and that corresponds to a kernel check column of the LDPC base matrix,
to obtain the second LDPC codeword sequence, wherein the first interleaving is performed at a
granularity of columns whose quantity is a lifting value, and a quantity of second units comprised
in a base matrix corresponding to the second LDPC codeword sequence is less than a quantity of
second units comprised in the base matrix corresponding to the first LDPC codeword sequence;
and

outputting the second LDPC codeword sequence.

3. Allow-density parity check LDPC code—based communication method, wherein the method
comprises:

receiving a second LDPC codeword sequence; and

decoding the second LDPC codeword sequence based on an LDPC base matrix, wherein a
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(gx(i-1)+1)" row to a (qxi)™" row of a first part of the LDPC base matrix comprise M; first units,
Fi second units, and G; third units; the first part is a matrix region consisting of a 1% column to an
x column of the LDPC base matrix; the first unit is a matrix with ¢ rows and k columns, and a
column weight of each column is 1; the second unit is a matrix with g rows and k columns, a
column weight of at least one column of the second unit is 1, and a column weight of a remaining
column is O; the third unit is a matrix with g rows and k columns, and a column weight of each
column is O; i and q are positive integers; X and Kk are integers greater than or equal to 2; M is a
positive integer; and Fi and G; are nonnegative integers.

4. The method according to claim 3, wherein the decoding the second LDPC codeword
sequence based on the LDPC base matrix comprises:

performing first column transformation between an information column and a kernel check
column of the LDPC base matrix, wherein the first column transformation is performed at a
granularity of columns whose quantity is a lifting value, and a quantity of second units comprised
in the LDPC base matrix obtained through the first column transformation is less than a quantity
of second units comprised in the LDPC base matrix on which no first column transformation is
performed; and

decoding the second LDPC codeword sequence based on the LDPC base matrix obtained
through the first column transformation.

5. The method according to any one of claims 1 to 4, wherein

when iy is less than iz, F;, is greater than F;,, F; isa value of Fi when i=iy, and F;, is a
value of Fi when i=i..

6. The method according to claims 1 to 4, wherein

a value range of i comprises a plurality of consecutive subranges, same subranges correspond
to same Fi, and Fi decreases in order of the subranges.

7. The method according to claim 6, wherein

when i is less than a first value, Fi is greater than O; or

when i is greater than or equal to the first value, Fi is 0.

8. The method according to claim 6, wherein

when i is less than a second value, a threshold Vi is 2;

when i is greater than or equal to a second value and less than a third value, a threshold Vi is
1; or
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when i is greater than or equal to a third value, a threshold Vi is 0.

9. The method according to any one of claims 1 to 8, wherein

the Mi; first units, the Fi second units, and the G; third units are comprised in a non-punctured
information column in the 1% column to the x™ column of the LDPC base matrix;

the M; first units, the Fi second units, and the G; third units are comprised in an information
column in the 1% column to the x™ column of the LDPC base matrix; or

the Mi; first units, the Fi second units, and the G; third units are comprised in a non-punctured
column in the 1% column to the x' column of the LDPC base matrix.

10. The method according to any one of claims 1 to 9, wherein g=1.

11. The method according to claim 10, wherein a sum of shifting values of non-zero elements
in the first unit is an integer multiple of the lifting value.

12. The method according to claim 10 or 11, wherein

when a code rate is greater than a first code rate threshold, Fi is 0.

13. The method according to claim 12, wherein

the first code rate threshold is any one of the following code rates: 0.926, % % %

14. The method according to any one of claims 1 to 13, wherein

the LDPC base matrix comprises a punctured column; and

at most one of the F; second units comprises the punctured column.

15. The method according to any one of claims 1 to 14, wherein

a matrix region corresponding to a non-punctured information column of the LDPC base
matrix does not comprise the second unit.

16. The method according to any one of claims 1 to 15, wherein

the first part comprises a first subpart, the first subpart is a matrix region consisting of a 1%
row to a u™ row and a (y+1)" column to an x™ column of the first part, u is an integer greater than
or equal to 1, u-1=x-y-1, and y is less than x; and

diagonal elements in the first subpart are all non-zero elements, the first subpart comprises N
blocks, the block is a square matrix, the N blocks comprise all of the diagonal elements in the first
subpart, a diagonal element in each of the N blocks overlaps the diagonal element in the first
subpart, the blocks do not overlap, a part or all of the N blocks comprise a plurality of rows, and
non-zero elements in at least two of the plurality of rows have a proper inclusion relationship.

17. The method according to claim 16, wherein
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the N blocks consist of N1 first blocks and one second block, a size of the first block is kxk,
a size of the second block is k' x k’, N1 is a positive integer, N2 is a nonnegative integer, and k'
is less than k.

18. The method according to claim 16 or 17, wherein

each element other than the N blocks in the first subpart is a zero element.

19. The method according to any one of claims 1 to 18, wherein

the first part comprises the first subpart, the first subpart is the matrix region consisting of the
1% row to the u™ row and the (y+1)"" column to the x™ column of the first part, u is an integer
greater than or equal to 1, u-1=x-y-1, and y is less than x, wherein

when u-1=x-y-1=3, locations of zero elements and non-zero elements in the first subpart are

shown in the following matrix:

1 10
0 1 O0f
0 0 1

when u-1=x-y-1=4, locations of zero elements and non-zero elements in the first subpart are

shown in either of the following matrices:

1 1 0 0 1 1 10
0 1 0 0 0 1 1 o0
0 0 1 1] or lo 0 1 ol and/or
0 0 0 1 0 0 0 1
when u-1=x-y-1=5, locations of zero elements and non-zero elements in the first subpart are

shown in any one of the following matrices:

1 1 0 0 O 1 1 1 0 0 1 11 1 0
01 0 0 0JJ101 1 0 O 0 1 1 1 0
0 01 1 0/,/0 01 0 Of,or|0O 0 1 1 0} wherein
0 0 01 0JJj]0O O O 1 1 0O 0 0 1 0
0O 0 0 0 1 0O 0 0 0 1 0O 0 0 0 1

in the foregoing matrices, "1" represents a non-zero element, and "0" represents a non-zero
element.

20. The method according to any one of claims 1 to 9, wherein g=k.

21. The method according to claim 20, wherein

a row weight of each row of the first unit is 1.

22. The method according to claim 21, wherein

each first unit is obtained through permutation of a sequence 0 (01, 02, ..., 0, ..., ) whose

h

length is k, the a element 0a of O represents that an element in an a™ row and a (62)™ column of
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the first unit is a non-zero element, and a is an integer greater than 0 and less than or equal to k.

23. The method according to claim 22, wherein

0a=at+b(mod k), or 6.=k+1-a+b(mod k), wherein b is a constant.

24. The method according to any one of claims 21 to 23, wherein

shifting values of non-zero elements in the first unit are the same;

remainders of any two non-zero elements in the first unit relative to the lifting value are the
same; or

a sum of shifting values of non-zero elements in the first unit is an integer multiple of the
lifting value.

25. The method according to any one of claims 21 to 24, wherein

when g=k=2, locations of zero elements and the non-zero elements in the first unit are shown

in either of the following matrices:

o o[y ol

when g=k=3, locations of zero elements and the non-zero elements in the first unit are shown

in any one of the following matrices:

1 0 0] 1 0 O (01 0] 110 1 O] 0 O 1 0 0 1
0 1 0,0 0 1|,|1 0 O0],|0 0O 1|, |1 0O O]or |0 1 O0}; and/or
0 0 1410 1 010 O 1111 0 Ol 10 1 O 1 0 0

when g=k=4, locations of zero elements and the non-zero elements in the first unit are shown

in any one of the following matrices:

1 0 0 O 1 0 0 O 1 0 0 O 1 0 0 O 1 0 0 O
0 1 0 0‘ [0 1 0 0 0 01 0 [0 01 0 0 0 0 1
0o 0100 O0O0O0T1TY” 101 0 O0f” 10 OO0 11" |10 1 0 Of"
0 0 0 1 0 01 0 0 0 0 1 01 00 0 01 0
1 0 0 O 0 1 0 O 0 1 0 O 0 1 0 0 0 1 0 0
0 0 01 1 0 0 O 1 0 0 O 0 01 O 0 01 O
o o010 (0 O1TO0" 1001 0" 00O 1" |12 00 0"
0 1 0 O 0 0 0 1 0 0 0 1 1 0 0 O 0 0 0 1
0 1 0 O 0 1 0 O 0 0 1 0 0 0 1 0 0 0 1 0
0 0 01 0 0 01 1 0 0 O 1 0 0 O 01 00
1 0 0 Of” OO 10" |01 0O (OO0 1" (000 1"
0 0 1 O ‘1 0 0 O 0 0 0 1 0 1 0 O 1 0 0 O
0 0 1 O 0 0 1 O 0 0 1 0 0 0 0 17 0 0 0 1y
0 1 .0 O 0 0 01 0 0 01 1 0 0 O 1 0 0 O
1 0 0 Of” |20 0 Of” |O1 0 O (O1 O O (OO0 1 0"
0 0 0 1 0 1 0 O 1 0 0 O 0 0 1 O 0 1 0 O
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000 170 0 0 170 0 0 1 00 0 1
0100 (0100 oo 10 001 0 :
0010"[1000’0100}’“[1000""’“”9'”
1000 loo1olt ooo 010 0

in the foregoing matrices, "1" represents a non-zero element, and "0" represents a non-zero
element.

26. The method according to any one of claims 1 to 25, wherein

the LDPC base matrix is obtained based on an indicator matrix, one element in the indicator
matrix corresponds to one element in the first unit, the second unit, or the third unit, and a value
of the element in the indicator matrix indicates locations/a location of a zero element and/or a non-
zero element that aref/is in the first unit, the second unit, or the third unit and that
correspond/corresponds to the element.

27. The method according to any one of claims 1 to 25, wherein

a row number of a row in a matrix region comprising the first unit, the second unit, and the
third unit is greater than a row number of a row in a matrix region corresponding to a first code
rate, and the first code rate is greater than a code rate threshold.

28. The method according to any one of claims 1 to 27, wherein F; is related to at least one of
the following information:

code rates corresponding to the (gx(i—1)+1)™" row to the (gxi)™ row, row weights of the (gx(i—
1)+1)™ row to the (qxi)™ row, or locations/a location of a zero element and/or a non-zero element
in the (gx(i-1)+1)" row to the (gxi)" row of the punctured column of the LDPC base matrix.

29. A communication apparatus, comprising a module or a unit configured to perform the
method according to any one of claims 1 to 28.

30. A communication apparatus, comprising a processor and an interface circuit, wherein the
interface circuit is configured to: receive a signal from a communication apparatus other than the
communication apparatus and transmit the signal to the processor, or send a signal from the
processor to a communication apparatus other than the communication apparatus, and the
processor is configured to implement the method according to any one of claims 1 to 28 by using
a logic circuit or by executing code instructions.

31. The communication apparatus according to claim 30, wherein the communication
apparatus is a chip or a chip system.

32. A computer-readable storage medium, wherein the storage medium stores a computer
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program or instructions, and when the computer program or the instructions are executed by a
communication apparatus, the method according to any one of claims 1 to 28 is implemented.

33. A computer program product, comprising a computer program, wherein when the
computer program is run, the method according to any one of claims 1 to 28 is implemented.

34. A communication system, comprising:

a transmitter device configured to perform the method according to any one of claims 1, 2,
and 5 to 28; and

a receiver device configured to perform the method according to any one of claims 3 to 28.
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