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ENCODING METHOD, DECODING METHOD, AND COMMUNICATION APPARATUS

CROSS-REFERENCE TO RELATED APPLICATIONS

[0001] This application claims priority to Chinese Patent Application No. 202110329082.4, filed with the China
National Intellectual Property Administration on March 27, 2021 and entitled "ENCODING METHOD, DECODING
METHOD, AND COMMUNICATION APPARATUS", which is incorporated herein by reference in its entirety.

TECHNICAL FIELD

[0002] Embodiments of this application relate to the field of communication technologies, and in particular, to

an encoding method, a decoding method, and a communication apparatus.

BACKGROUND

[0003] Communication systems usually adopt channel encoding to improve reliability of data transmission and
ensure quality of communication. In a multiple input multiple output (multiple input multiple output, MIMO)
technology, a bitstream, on which channel encoding is performed at a transmit end, is transmitted to a receive end
over a MIMO channel. The receive end performs corresponding channel decoding on the bitstream.

[0004] Currently, channel encoding is usually performed on a long bitstream, and a bit rate of the channel
encoding is adapted by using an average signal noise ratio (signal noise ratio, SNR) of a MIMO channel. Encoded
codewords are interleaved and divided into a plurality of sub-streams for transmission over the MIMO channel.
However, SNRs of all layers of the MIMO channel are different, and such a manner results in some loss of encoding

and decoding performance.

SUMMARY

[0005] Embodiments of this application provide an encoding method, a decoding method, and a communication
apparatus, to improve encoding and decoding performance.

[0006] According to a first aspect, an embodiment of this application provides an encoding method, including:
obtaining n information bit sequences, where n is a quantity of antenna ports, and n is a positive integer greater than
1; performing first channel encoding on the n information bit sequences to obtain n first encoded sequences, where
the n first encoded sequences have a same length; generating n second encoded sequences based on a polar encoding
matrix and the n first encoded sequences; and outputting the n second encoded sequences. In a two-level encoding
scheme, independent first channel encoding is first performed on different information bit sequences, and then a
polarization operation is performed on a plurality of encoded sequences obtained after the first channel encoding,
thereby improving encoding performance.

[0007] In an optional implementation, the first channel encoding may take an encoding such as low density

parity check (low density parity check, LDPC), parallel concatenated convolutional code (Turbo code), or BCH code
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(bose—chaudhuri—-hocquenghem code, BCH).

[0008] In an optional implementation, the polar encoding matrix is a 2™ X 2™ matrix, and n is less than or
equal to 2™, and m is a positive integer. Optionally, a value of m may meet the following condition: 2™ <n <
2m.

[0009] In an optional implementation, the generating n second encoded sequences based on a polar encoding
matrix and the n first encoded sequences includes: if n is equal to 2™, performing bit block-based polar encoding on
the n first encoded sequences based on the polar encoding matrix, to generate the n second encoded sequences; or if
nis less than 2™, generating the n second encoded sequences based on a submatrix of the polar encoding matrix and
the n first encoded sequences, where the submatrix isa n X n matrix. That based on a submatrix of the polar encoding
matrix and the n first encoded sequences includes: performing bit block-based polar encoding on the n first encoded
sequences by using the submatrix of the polar encoding matrix.

[0010] In this embodiment of this application, a quantity of sequences for performing bit block-based polar
encoding is not limited to that n is a power of 2, so that adaptable scenarios can be extended and more flexible channel
encoding can be implemented.

[0011] In an optional implementation, each row in the polar encoding matrix corresponds to one polar channel;
and if n is less than 2™, reliability of n polar channels corresponding to the submatrix is higher than reliability of
remaining 2™-n polar channels of 2™ polar channels. A corresponding polar encoding matrix is transformed based
on polar channel reliability, and a polar channel with relatively high reliability is retained, which helps improve
encoding performance.

[0012] In an optional implementation, better channel quality of multiple input multiple output MIMO layers
corresponding to the second encoded sequences indicates better reliability of polar channels corresponding to the
second encoded sequences. After the polarization operation, corresponding bitstreams are adapted to MIMO layers
having different channel quality levels, so that transmission with a maximum channel capacity can be implemented
as much as possible.

[0013] In an optional implementation, the method further includes: before the n information bit sequences are
obtained, obtaining channel quality corresponding to n MIMO layers.

[0014] In an optional implementation, the method further includes: sending a parameter of the first channel
encoding. The parameter of the first channel encoding may be used for decoding at the receive end side, which helps
improve decoding efficiency at the receive end side.

[0015] In an optional implementation, the parameter of the first channel encoding includes at least one of the
following: a length of the first encoded sequence, a length of each of the n information bit sequences, and an encoding
bit rate for performing the first channel encoding on each of the n information bit sequences.

[0016] According to a second aspect, an embodiment of this application provides a decoding method, including:
obtaining n to-be-decoded sequences on antenna ports, where the n to-be-decoded sequences have a same length, n is
a quantity of antenna ports, and n is a positive integer greater than 1; and decoding the n to-be-decoded sequences
based on first channel encoding and a polar encoding matrix, to obtain n information bit sequences. Correspondingly
encoding device, configured to perform the two-level encoding scheme at the transmit end side, and corresponding
decoding device, configured to perform decoding in reverse based on the first channel encoding and the polar encoding

matrix at the receive end side, help improve decoding performance.

[0017] In an optional implementation, the first channel encoding may take an encoding such as low density

parity check (low density parity check, LDPC), parallel concatenated convolutional code (Turbo code), or BCH code
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(bose—chaudhuri—-hocquenghem code, BCH).

[0018] In an optional implementation, the polar encoding matrix is a 2™ X 2™ matrix, and n is less than or
equal to 2™, and m is a positive integer. Optionally, a value of m may meet the following condition: 2™ <n <
2m,

[0019] In an optional implementation, the decoding the n to-be-decoded sequences based on first channel
encoding and a polar encoding matrix includes: if n is equal to 2™, decoding the n to-be-decoded sequences based on
the first channel encoding and the polar encoding matrix; or if n is less than 2™, decoding the n to-be-decoded
sequences based on the first channel encoding and a submatrix of the polar encoding matrix, where the submatrix is a

n X n matrix.

[0020] In this embodiment of this application, a quantity of to-be-decoded sequences is not limited to that n is

a power of 2, so that adaptable scenarios can be extended and more flexible channel decoding can be implemented.

[0021] In an optional implementation, each row in the polar encoding matrix corresponds to one polar channel;
and if n is less than 2™, reliability of n polar channels corresponding to the submatrix is higher than reliability of

remaining 2™-n polar channels of 2™ polar channels.

[0022] In an optional implementation, better channel quality of multiple input multiple output MIMO layers
corresponding to the to-be-decoded sequences indicates better reliability of polar channels corresponding to the to-
be-decoded sequences.

[0023] In an optional implementation, the method further includes: sending channel quality corresponding to n
MIMO layers. This facilitates an adaptation to the MIMO layers by outputting the second encoded sequences at the
transmit end side, so that transmission with a maximum channel capacity is implemented as much as possible.
[0024] In an optional implementation, the method further includes: obtaining a parameter of the first channel
encoding. This helps improve decoding efficiency at the receive end side.

[0025] In an optional implementation, the parameter of the first channel encoding includes at least one of the
following: a length of each of the n information bit sequences, an encoding bit rate for performing the first channel
encoding on each of the n information bit sequences, and an encoding length of performing the first channel encoding
on each of the n information bit sequences.

[0026] According to a third aspect, an embodiment of this application provides a communication apparatus,
including: a processing module, configured to obtain n information bit sequences, where n is a quantity of antenna
ports, and n is a positive integer greater than 1; perform first channel encoding on the n information bit sequences to
obtain n first encoded sequences, where the n first encoded sequences have a same length; generate n second encoded
sequences based on a polar encoding matrix and the n first encoded sequences; and a communication module,
configured to output the n second encoded sequences.

[0027] In a two-level encoding scheme, independent first channel encoding is first performed on different
information bit sequences, and then a polarization operation is performed on a plurality of encoded sequences obtained
after the first channel encoding, thereby improving encoding performance.

[0028] In an optional implementation, the first channel encoding may take an encoding such as low density
parity check (low density parity check, LDPC), parallel concatenated convolutional code (Turbo code), or BCH code
(bose—chaudhuri—hocquenghem code, BCH).

[0029] In an optional implementation, the polar encoding matrix is a 2™ X 2™ matrix, and n is less than or
equal to 2™, and m is a positive integer. Optionally, a value of m may meet the following condition: 2™ < n <

2m,
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[0030] In an optional implementation, the processing module is further configured to: if n is equal to 2™,
perform bit block-based polar encoding on the n first encoded sequences based on the polar encoding matrix, to
generate the n second encoded sequences; or if n is less than 2™, generate the n second encoded sequences based on

a submatrix of the polar encoding matrix and the n first encoded sequences, where the submatrix isa n X n matrix.

[0031] In this embodiment of this application, a quantity of sequences for performing bit block-based polar
encoding is not limited to that n is a power of 2, so that adaptable scenarios can be extended and more flexible channel
encoding can be implemented.

[0032] In an optional implementation, each row in the polar encoding matrix corresponds to one polar channel;
and if n is less than 2™, reliability of n polar channels corresponding to the submatrix is higher than reliability of
remaining 2™-n polar channels of 2™ polar channels. A corresponding polar encoding matrix is transformed based
on polar channel reliability, and a polar channel with relatively high reliability is retained, which helps improve
encoding performance.

[0033] In an optional implementation, better channel quality of multiple input multiple output MIMO layers
corresponding to the second encoded sequences indicates better reliability of polar channels corresponding to the
second encoded sequences. After the polarization operation, corresponding bitstreams are adapted to MIMO layers
having different channel quality levels, so that transmission with a maximum channel capacity can be implemented
as much as possible.

[0034] In an optional implementation, the processing module is further configured to: before the n information
bit sequences are obtained, obtain, by using the communication module, channel quality corresponding to n MIMO
layers.

[0035] In an optional implementation, the communication module is further configured to send a parameter of
the first channel encoding. The parameter of the first channel encoding may be used for decoding at the receive end
side, which helps improve decoding efficiency at the receive end side.

[0036] In an optional implementation, the parameter of the first channel encoding includes at least one of the
following: a length of the first encoded sequence, a length of each of the n information bit sequences, and an encoding
bit rate for performing the first channel encoding on each of the n information bit sequences.

[0037] According to a fourth aspect, an embodiment of this application provides a communication apparatus,
including: a communication module, configured to obtain n to-be-decoded sequences, where the n to-be-decoded
sequences have a same length, n is a quantity of antenna ports, and n is a positive integer greater than 1; a processing
module, configured to decode the n to-be-decoded sequences based on first channel encoding and a polar encoding
matrix, to obtain n information bit sequences. Correspondingly encoding device, configured to perform the two-level
encoding scheme at the transmit end side, and corresponding decoding device, configured to perform decoding in
reverse based on the first channel encoding and the polar encoding matrix at the receive end side, help improve
decoding performance.

[0038] In an optional implementation, the first channel encoding may take an encoding such as low density
parity check (low density parity check, LDPC), parallel concatenated convolutional code (Turbo code), or BCH code
(bose—chaudhuri-hocquenghem code, BCH).

[0039] In an optional implementation, the polar encoding matrix is a 2™ X 2™ matrix, and n is less than or
equal to 2™, and m is a positive integer. Optionally, a value of m may meet the following condition: 2™ <n <
2m.

[0040] In an optional implementation, the processing module is further configured to: if n is equal to 2™,
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decode the n to-be-decoded sequences based on the first channel encoding and the polar encoding matrix; or if n is
less than 2™, decode the n to-be-decoded sequences based on the first channel encoding and a submatrix of the polar

encoding matrix, where the submatrix isa n X n matrix.

[0041] In this embodiment of this application, a quantity of to-be-decoded sequences is not limited to that n is

a power of 2, so that adaptable scenarios can be extended and more flexible channel decoding can be implemented.
[0042] In an optional implementation, each row in the polar encoding matrix corresponds to one polar channel;
and if n is less than 2™, reliability of n polar channels corresponding to the submatrix is higher than reliability of
remaining 2™-n polar channels of 2™ polar channels.

[0043] In an optional implementation, better channel quality of multiple input multiple output MIMO layers
corresponding to the to-be-decoded sequences indicates better reliability of polar channels corresponding to the to-
be-decoded sequences.

[0044] In an optional implementation, the communication module is further configured to obtain a parameter
of the first channel encoding. This helps improve decoding efficiency at the receive end side.

[0045] In an optional implementation, the parameter of the first channel encoding includes at least one of the
following: a length of each of the n information bit sequences, an encoding bit rate for performing the first channel
encoding on each of the n information bit sequences, and an encoding length of performing the first channel encoding
on each of the n information bit sequences.

[0046] According to a fifth aspect, an embodiment of this application provides a communication apparatus,
including a processor, where the processor is coupled to a memory, the memory is configured to store a computer
program or instructions, and the processor is configured to execute the computer program or the instructions, to
implement the method in the first aspect or the second aspect. The memory may be located inside or outside the
apparatus. There are one or more processors.

[0047] According to a sixth aspect, an embodiment of this application provides a communication apparatus,
including: a logic circuit and an input/output interface, where the logic circuit is configured to obtain n information
bit sequences, and perform first channel encoding on the n information bit sequences to obtain n first encoded
sequences, where the n first encoded sequences have a same length, n is a quantity of antenna ports, and n is a positive
integer greater than 1; and the logic circuit is further configured to generate n second encoded sequences based on a
polar encoding matrix and the n first encoded sequences; and the input/output interface is configured to output the n
second encoded sequences.

[0048] According to a seventh aspect, an embodiment of this application provides a communication apparatus,
including: a logic circuit and an input/output interface, where the input/output interface is configured to obtain n to-
be-decoded sequences, where the n to-be-decoded sequences have a same length, n is a quantity of antenna ports, and
n is a positive integer greater than 1; and the logic circuit is configured to decode the n to-be-decoded sequences based
on first channel encoding and a polar encoding matrix, to obtain n information bit sequences.

[0049] According to an eighth aspect, this application provides a communication apparatus, including: a
processor and an interface circuit, where the interface circuit is configured to communicate with another apparatus,
and the processor is configured to implement the method in the first aspect or the second aspect.

[0050] According to a ninth aspect, this application provides a communication system, including: a network
device configured to implement the method in the first aspect or the second aspect, and a terminal device configured

to implement the method in the second aspect or the first aspect.
[0051] According to a tenth aspect, this application further provides a chip system, including: a processor,
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configured to implement the method in the first aspect or the second aspect.

[0052] According to an eleventh aspect, this application further provides a computing program product,
including computer-executable instructions. When the computer-executable instructions are run on a computer, the

method in the first aspect or the second aspect is enabled to be implemented.

[0053] According to a twelfth aspect, this application further provides a computer-readable storage medium.
The computer-readable storage medium stores a computer program or instructions. When the instructions are run on

a computer, the method in the first aspect or the second aspect is implemented.

[0054] For technical effects that can be achieved in the fifth aspect to the twelfth aspect, refer to descriptions of
technical effects that can be brought by the corresponding technical schemes in the first aspect to the second aspect.

Details are not described herein again.

BRIEF DESCRIPTION OF DRAWINGS

[0055] FIG. 1 is a schematic diagram of a process for encoding a polar code;

[0056] FIG. 2 is a schematic diagram of a communication architecture of a MIMO channel;
[0057] FIG. 3 is a schematic flowchart of an encoding and decoding scheme;

[0058] FIG. 4 is a schematic flowchart of another encoding and decoding scheme;

[0059] FIG. 5 is a schematic diagram of an architecture of a communication system according to an embodiment

of this application;

[0060] FIG. 6 is a schematic diagram of interaction between a transmit end and a receive end according to an

embodiment of this application;

[0061] FIG. 7 is a schematic flowchart of an encoding method and a decoding method according to an

embodiment of this application;

[0062] FIG. 8a is a first schematic diagram of an encoding and decoding procedure according to an embodiment

of this application;

[0063] FIG. 8b is a first schematic diagram of polarization at different MIMO layers according to an

embodiment of this application;

[0064] FIG. 9a is a second schematic diagram of an encoding and decoding procedure according to an

embodiment of this application;

[0065] FIG. 9b is a second schematic diagram of polarization at different MIMO layers according to an

embodiment of this application;

[0066] FIG. 10 is a third schematic diagram of polarization at different MIMO layers according to an
embodiment of this application;

[0067] FIG. 11 is a schematic diagram of comparison between frame error rates according to an embodiment of
this application;

[0068] FIG. 12 is a first schematic diagram of a structure of a communication apparatus according to an
embodiment of this application;

[0069] FIG. 13 is a second schematic diagram of a structure of a communication apparatus according to an

embodiment of this application; and

[0070] FIG. 14 is a third schematic diagram of a structure of a communication apparatus according to an
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embodiment of this application.

DESCRIPTION OF EMBODIMENTS

[0071] Embodiments of this application may be applied to a wireless communication network, for example, a
4th generation (4th generation, 4G) network, a 5th generation (5th generation, 5G) network, or a future network. The

following further describes this application in detail with reference to the accompanying drawings.

[0072] Some terms in this application are first described so as to help a person skilled in the art have a better

understanding.
[0073] (1) Polar code

[0074] Polar (polar) code encoding is a channel encoding scheme that can be strictly proved to achieve a channel
capacity, and has characteristics such as high performance, low complexity, and flexible matching. Currently, it has
been determined by a 3rd generation partnership project (3rd generation partnership project, 3GPP) as a control
channel encoding scheme for a 5G control channel enhanced mobile broadband (enhanced mobile broadband, eMBB)

scenario.

[0075] Refer to FIG. 1. FIG. 1 shows a typical process for encoding a polar code with a length of 8. To-be-
encoded bits are classified into two types: frozen bits (frozen) and information bits (data), based on their respective
reliability. Generally, a bit with relatively high reliability is set as an information bit (data), a bit with relatively low
reliability is set as a frozen bit (frozen), and a value of the frozen bit is generally set to 0, which is known to both a
transmit end and a receive end in actual transmission. An encoding length shown in FIG. 1 is 8 bits (bits), and it is
shown that {ug,ui,u,us} is a location of a frozen bit, and {us,us,us,u7} is a location of an information bit. Each circle
in each row represents an exclusive OR operation (or referred to as addition modulo 2) between a bit in the row in

which the circle is located and a row reached by the circle, and a bit on the right side of the circle is a sum result.
[0076] (2) Polar encoding matrix

[0077] The polar encoding matrix may also be referred to as a generator matrix Gy, or may be denoted as G.

F2®(10g2(N)). F2®(1032(N))

Gy isa N X N matrix, and Gy = is defined as a Kronecker (Kronecker) product of log,N

matrices of F,. The above matrix F, = H (1)] A process of the polar encoding may also be represented as: x)¥ =

ulGy. ul' is a 1xN row vector, and the row vector can be represented by transposition of an Nx1 column vector in

the formula. u) = (uy, uy, ..., uy), where N is the encoding length, and N is an integer greater than or equal to 1.

[0078] In one manner, u; is a bit before encoding, and i is an integer between 1 and N. ul includes

information bits and/or frozen bits. To be specific, u; may be information bits or frozen bits. For example,

corresponding to the process of the polar encoding shown in FIG. 1, it may be represented as:

1071 110000000
0f[11000000
0f[10100000
u;| (11110000
0f[]|10001000
us| (11001100
ug| (10101010
[, 11111111

x§ = u8Gg=

where u$ is a 1x8 row vector, and the row vector is represented by transposition of an 8x1 column vector

in the formula.
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[0079] In another manner, alternatively, u; may be a bit sequence (or a bit block) before encoding, and i is an
integer between 1 and N. One bit sequence may include one or more bits. The foregoing another manner may also be
referred to as bit block-based polar encoding. In other words, bit block-based polar encoding may be implemented in
the foregoing another manner.

[0080] (3) Multiple input multiple output (multiple input multiple output, MIMO) technology

[0081] MIMO, an abstract mathematical model, describes multi-antenna wireless communication. A plurality
of antennas are arranged at both the transmit end and the receive end, so that signals are transmitted and received
through the plurality of antennas at the transmit end and the receive end. To be specific, a plurality of antennas are
configured at the transmit end to transmit signals independently. In addition, a plurality of antennas are configured at
the receive end to receive and restore original information. The MIMO technology can greatly improve the channel
capacity and can effectively improve spectral efficiency. MIMO may also be understood as a multi-antenna technology.
Let M, is a quantity of transmit antennas, M, is a quantity of receive antennas, and a channel matrix H is also a
M, X M, matrix. Common antenna configurations include, such as 1 X 2, 2 X 2, 2X 4, 4 X 2, and 4 X 4, which
constitute MIMO channels such as 1 X2, 2X 2, 2X 4, 4 X 2,and 4 X 4. In embodiments of this application, the
quantity of the transmit antennas, M;, may also be understood as a quantity of antenna ports at the transmit end. In
addition, the quantity of the receive antennas, M,, may be understood as a quantity of antenna ports at the receive
end. An antenna port is a logical concept. An antenna port (antenna port) may be a physical antenna, or may be a
combination of a plurality of physical antennas. In addition, in a broad sense, single input single output (single input
single output, SISO), single input multiple output (single input multiple output, SIMO), and multiple input single
output (multiple input single output, MISO) may also be considered as special cases of MIMO.

[0082] The transmit end outputs a plurality of bitstreams to the antenna port. The plurality of bitstreams are
transmitted over the MIMO channel. The receive end receives the bitstreams on the antenna port. Different bitstreams
may correspond to different MIMO layers. It may be understood that a quantity of the MIMO layers depends on a
quantity of the bitstreams, and a quantity of the bitstreams is consistent with a quantity of information bit sequences
on which channel encoding needs to be performed at the transmit end side. The quantity of the bitstreams is less than
or equal to a smaller value of the quantity of the antenna ports at the transmit end side and the quantity of the antenna
ports at the receive end side. For example, a 4x2 MIMO channel is used as an example, a quantity of bitstreams may
be 2 or 1, and a quantity of MIMO layers may be consistent with the quantity of bitstreams, and both are 2 or 1.
Alternatively, a 2x4 MIMO channel is used as an example, a quantity of bitstreams may be 2 or 1, and a quantity of
MIMO layers may be consistent with the quantity of bitstreams, and both are 2 or 1. In embodiments of this application,
a bitstream may also be understood as a related encoded sequence. For example, a transmitted sequence at the transmit
end side is a second encoded sequence, and a received sequence at the receive end side is a to-be-decoded sequence.
For example, referring to a communication architecture of a 2xX2 MIMO channel shown in FIG. 2, Tx represents the

transmit end, Rx represents the receive end, and a mathematical model of the 2Xx2 MIMO is shown as:
h hio]1x n
R [ [ R 0
V2 h21 hzz X2 n,
X171 . L. . Y11 . .. . ny .
where x = [Xz] is a transmit information vector, y = [)’2] is a receive information vector, n = [nz] is

h12

h ] is a channel matrix of 2X2, and h;; is a channel fading coefficient from the transmit
22

. hyq
a noise vector, H:[h
21

antenna i to the receive antenna j.

[0083] The relationship between received data and transmitted data may be expressed as:

y=Hx+n 2)
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[0084] (4) Multi-user detection (multi-user detection, MUD)

[0085] The MUD technology is a scheme that can both effectively eliminate multiple access interference
(multiple access interference, MAI) and resist a near-far effect, thereby improving system performance.
Conventionally, a receive end detects a single user. The disadvantage is that when detecting a user, the known
information of other users is not used. The basic problem to be solved by the MUD technology is to make full use of
information of all users who cause mutual interference based on a conventional detection technology. To be specific,
a signal of another user other than a current user is processed as a useful signal instead of interfering signal, thereby
improving performance of detecting a specific user.

[0086] An optimal multi-user detector is a maximum likelihood (maximum likelihood, ML) detector, which has
excellent performance but huge complexity, and is impossible to achieve in practical engineering. Therefore, the main
research direction of the MUD mainly focuses on sub-optimal multi-user detectors. Common multi-user detectors
include: a zero forcing (zero forcing, ZF) detector, a minimum mean square error (minimum mean square error, MMSE)
detector, a successive interference cancellation (successive interference cancellation, SIC) detector, a parallel
interference cancellation (parallel interference cancellation, PIC) detector, a minimum mean square error-successive
interference cancellation MMSE-SIC detector, a minimum mean square error-parallel interference cancellation
MMSE-PIC detector, and the like.

[0087] (5) In embodiments of this application, a plurality of means two or more. The term "and/or" describes
an association relationship for describing associated objects and represents that three relationships may exist. For
example, A and/or B may represent the following three cases: only A exists, both A and B exist, and only B exists. The
character "/" generally indicates an "or" relationship between the associated objects. In addition, it should be
understood that although terms such as "first" and "second" may be used in embodiments of the present invention to
describe objects, these objects are not limited by these terms. These terms are merely used to distinguish the objects
from each other.

[0088] (6) Terms "including", "having", and any other variant thereof mentioned in descriptions of embodiments
of this application are intended to cover a non-exclusive inclusion. For example, a process, a method, a system, a
product, or a device that includes a series of steps or units is not limited to the listed steps or units, but optionally
further includes other unlisted steps or units, or optionally further includes another inherent step or unit of the process,
the method, the product, or the device. It should be noted that, in embodiments of this application, the terms such as
"example" or "for example" are used to represent giving an example, an illustration, or a description. Any embodiment
or design scheme described as an "example" or "for example" in embodiments of this application should not be
explained as being more preferred or having more advantages than another embodiment or design scheme. Exactly,
use of the terms such as "example" or "for example" is intended to present a relative concept in a specific manner.
[0089] The following briefly describes related encoding and decoding technologies.

[0090] Technical scheme 1: Refer to FIG. 3. FIG. 3 is a schematic flowchart of an encoding and decoding
scheme. At the transmit end, channel encoding (channel encode) is performed on a complete long bitstream. An
encoded codeword is interleaved (interleave) and divided into a plurality of sub-streams, and these sub-streams are
sent to the MIMO channel (FIG. 3 illustrates a 4x4 MIMO channel) for transmission. At the receive end, the bitstreams
are first detected by a MIMO detector (detector), and then detected sequences of the bitstreams are combined and the
combined bitstreams are de-interleaved (de-interleave) to be sent into a channel decoder (channel decoder).

[0091] Because channel encoding is performed on the complete long bitstream, corresponding bit rates during

channel encoding are adapted by using an SNR selected. Generally, an average SNR of the MIMO channel is used for
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adaptation. However, actually, SNRs of individual MIMO layers are different, and sub-streams from a same large code
(to be specific, the foregoing complete long bitstream) are transmitted at all MIMO layers, resulting in a loss of
encoding and decoding performance.

[0092] Technical scheme 2: Refer to FIG. 4. FIG. 4 is a schematic flowchart of another encoding and decoding
scheme. At the transmit end, channel encoding is separately performed on a plurality of sub-streams obtained by
dividing the long bitstream, and then a plurality of encoded codewords are sent to the MIMO channel for transmission.
At the receive end, the individual streams are first detected by a MIMO detector (detector), and then detected streams
are sent into a corresponding channel decoder for decoding, to obtain corresponding decoded sub-streams.

[0093] When channel encoding is performed on the plurality of sub-streams, bit rates of channel encoding
corresponding to different sub-streams may be adapted by using SNRs of different layers of the MIMO channel. For
example, a bitstream with a higher SNR may correspond to a higher bit rate, and a bitstream with a lower SNR may
correspond to a lower bit rate. Compared with Technical scheme 1, this scheme can avoid a loss of encoding and
decoding performance caused by using the average SNR to adapt the bit rates. However, an encoding length of each
bitstream is relatively short, resulting another performance loss, for example, a relatively poor encoding gain.
[0094] Based on this, embodiments of this application provide an encoding method and a decoding method. At
a transmit end, first channel encoding is separately performed on a plurality of bitstreams, and a plurality of codewords
obtained after the first channel encoding are re-encoded based on a polar encoding matrix for transmission. At a receive
end, corresponding channel decoding is performed. Therefore, the encoding and decoding performance can be
improved.

[0095] Embodiments of this application may be applied to a plurality of wireless communication fields that
require channel encoding. For example, the foregoing wireless communication field may include but is not limited to
a 5G communication system, a future communication system (such as a 6G communication system), a satellite
communication system, a device-to-device (device-to-device, D2D) communication system, a machine to machine
(machine to machine, M2M) communication system, an Internet of Things (internet of things, IoT), a drone
communication system, a narrow band-Internet of Things (narrow band-internet of things, NB-IoT) system, a global
system for mobile communications (global system for mobile communications, GSM), an enhanced data rate for GSM
evolution (enhanced data rate for GSM evolution, EDGE) system, a wideband code division multiple access
(wideband code division multiple access, WCDMA) system, a code division multiple access 2000 (code division
multiple access 2000, CDMA2000) system, a time division-synchronization code division multiple access (time
division-synchronization code division multiple access, TD-SCDMA) system, a long term evolution (long term
evolution, LTE) system, and three application scenarios for a 5G mobile communication system: eMBB, ultra reliable
low latency communication (ultra reliable low latency communication, URLLC), and massive machine-type
communications (massive machine-type communications, mMTC).

[0096] With reference to FIG. 5, the following describes a communication system to which an encoding and
decoding method provided in an embodiment of this application is applicable. Referring to an architecture of a
communication system shown in FIG. 5, the communication system includes a transmit end 501 and a receive end
502. The transmit end 501 may be a network device or a terminal device, and the receive end 502 may be a network
device or a terminal device. Optionally, when the transmit end 501 is a network device, the receive end 502 may be a
terminal device. When the receive end 502 is a network device, the transmit end 501 may be a terminal device. For

example, FIG. 5 shows that the transmit end 501 is a terminal device, and the receive end 502 is a network device.

[0097] The terminal device may also be referred to as user equipment (user equipment, UE) or a station (station,
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STA), an access terminal, a terminal unit, a terminal station, a mobile station, a mobile console, a remote station, a
remote terminal, a mobile device, a mobile terminal, a terminal, a wireless communication device, a terminal agent,
or a terminal apparatus, or the like. For example, the terminal device may be a cellular phone, a cordless phone, a
session initiation protocol (session initiation protocol, SIP) phone, a wireless local loop (wireless local loop, WLL)
station, a personal digital assistant (personal digital assistant, PDA), a handheld device with a wireless communication
function, a computing device, or another processing device connected to a wireless modem, an entire vehicle, an in-
vehicle device or an in-vehicle module, a terminal device in a 5G network, or a terminal device in a future evolved
PLMN network, or the like. Alternatively, the terminal device may be: a mobile phone (mobile phone), a tablet
computer, a notebook computer, a handheld 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 smart grid (smart grid), a wireless
terminal in transportation safety (transportation safety), a wireless terminal in a smart city (smart city), or a wireless
terminal in a smart home (smart home), a drone, a balloon, an aircraft, a satellite, or the like.

[0098] The network device may also be referred to as an access network device, a base station, a relay station
or an access node (access node, AN), a wireless access point (access point, AP), or the like. For example, the network
device may be a base transceiver station (base transceiver station, BTS) in a global system for mobile communications
(global system for mobile communications, GSM) or a code division multiple access (code division multiple access,
CDMA) network. Alternatively, it may be an NB (NodeB) in a wideband code division multiple access (wideband
code division multiple access, WCDMA) network, or may be eNB or eNodeB (evolved NodeB) in a long term
evolution (long term evolution, LTE) system. Alternatively, the network device may be a radio controller in a cloud
radio access network (cloud radio access network, CRAN) scenario. Alternatively, the network device may be a base
station device in a 5G network or a network device in a future evolved PLMN network. Alternatively, the network

device may be a wearable device or an in-vehicle device.

[0099] Further, refer to FIG. 6. FIG. 6 is a schematic diagram of interaction between a transmit end and a receive
end. A source of the transmit end is transmitted over a channel after sequential source encoding, channel encoding,
rate matching, and modulation. After receiving the signal, the receive end obtains a sink through demodulation, rate
de-matching, channel decoding, and source decoding. The channel in this embodiment of this application is a MIMO
channel. The encoding method provided in this embodiment of this application may be deployed in a channel encoding
phase on a transmit end side. The decoding method provided in this embodiment of this application may be deployed
in a channel decoding phase on a receive end side. The following describes in detail an encoding method and a
decoding method provided in this application.

[00100] Refer to FIG. 7. FIG. 7 is a procedure of an encoding method and a decoding method. The encoding
method is performed at a transmit end, and the decoding method is performed at a receive end. The procedure mainly
includes the following steps.

[00101] S701: The transmit end obtains n information bit sequences.

[00102] The information bit sequences may also be referred to as to-be-encoded sequences, bitstreams, or the
like. Different information bit sequences may have same or different lengths. Alternatively, it may be understood that
each information bit sequence may include one or more bits, and different information bit sequences may include

same or different quantities of bits.

[00103] Optionally, a quantity of bits included in each of the n information bit sequences may be determined by
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channel quality corresponding to each MIMO layer. In an optional implementation, a correspondence between an SNR
of each MIMO layer and an information bit sequence may be set. Lengths of different information bit sequences are
determined based on the correspondence. An information bit sequence corresponding to a low SNR is short, and an
information bit sequence corresponding to a high SNR is long. In another optional implementation, a difference
between lengths of the n information bit sequences may be determined based on a difference between SNRs of all the
MIMO layers. A length of each information bit sequence is configured based on the difference. For example, a ratio
between lengths of the n information bit sequences is configured based on the difference between SNRs of all the
MIMO layers.

[00104] Optionally, the channel quality corresponding to each MIMO layer may be determined by the receive
end based on a MIMO detection process. For example, the receive end obtains a plurality of bitstreams (or sequences)
through MIMO detection, and determines, based on the plurality of bitstreams, an SNR of a MIMO layer
corresponding to each bitstream. The receive end may feed back the channel quality (for example, SNR) determined
by the receive end and corresponding to each MIMO layer (or referred to as each sub-channel) to the transmit end. In
an optional implementation, before n information bit sequences are obtained, the transmit end may first obtain channel
quality fed back by the receive end, and then determine a length of each information bit sequence based on the channel

quality fed back by the receive end.

[00105]  S702: The transmit end performs first channel encoding on the n information bit sequences to obtain n
first encoded sequences, where the n first encoded sequences have a same length, and n is a positive integer greater
than 1.

[00106] Optionally, the first channel encoding may be low density parity check (low density parity check, LDPC),
parallel concatenated convolutional code (Turbo code), BCH code (bose—chaudhuri—hocquenghem code, BCH), or
another encoding scheme.

[00107] Optionally, the transmit end may further send a parameter of the first channel encoding to the receive
end. For example, the transmit end sends related messages to the receive end. The related messages may include a
message about the parameter of the first channel encoding. Alternatively, the related messages include indication
information indicating the parameter of the first channel encoding. The parameter of the first channel encoding may
be used for decoding at the receive end side.

[00108] Optionally, the parameter of the first channel encoding includes at least one of the following: a length of
each of the n information bit sequences, an encoding bit rate for performing the first channel encoding on each of the
n information bit sequences, and an encoding length of performing the first channel encoding on each of the n
information bit sequences. In addition, the parameter of the first channel encoding may further include another
parameter that can represent the scheme of the first channel encoding. This is not limited in this embodiment of this
application.

[00109]  S703: The transmit end generates n second encoded sequences based on a polar encoding matrix and the
n first encoded sequences.

[00110]  Optionally, the polar encoding matrix may represent a matrix having a size of 2™ X 2™, where n is less
than or equal to 2™, and m is a positive integer. Further, n may be set to be greater than 2™~1. For example, if n is
not a positive integer to the power of 2, a value of m may meet the following condition: n < 2™, or 2™~1 <n< 2™,
or m> [log, n]. If n is a positive integer to the power of 2, then n = 2™, or m = log, n. In addition, optionally, in
other words, the polar encoding matrix may alternatively represent a matrix having a size of 218271 x 20108271 where

[-] represents a round-up operator.

12



10

15

20

25

30

35

40

[00111] Optionally, that the transmit end generates the n second encoded sequences may be implemented with
reference to the following Manner 1 or Manner 2.

[00112] Manner 1: if n is equal to 2™, the transmit end performs bit block-based polar encoding on the n first
encoded sequences based on the polar encoding matrix, to generate the n second encoded sequences.

[00113] Manner 2: if n is less than 2™, the transmit end generates the n second encoded sequences based on a
submatrix of the polar encoding matrix and the n first encoded sequences, where the submatrix isa n X n matrix.
[00114] Optionally, in Manner 2, each row in the polar encoding matrix corresponds to one polar channel. If n is
less than 2™, reliability of n polar channels corresponding to the submatrix is higher than reliability of remaining
2™—n polar channels of 2™ polar channels.

[00115]  Optionally, a manner that the transmit end generates the n second encoded sequences in Manner 2 may
be: The transmit end performs bit block-based polar encoding on the n first encoded sequences based on the submatrix
of the polar encoding matrix, to generate the n second encoded sequences.

[00116] Optionally, encoders may be deployed at the transmit end side, for example, may be referred to as polar-
type codes (polar-type codes). The encoders include outer code encoder (outer codes) and inner code encoder (inner
codes). The outer code encoder is responsible for implementing the foregoing first channel encoding. Corresponding
to the n information bit sequences, the outer code encoder may include n channel encoders, to independently
implement the first channel encoding on the n information bit sequences. The n channel encoders separately output
the first encoded sequences to the inner code encoder, and the inner code encoder is responsible for implementing bit
block-based polar encoding on the n first encoded sequences to generate n second encoded sequences. The foregoing
implementations related to bit block-based polar encoding are described in detail in subsequent Example 1 to Example
3.

[00117]  S704: The transmit end transmits the n second encoded sequences to a MIMO channel between the
transmit end and the receive end for transmission.

[00118] Optionally, the MIMO channel between the transmit end and the receive end may be represented as a
MIMO channel of M; x M,. M, may represent the quantity of antennas (antenna ports) of the transmit end, and
M, may represent the quantity of antennas (antenna ports) of the receive end. Both M, and M, are positive integers.
Optionally, values of M, and M, may be the same or different.

[00119]  In an optional implementation, if n is equal to M,, the transmit end may output the n second encoded
sequences to the n antenna ports.

[00120]  In another optional implementation, if n is not equal to M,, the transmit end may perform precoding on
the n second encoded sequences to obtain M, third encoded sequences, and then output the M, third encoded
sequences to M, antenna ports. The precoding processing may be implemented based on a precoding matrix.
[00121]  For example, FIG. S704 shows a case in which n is equal to M,, as shown in S704: the transmit end
outputs n second encoded sequences, and the n second encoded sequences are transmitted to the receive end over the
MIMO channel.

[00122]  Optionally, each MIMO bitstream (for example, the foregoing second encoded sequence) may use a
same or different rate matching schemes. This is not limited in this embodiment of this application. A bit rate of a
bitstream (for example, the second encoded sequence) corresponding to each MIMO channel cannot exceed a

maximum capacity of the channel.

[00123]  Optionally, for each of the n second encoded sequences, better channel quality of MIMO layers
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corresponding to the second encoded sequences indicates better reliability of polar channels corresponding to the

second encoded sequences.

[00124]  S705: The receive end may obtain M, to-be-decoded sequences, for example, obtain to-be-decoded
sequences through M, antenna ports. M, may be n or not be n, and M, may be the same as or different from a
value of M,. The M, to-be-decoded sequences have a same length. As shown in FIG. 7, when M, is n, the receive

end specifically obtains n to-be-decoded sequences.

[00125]  The to-be-decoded sequences obtained by the receive end at the antenna port may also be referred to as
received sequences. The to-be-decoded sequences may alternatively be understood as second encoded sequences
received by the receive end based on the antenna port. It should be noted that, the quantity of second encoded
sequences received by the receive end based on the antenna port and the quantity of second encoded sequences output
by the transmit end to the antenna port may be the same or different, depending on whether the quantities of antenna
ports of the transmit end and the receive end are the same. In other words, it depends on whether a quantity of transmit
antennas and a quantity of receive antennas corresponding to the MIMO channel are the same. For example, if the
transmit end and the receive end have the same quantity of antenna ports, the quantity of second encoded sequences
received by the receive end based on the antenna ports is the same as the quantity of second encoded sequences output
by the transmit end to the antenna ports. If the transmit end and the receive end have different quantity of antenna
ports, the quantity of second encoded sequences received by the receive end based on the antenna ports is different

from the quantity of second encoded sequences output by the transmit end to the antenna ports.

[00126] S706: The M, to-be-decoded sequences are decoded based on first channel encoding and a polar
encoding matrix, to obtain n information bit sequences. As shown in FIG. 7, when M, is n, the receive end
specifically decodes n to-be-decoded sequences, to obtain n information bit sequences.

[00127] 1In an optional implementation, the M, to-be-decoded sequences may be decoded in the following
manner. First, the M, to-be-decoded sequences are detected to obtain n to-be-decoded sequences (corresponding to
n second encoded sequences at the transmit end side). The n to-be-decoded sequences are then decoded, based on the
first channel encoding and the polar encoding matrix, to obtain n information bit sequences. In another optional
implementation, the M, to-be-decoded sequences may be decoded in the following manner. Through both the
detecting and the decoding processes, the n second encoded sequences are detected and decoded, based on the first
channel encoding and the polar encoding matrix, to obtain n information bit sequences.

[00128]  According to the foregoing two implementations, optionally, a MIMO detector (detector) and a joint
decoder (joint decoder) may be deployed at the receive end side. The MIMO detector is responsible for detecting the
obtained to-be-decoded sequences, and the joint decoder is responsible for implementing the foregoing decoding
process. For example, the n to-be-decoded sequences are decoded based on the first channel encoding and the polar
encoding matrix. Alternatively, the n to-be-decoded sequences are decoded based on the first channel encoding and
the submatrix of the polar encoding matrix. In addition, it should be noted that, the MIMO detector may also work
together with the joint decoder. To be specific, they are not limited in any particular order, and it is not limited to
perform decoding only after all the obtained to-be-decoded sequences are detected. Alternatively, detecting and
decoding may be combined in a manner such as MMSE-SIC.

[00129] Optionally, for each of the n to-be-decoded sequences, better channel quality of MIMO layers
corresponding to the to-be-decoded sequences indicates better reliability of polar channels corresponding to the to-
be-decoded sequences. It should be noted that, the n to-be-decoded sequences herein are n to-be-decoded sequences

detected through MIMO.
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[00130]  Further, with respect to the first channel encoding:

[00131] Optionally, the first channel encoding may take an encoding such as low density parity check (low
density parity check, LDPC), parallel concatenated convolutional code (Turbo code), or BCH code (bose—chaudhuri—
hocquenghem code, BCH). It should be noted that the transmit end and the receive end use a same scheme of the first
channel encoding. The scheme may be negotiated or agreed by the transmit end and the receive end in advance, or the
scheme may be a predefined and specified scheme.

[00132]  Optionally, the receive end may the transmit end may further send a parameter of the first channel
encoding to the receive end. For example, the transmit end sends related messages to the receive end. The related
messages may include a message about the parameter of the first channel encoding. Alternatively, the related messages
include indication information indicating the parameter of the first channel encoding. The parameter of the first
channel encoding may be used for decoding at the receive end side.

[00133]  Optionally, the parameter of the first channel encoding includes at least one of the following: a length of
each of the n information bit sequences, an encoding bit rate for performing the first channel encoding on each of the
n information bit sequences, and an encoding length of performing the first channel encoding on each of the n
information bit sequences. In addition, the parameter of the first channel encoding may further include another
parameter that can represent the scheme of the first channel encoding. This is not limited in this embodiment of this
application.

[00134]  Further, with respect to the polar encoding matrix:

[00135]  Optionally, the polar encoding matrix may represent a matrix having a size of 2™ X 2™, where n is less
than or equal to 2™, and m is a positive integer. Further, n may be set to be greater than 2™, For example, if n is
not a positive integer to the power of 2, a value of m may meet the following condition: n < 2™, or 2m~1 <n< 2™,
or m > [log, n]. If n is a positive integer to the power of 2, then n= 2™, or m = log, n. In addition, optionally, in
other words, the polar encoding matrix may alternatively represent a matrix having a size of 2108271 x 208271 ywhere
[-] represents a round-up operator.

[00136] Optionally, that the receive end obtains n information bit sequences after decoding may be implemented
with reference to the following Manner 3 or Manner 4.

[00137] Manner 3: ifnisequalto 2™, the receive end decodes the n to-be-decoded sequences based on the first
channel encoding and the polar encoding matrix.

[00138] Manner 4: ifnis less than 2™, the receive end decodes the n to-be-decoded sequences based on the first
channel encoding and the submatrix of the polar encoding matrix, where the submatrix isa n X n matrix.

[00139]  Optionally, in Manner 4, each row in the polar encoding matrix corresponds to one polar channel. If n is
less than 2™, reliability of n polar channels corresponding to the submatrix is higher than reliability of remaining
2™-n polar channels of 2™ polar channels.

[00140]  According to the foregoing encoding and decoding method provided in this embodiment of this
application, two-level encoding is used during encoding at the transmit end. First, independent outer coding is
performed on different information bit sequences, and then a polarization operation (inner coding) continues to be
performed on output of the outer coding, thereby improving encoding and decoding performance. In addition, after
the polarization operation, corresponding bitstreams are adapted to MIMO layers having different SNR levels, so that
transmission with a maximum channel capacity can be implemented as much as possible.

[00141] The following further describes in detail the encoding method and the decoding method provided in

embodiments of this application with reference to Example 1 to Example 2. It should be noted that, the manners in
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the following Example 1 and Example 2 may be applied in combination with each other.
[00142] Example 1: n= M, = M,., where n is a positive integer to the power of 2.
[00143]  For example, when n is 2, refer to an encoding and decoding procedure shown in FIG. 8a. At the transmit
end side, first channel encoding (an outer coding operation) is separately performed on 2 information bit sequences
U, and U,, whose lengths are respectively K; and K,. After the encoding, corresponding channel encoders each
output a first encoded sequence whose length is N bits. As shown, a channel encoder | outputs a first encoded sequence
X1, and a channel encoder 2 outputs a first encoded sequence X,. Both X; and X, are N bits in length. An inner
coding operation is performed on X;, X,, to obtain 2 second encoded sequences, that is, C; and C,, where C; =
X1©X,, and C, = X,.
[00144] FIG. 8a shows an inner coding operation, that is, a scheme in Manner 1 in S703. In an inner coding
operation, the transmit end generates 2 second encoded sequences based on a polar encoding matrix of 2x2 and the 2
first encoded sequences. The process may also be represented as:
T

x? = u2G, = uiF, = i;] H (1)] = [gﬂ
[00145]  Inaddition, it should be noted that, the inner coding operation shown in FIG. 8a may also be equivalently
understood as N polar code encoding operations with an encoding length of 2 and a bit rate of 1.
[00146]  Then, the transmit end sends C; and C, tothe 2x2 MIMO channel for transmission. At the receive end,
the 2 second encoded sequences are detected by the MIMO detector, and then coded (or referred to as decoded) by
the joint decoder, to obtain information bit sequences U; and U,.
[00147]  Further, optionally, if previously for bitstreams obtained after MIMO detection at the receive end side,
SNRs of MIMO layers corresponding to different bitstreams are different. The receive end may feed back different
SNRs to the transmit end, and then the transmit end may follow the following rule when sending the plurality of
second encoded sequences (for example, C; and C,) to the MIMO channel. To be specific, a polar channel with low
reliability corresponds to a MIMO layer with a low SNR, and a polar channel with high reliability corresponds to a
channel layer with a high SNR. Refer to FIG. 8b. FIG. 8b is a schematic diagram of polarization at different MIMO
layers. It is assumed that in a 2x2 MIMO channel, the SNRs of all MIMO layers are determined through MIMO
detection at the receive end as follows: SNR; < SNR,. Reliability of the polar channel corresponding to C; <
reliability of the polar channel corresponding to C,. The values of K; and K, may be set with reference to the
relationship between SNR,, SNR,, for example, set as K; < K,.
[00148] For example, when n is 4, refer to an encoding and decoding procedure shown in FIG. 9a. At the transmit
end side, first channel encoding (an outer coding operation) is separately performed on 4 information bit sequences
U,, U,, Us, U,, whose lengths are respectively K;, K,, Kz, K,. After the encoding, corresponding channel
encoders each output a first encoded sequence whose length is N bits. As shown in FIG. 9a, a channel encoder 1
outputs a first encoded sequence X;, a channel encoder 2 outputs a first encoded sequence X,, a channel encoder 3
outputs a first encoded sequence X3, and a channel encoder 4 outputs a first encoded sequence X,. X, X5, X3, X,
are N bits in length. An inner coding operation is performed on X;, X,, X3, X,, to obtain 4 second encoded

sequences, that is, C;, C,, C3, C4, where C; = X;+X,+X5+X,

C, = X,+X,
C3 = X3t+X,
C4 = X4.

[00149] FIG. 9a shows an inner coding operation, that is, a scheme in Manner 1 in S703. In an inner coding
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operation, the transmit end generates 4 second encoded sequences based on a polar encoding matrix of 4x4 and the 4

first encoded sequences. The process may also be represented as:

))gl "1 00 0 gl
x{ =ufG, = ufF2®(1092(4)) = X; 11 (1)? 8 = C; .
xl 1 111 C,
[00150] Inaddition, it should be noted that, the inner coding operation shown in FIG. 9a may also be equivalently
understood as N polar code encoding operations with an encoding length of 4 and a bit rate of 1.
[00151]  Then, the transmit end sends C;, C,, C3, C, to the 4x4 MIMO channel for transmission. At the receive

end, the 4 second encoded sequences are detected by the MIMO detector, and then coded (or referred to as decoded)
by the joint decoder, to obtain 4 information bit sequences, represented as U,, U,, Us, U,.
[00152]

MMSE-SIC detector, a ZF detector, or a vertical bell laboratories layered space-time (vertical bell laboratories layered

Optionally, the foregoing MIMO detector may use a multi-user detector such as an MMSE detector, an

space-time, V-BLAST) detector. For example, when the MMSE detector is used, received bitstreams needs to be
detected first, to obtain detected soft information of the plurality of bitstreams. The information is sent to the joint
decoder for decoding. It should be noted that, when the MMSE-SIC detector is used, transmission with a channel
capacity can be implemented for a MIMO system.

[00153]
SNRs of MIMO layers corresponding to different bitstreams are different. The receive end may feed back different

Further, optionally, if previously for bitstreams obtained after MIMO detection at the receive end side,

SNRs to the transmit end, and then the transmit end may follow the following rule when sending the plurality of
second encoded sequences (for example, C;, C,, C5, C,)to the MIMO channel. To be specific, a channel layer with
low polar channel reliability corresponds to a MIMO layer with a low SNR, and a channel layer with high polar
channel reliability corresponds to a channel layer with a high SNR. Refer to FIG. 9b. FIG. 9b is another schematic
diagram of polarization at different MIMO layers. It is assumed that in a 4x4 MIMO channel scenario, that SNR; <
SNR, < SNR; < SNR,, is determined for MIMO layers through MIMO detection at the receive end. Reliability of
the polar channel corresponding to C; < reliability of the polar channel corresponding to C, < reliability of the

polar channel corresponding to C; < reliability of the polar channel corresponding to C,.

[00154]
between SNR;, SNR,, SNR;, SNR,, for example, set as K; < K, < K; < K,. Compared with a channel encoding

Optionally, the values of the foregoing K;, K,, K5, K, may be set with reference to the relationship

scheme in a conventional MIMO technology, bit rates of bitstreams can be adapted to SNRs of all MIMO layers,

thereby further improving system performance.
[00155]
[00156]

end side, first channel encoding (an outer coding operation) is separately performed on 3 information bit sequences

Example 2: n = M; = M,, where n is not a power of 2.

For example, when n is 3, refer to an encoding and decoding procedure shown in FIG. 10. At the transmit

U;, U,, Uj, whose lengths are respectively K;, K,, Ks. After the encoding, corresponding channel encoders each
output a first encoded sequence whose length is N bits. As shown in FIG. 9a, a channel encoder 1 outputs a first
encoded sequence X;, a channel encoder 2 outputs a first encoded sequence X, and a channel encoder 3 outputs a
first encoded sequence X3. X;, X,, X3 are N bits in length. An inner coding operation is performed on X;, X,, X3,
to obtain 3 second encoded sequences, that is, C;, C,, Cs.

[00157]

matrix having a size of 4x4 is selected for transformation. It is assumed to sort polar channels by their reliabilities.

Optionally, for a 3x3 MIMO channel scenario, in this embodiment of this application, a polar encoding

Reliability of a polar channel corresponding to a first row in the 4x4 polar encoding matrix is the worst. In this case,
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elements in a first row and a first column in the 4x4 polar encoding matrix shown in FIG. 10 (that is, elements marked
in dashed lines in FIG. 10) may be deleted, and the remaining elements form a submatrix having a size of 3x3 of the
4x4 polar encoding matrix. The transmit end may specifically perform a bit block-based polar encoding operation

based on the 3x3 submatrix in the inner coding operation. The parameters involved are as follows:

Cl = X1+X3
CZ = X2+X3
C3 = X3.

[00158] FIG. 10 shows an inner coding operation, that is, a scheme in Manner 1 in S703. In an inner coding
operation, the transmit end generates 3 second encoded sequences based on the submatrix (3x3) of the 4x4 polar

encoding matrix and the 3 first encoded sequences. The process may also be represented as:

1 0 0
010] H
1 1 1

[00159] F’ represents transformation of F2® U082(4) "and is a submatrix of F2® (og2(*) 11 addition, it should be

Xz
3

xf =ujGy = uiF’ =

noted that, the inner coding operation shown in FIG. 10 may also be equivalently understood as N polar code encoding
operations with an encoding length of 3 and a bit rate of 1.

[00160]  Then, the transmit end sends C;, C,, C3 to the MIMO channel of 3x3 for transmission. At the receive
end, the 3 second encoded sequences are detected by the MIMO detector, and then coded (or referred to as decoded)

by the joint decoder, to obtain 3 information bit sequences, represented as U;, U,, Us.

[00161] Optionally, the foregoing MIMO detector may use a multi-user detector such as an MMSE detector, an
MMSE-SIC detector, a ZF detector, or a V-BLAST detector. For example, when the MMSE detector is used, received
bitstreams needs to be detected first, to obtain detected soft information of the plurality of bitstreams. The information
is sent to the joint decoder for decoding. It should be noted that, when the MMSE-SIC detector is used, transmission
with a channel capacity can be implemented for a MIMO system.

[00162]  Further, optionally, if previously for bitstreams obtained after MIMO detection at the receive end side,
SNRs of MIMO layers corresponding to different bitstreams are different. The receive end may feed back different
SNRs to the transmit end, and then the transmit end may follow the following rule when sending the plurality of
second encoded sequences (for example, C;, C,, C3)to the MIMO channel. To be specific, a channel layer with low
polar channel reliability corresponds to a MIMO layer with a low SNR, and a channel layer with high polar channel
reliability corresponds to a channel layer with a high SNR. Refer to FIG. 8b. FIG. 8b is a schematic diagram of
polarization at different MIMO layers. For details, refer to the implementations described in FIG. 8b/FIG. 9b. Details
are not described in this embodiment of this application again.

[00163] In this embodiment of this application, a quantity of bitstreams input through inner coding is not limited
to a power of 2. Instead, a corresponding polar encoding matrix is transformed based on polar channel reliability, so
that adaptable scenarios can be extended and more flexible channel encoding can be implemented.

[00164] Inaddition, referring to FIG. 11, an embodiment of this application further provides a schematic diagram
of comparison between frame error rates. It is shown that compared with the encoding scheme of the conventional
MIMO system (for example, the foregoing technical scheme 1 and technical scheme 2), the foregoing two-level
encoding method (the outer coding operation, that is the first channel encoding; and the inner coding operation, that
is the polar encoding) according to embodiments of this application applied to the MIMO system can improve
encoding and decoding performance, bring a better performance gain, and reduce a corresponding frame error rate
(frame error rate, FER).
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[00165] Based on the same concept, referring to FIG. 12, an embodiment of this application provides a
communication apparatus 1200. The apparatus 1200 includes a processing module 1201 and a communication module
1202. The communication apparatus 1200 may be a transmit end, or may be an apparatus used in the transmit end and
capable of supporting the transmit end in performing an encoding method. Alternatively, the communication apparatus
1200 may be a receive end, or may be an apparatus used in the receive end and capable of supporting the receive end
in performing a decoding method.

[00166] The communication module may also be referred to as a transceiver module, a transceiver, a transceiver
apparatus, or the like. The processing module may also be referred to as a processor, a processing board, a processing
unit, a processing apparatus, or the like. Optionally, a component that is in the communication module and that is
configured to implement the receiving function may be considered as a receiving unit. It should be understood that
the communication module is configured to perform a sending operation and a receiving operation at the transmit end
side or the receive end side in the foregoing method embodiment. A component that is in the communication module
and that is configured to implement the sending function is considered as a sending unit. That is, the communication
module includes a receiving unit and a sending unit. When the apparatus 1200 is used at the transmit end, a receiving
unit included in the communication module 1202 of the apparatus 1200 is configured to perform a receiving operation
at the transmit end side, for example, receive channel quality of n MIMO layers from the receive end. The sending
unit included in the communication module 1202 of the apparatus 1200 is configured to perform a sending operation
at the transmit end side, for example, send a parameter of the first channel encoding to the receive end. When the
apparatus 1200 is used at the receive end, a receiving unit included in the communication module 1202 of the apparatus
1200 is configured to perform a receiving operation at the receive end side, for example, receive a parameter of the
first channel encoding from the transmit end. The sending unit included in the communication module 1202 of the
apparatus 1200 is configured to perform a sending operation at the receive end side, for example, send channel quality
of n MIMO layers to the transmit end. In addition, it should be noted that, if the apparatus is implemented by using a
chip/chip circuit, the communication module 1202 may be an input/output circuit and/or a communication interface,
and performs an input operation (corresponding to the foregoing receiving operation) and an output operation
(corresponding to the foregoing sending operation). The processing module 1201 is an integrated processor, a
microprocessor, or an integrated circuit.

[00167] The following describes in detail an implementation in which the apparatus 1200 is used at the transmit

end. The apparatus 1200 includes the processing module 1201 and the communication module 1202.

[00168] The processing module 1201 is configured to obtain n information bit sequences, and perform first
channel encoding on the n information bit sequences to obtain n first encoded sequences, where the n first encoded
sequences have a same length, n is a quantity of antenna ports, and n is a positive integer greater than 1. The processing
module 1201 is further configured to generate n second encoded sequences based on a polar encoding matrix and the

n first encoded sequences. The communication module 1202 is configured to output the n second encoded sequences.

[00169] In a two-level encoding scheme, independent first channel encoding is first performed on different
information bit sequences, and then a polarization operation is performed on a plurality of encoded sequences obtained
after the first channel encoding, thereby improving encoding performance.

[00170] In an optional implementation, the first channel encoding may take an encoding such as low density
parity check (low density parity check, LDPC), parallel concatenated convolutional code (Turbo code), or BCH code
(bose—chaudhuri-hocquenghem code, BCH).

[00171] In an optional implementation, the polar encoding matrix is a 2™ X 2™ matrix, and n is less than or
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equal to 2™, and m is a positive integer. Optionally, a value of m may meet the following condition: 2™"1 < n <
2m,

[00172]  In an optional implementation, the processing module 1201 is further configured to: if n is equal to 2™,
perform bit block-based polar encoding on the n first encoded sequences based on the polar encoding matrix, to
generate the n second encoded sequences; or if n is less than 2™, generate the n second encoded sequences based on

a submatrix of the polar encoding matrix and the n first encoded sequences, where the submatrix isa n X n matrix.
[00173] In this embodiment of this application, a quantity of sequences for performing bit block-based polar
encoding is not limited to that n is a power of 2, so that adaptable scenarios can be extended and more flexible channel
encoding can be implemented.

[00174] In an optional implementation, each row in the polar encoding matrix corresponds to one polar channel;
and if n is less than 2™, reliability of n polar channels corresponding to the submatrix is higher than reliability of
remaining 2™-n polar channels of 2™ polar channels. A corresponding polar encoding matrix is transformed based
on polar channel reliability, and a polar channel with relatively high reliability is retained, which helps improve
encoding performance.

[00175] In an optional implementation, better channel quality of multiple input multiple output MIMO layers
corresponding to the second encoded sequences indicates better reliability of polar channels corresponding to the
second encoded sequences. After the polarization operation, corresponding bitstreams are adapted to MIMO layers
having different channel quality levels, so that transmission with a maximum channel capacity can be implemented
as much as possible.

[00176] In an optional implementation, the processing module 1201 is further configured to: before the n
information bit sequences are obtained, obtain, by using the communication module 1202, channel quality
corresponding to n MIMO layers.

[00177] 1In an optional implementation, the communication module 1202 is further configured to send a
parameter of the first channel encoding. The parameter of the first channel encoding may be used for decoding at the
receive end side, which helps improve decoding efficiency at the receive end side.

[00178] In an optional implementation, the parameter of the first channel encoding includes at least one of the
following: a length of the first encoded sequence, a length of each of the n information bit sequences, and an encoding
bit rate for performing the first channel encoding on each of the n information bit sequences.

[00179] The following describes in detail an implementation in which the apparatus 1200 is used at the receive

end. The apparatus 1200 includes the communication module 1202 and the processing module 1201.

[00180] The communication module 1202 is configured to obtain n to-be-decoded sequences, where the n to-be-
decoded sequences have a same length, n is a quantity of antenna ports, and n is a positive integer greater than 1. The
processing module 1201 is configured to decode the n to-be-decoded sequences based on first channel encoding and
a polar encoding matrix, to obtain n information bit sequences. Correspondingly encoding device, configured to
perform the two-level encoding scheme at the transmit end side, and corresponding decoding device, configured to
perform decoding in reverse based on the first channel encoding and the polar encoding matrix at the receive end side,
help improve decoding performance.

[00181] In an optional implementation, the first channel encoding may take an encoding such as low density
parity check (low density parity check, LDPC), parallel concatenated convolutional code (Turbo code), or BCH code
(bose—chaudhuri-hocquenghem code, BCH).

[00182] In an optional implementation, the polar encoding matrix is a 2™ X 2™ matrix, and n is less than or
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equal to 2™, and m is a positive integer. Optionally, a value of m may meet the following condition: 2™"1 < n <
2m,

[00183] In an optional implementation, the processing module 1201 is further configured to: if n is equal to 2™,
decode the n to-be-decoded sequences based on the first channel encoding and the polar encoding matrix; or if n is
less than 2™, decode the n to-be-decoded sequences based on the first channel encoding and a submatrix of the polar

encoding matrix, where the submatrix isa n X n matrix.

[00184] In this embodiment of this application, a quantity of to-be-decoded sequences is not limited to that n is

a power of 2, so that adaptable scenarios can be extended and more flexible channel decoding can be implemented.
[00185] In an optional implementation, each row in the polar encoding matrix corresponds to one polar channel;
and if n is less than 2™, reliability of n polar channels corresponding to the submatrix is higher than reliability of
remaining 2™-n polar channels of 2™ polar channels.

[00186] In an optional implementation, better channel quality of multiple input multiple output MIMO layers
corresponding to the to-be-decoded sequences indicates better reliability of polar channels corresponding to the to-
be-decoded sequences.

[00187] 1In an optional implementation, the communication module 1202 is further configured to obtain a
parameter of the first channel encoding. This helps improve decoding efficiency at the receive end side.

[00188] In an optional implementation, the parameter of the first channel encoding includes at least one of the
following: a length of each of the n information bit sequences, an encoding bit rate for performing the first channel
encoding on each of the n information bit sequences, and an encoding length of performing the first channel encoding
on each of the n information bit sequences.

[00189] Based on the same concept, as shown in FIG. 13, an embodiment of this application provides a
communication apparatus 1300. The communication apparatus 1300 may be a chip or a chip system. Optionally, in
this embodiment of this application, the chip system may include a chip, or may include a chip and another discrete
component.

[00190] The communication apparatus 1300 may include at least one processor 1310. The processor 1310 is
coupled to a memory. Optionally, the memory may be located in the apparatus, the memory may be integrated with
the processor, or the memory may be located outside the apparatus. For example, the communication apparatus 1300
may further include at least one memory 1320. The memory 1320 stores a computer program, configuration
information, a computer program or instructions, and/or data necessary for implementing any one of the foregoing
embodiments. The processor 1310 may execute the computer program stored in the memory 1320, to complete the
method in any one of the foregoing embodiments.

[00191] The coupling in this embodiment of this application may be an indirect coupling or a communication
connection between apparatuses, units, or modules in an electrical form, a mechanical form, or another form, and is
used for information exchange between the apparatuses, the units, or the modules. The processor 1310 may cooperate
with the memory 1320. A specific connection medium between a transceiver 1330, the processor 1310, and the
memory 1320 is not limited in this embodiment of this application.

[00192] The communication apparatus 1300 may further include the transceiver 1330, and the communication
apparatus 1300 may exchange information with another device through the transceiver 1330. The transceiver 1330
may be a circuit, a bus, a transceiver, or any other apparatus that may be configured to exchange information, or is
referred to as a signal sending and receiving unit. As shown in FIG. 13, the transceiver 1330 includes a transmitter

1331, a receiver 1332, and an antenna 1333. In addition, when the communication apparatus 1300 is a chip type
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apparatus or a circuit, the transceiver in the apparatus 1300 may alternatively be an input/output circuit and/or a
communication interface, and may input data (or is referred to as receiving data) and output data (or is referred to as
sending data). The processor is an integrated processor, a microprocessor, or an integrated circuit, and the processor
may determine output data based on input data.

[00193] In a possible implementation, the communication apparatus 1300 may be used at the transmit end.
Specifically, the communication apparatus 1300 may be the transmit end, or may be an apparatus that can support the
transmit end and implement a function of the transmit end in any one of the foregoing embodiments. The memory
1320 stores a computer program, a computer program or instructions, and/or data necessary for implementing a
function of the transmit end in any one of the foregoing embodiments. The processor 1310 may execute the computer
program stored in the memory 1320, to complete the method performed by the transmit end in any one of the foregoing
embodiments. When used at the transmit end, the transmitter 1331 in the communication apparatus 1300 may be
configured to send transmission control configuration information to the receive end through the antenna 1333, and
the receiver 1332 may be configured to receive, through the antenna 1333, transmission information sent by the receive
end.

[00194]  In another possible implementation, the communication apparatus 1300 may be used at the receive end.
Specifically, the communication apparatus 1300 may be the receive end, or may be an apparatus that can support the
receive end and implement a function of the receive end in any one of the foregoing embodiments. The memory 1320
stores a computer program, a computer program or instructions, and/or data necessary for implementing a function of
the receive end in any one of the foregoing embodiments. The processor 1310 may execute the computer program
stored in the memory 1320, to complete the method performed by the receive end in any one of the foregoing
embodiments. When used at the receive end, the receiver 1332 in the communication apparatus 1300 may be
configured to receive, through the antenna 1333, transmission control configuration information sent by the transmit
end, and the transmitter 1331 may be configured to send transmission information to the transmit end through the
antenna 1333.

[00195] The communication apparatus 1300 provided in this embodiment may be used at the transmit end to
complete the foregoing method performed by the transmit end, or may be used at the receive end to complete the
method performed by the receive end. Therefore, for a technical effect that can be achieved, refer to the foregoing

method embodiment. Details are not described herein again.

[00196]  In this embodiment of this application, the processor may be a general-purpose processor, a digital signal
processor, an application-specific integrated circuit, a field programmable gate array or another programmable logic
device, a discrete gate or transistor logic device, or a discrete hardware component, and may implement or execute
the methods, steps, and logical block diagrams disclosed in embodiments of this application. The general-purpose
processor may be a microprocessor, any conventional processor, or the like. The steps of the methods disclosed with
reference to embodiments of this application may be directly implemented by a hardware processor, or may be

implemented by using a combination of hardware in a processor and a software module.

[00197] In embodiments of this application, the memory may be a nonvolatile memory, a hard disk drive (hard
disk drive, HDD) or a solid-state drive (solid-state drive, SSD), or may be a volatile memory (volatile memory), for
example, a random-access memory (random-access memory, RAM). Alternatively, the memory may be any other
medium that can be configured to carry or store desired program code in a form of an instruction or a data structure
and that can be accessed by a computer, but is not limited thereto. Alternatively, the memory in this embodiment of
this application may be a circuit or any other apparatus that can implement a storage function, and is configured to

store a computer program, a computer program or instructions, and/or data.
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[00198] Based on the foregoing embodiments, referring to FIG. 14, an embodiment of this application further
provides another communication apparatus 1400, including: an input/output interface 1410 and a logic circuit 1420,
where the input/output interface 1410 is configured to receive code instructions and transmit the code instructions to
the logic circuit 1420; and the logic circuit 1420 is configured to run code instructions to perform the method
performed by the transmit end or the method performed by the receive end in any one of the foregoing embodiments.
[00199] The communication apparatus 1400 may be used at the transmit end to perform the method performed
by the transmit end. The logic circuit 1420 is configured to obtain n information bit sequences; perform first channel
encoding on the n information bit sequences to obtain n first encoded sequences, where the n first encoded sequences
have a same length, n is a quantity of antenna ports, and n is a positive integer greater than 1; and generate n second
encoded sequences based on a polar encoding matrix and the n first encoded sequences. The input/output interface

1410 is configured to output the n second encoded sequences.

[00200] The communication apparatus 1400 may be used at the receive end to perform the method performed by
the receive end. In an optional implementation, the input/output interface 1410 is configured to obtain n to-be-decoded
sequences, where the n to-be-decoded sequences have a same length, n is a quantity of antenna ports, and n is a positive
integer greater than 1. The logic circuit 1420 is configured to decode the n to-be-decoded sequences based on first
channel encoding and a polar encoding matrix, to obtain n information bit sequences.

[00201] The communication apparatus 1400 provided in this embodiment may be used at the transmit end to
perform the foregoing method performed by the transmit end, or may be used at the receive end to perform the method
performed by the receive end. Therefore, for a technical effect that can be achieved, refer to the foregoing method
embodiment. Details are not described herein again.

[00202] Based on the foregoing embodiments, an embodiment of this application further provides a
communication system. The communication system includes at least one communication apparatus used at the
transmit end and at least one communication apparatus used at the receive end. For a technical effect that can be
achieved, refer to the foregoing method embodiment. Details are not described herein again.

[00203] Based on the foregoing embodiments, an embodiment of this application further provides a computer-
readable storage medium. The computer-readable storage medium stores a computer program or instructions, and
when the instructions are run, the method performed by the transmit end in any one of the foregoing embodiments is
implemented or the method performed by the receive end in any one of the foregoing embodiments is implemented.
The computer-readable storage medium may include: any medium that can store program code, such as a USB flash
drive, a removable hard disk, a read-only memory, a random access memory, a magnetic disk, or an optical disc.
[00204]  To implement functions of the communication apparatuses in FIG. 13 to FIG. 14, an embodiment of this
application further provides a chip, including a processor, configured to support the communication apparatus in
implementing functions of the transmit end or the receive end in the foregoing method embodiments. In a possible
design, the chip is connected to a memory, or the chip includes a memory. The memory is configured to store a
computer program or instructions and data that are necessary for the communication apparatus.

[00205] A person skilled in the art should understand that embodiments of this application may be provided as a
method, a system, or a computer program product. Therefore, this application may use a form of a hardware-only
embodiment, a software-only embodiment, or an embodiment with a combination of software and hardware. In
addition, this application may use a form of a computer program product implemented on one or more computer-
usable storage media (including but not limited to a disk memory, a CD-ROM, an optical memory, and the like) that

include computer-usable program code.

23



10

15

20

[00206] This application is described with reference to the flowcharts and/or block diagrams of the method, the
device (system), and the computer program product according to embodiments of this application. It should be
understood that each procedure and/or block in the flowcharts and/or block diagrams, and combinations of the
procedures and/or blocks in the flowcharts and/or block diagrams may be implemented by the computer program or
instructions. The computer program or instructions may be provided to a processor of a general-purpose computer, a
special-purpose computer, an embedded processor, or another programmable data processing device to generate a
machine, such that the instructions executed by the processor of the computer or another programmable data
processing device generate an apparatus for implementing a specific function in one or more procedures in the
flowcharts and/or one or more blocks in the block diagrams.

[00207]  The computer program or instructions may be stored in a computer-readable memory that can instruct
the computer or any other programmable data processing device to work in a specific manner, so that the instructions
stored in the computer-readable memory generate an artifact that includes an instruction apparatus. The instruction
apparatus implements a specific function in one or more processes in the flowcharts and/or in one or more blocks in
the block diagrams.

[00208] The computer program or instructions may also be loaded onto a computer or another programmable
data processing device, so that a series of operations and steps are performed on the computer or the another
programmable device, thereby generating computer-implemented processing. Therefore, the instructions executed on
the computer or the another programmable device provide steps for implementing a specific function in one or more
processes in the flowcharts and/or in one or more blocks in the block diagrams.

[00209] Obviously, a person skilled in the art can make various modifications and variations to embodiments of
this application without departing from the scope of embodiments of this application. In this way, this application is
intended to cover these modifications and variations of embodiments of this application provided that they fall within

the scope of protection defined by the following claims and their equivalent technologies.
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CLAIMS

What is claimed is:

1. An encoding method, comprising:

obtaining n information bit sequences, wherein n is a quantity of antenna ports, and n is a positive integer greater
than 1;

performing first channel encoding on the n information bit sequences to obtain n first encoded sequences, wherein
the n first encoded sequences have a same length;

generating n second encoded sequences based on a polar encoding matrix and the n first encoded sequences; and

outputting the n second encoded sequences.

2. The method according to claim 1, wherein the polar encoding matrix is a 2™ X 2™ matrix, wherein n is less
than or equal to 2™, and m is a positive integer.

3. The method according to claim 2, wherein the generating n second encoded sequences based on a polar
encoding matrix and the n first encoded sequences comprises:

if n is equal to 2™, performing bit block-based polar encoding on the n first encoded sequences based on the
polar encoding matrix, to generate the n second encoded sequences; or

if n is less than 2™, generating the n second encoded sequences based on a submatrix of the polar encoding
matrix and the n first encoded sequences, wherein the submatrix isa n X n matrix.

4. The method according to claim 3, wherein each row in the polar encoding matrix corresponds to one polar
channel; and ifnis less than 2™, reliability of n polar channels corresponding to the submatrix is higher than reliability
of remaining 2™ -n polar channels of 2™ polar channels.

5. The method according to claim 4, wherein better channel quality of multiple input multiple output MIMO
layers corresponding to the second encoded sequences indicates better reliability of polar channels corresponding to
the second encoded sequences.

6. The method according to claim 5, wherein the method further comprises:

before the n information bit sequences are obtained, obtaining channel quality corresponding to n MIMO layers.

7. The method according to any one of claims 1 to 6, wherein the method further comprises:

sending a parameter of the first channel encoding.

8. The method according to claim 7, wherein the parameter of the first channel encoding comprises at least one
of the following: a length of the first encoded sequence, a length of each of the n information bit sequences, and an
encoding bit rate for performing the first channel encoding on each of the n information bit sequences.

9. A decoding method, comprising:

obtaining n to-be-decoded sequences, wherein the n to-be-decoded sequences have a same length, n is a quantity
of antenna ports, and n is a positive integer greater than 1; and

decoding the n to-be-decoded sequences based on first channel encoding and a polar encoding matrix, to obtain
n information bit sequences.

10. The method according to claim 9, wherein the polar encoding matrix is a 2™ X 2™ matrix, wherein n is less
than or equal to 2™, and m is a positive integer.

11. The method according to claim 10, wherein the decoding the n to-be-decoded sequences based on first channel
encoding and a polar encoding matrix comprises:

if n is equal to 2™, decoding the n to-be-decoded sequences based on the first channel encoding and the polar

encoding matrix; or
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if nis less than 2™, decoding the n to-be-decoded sequences based on the first channel encoding and a submatrix
of the polar encoding matrix, wherein the submatrix is a n X n matrix.

12. The method according to claim 11, wherein each row in the polar encoding matrix corresponds to one polar
channel; and if nis less than 2™, reliability of n polar channels corresponding to the submatrix is higher than reliability
of remaining 2™-n polar channels of 2™ polar channels.

13. The method according to claim 12, wherein better channel quality of multiple input multiple output MIMO
layers corresponding to the to-be-decoded sequences indicates better reliability of polar channels corresponding to the
to-be-decoded sequences.

14. The method according to claim 12, wherein the method further comprises:

sending channel quality corresponding to n MIMO layers.

15. The method according to any one of claims 9 to 14, wherein the method further comprises:

obtaining a parameter of the first channel encoding.

16. The method according to claim 15, wherein the parameter of the first channel encoding comprises at least
one of the following: a length of each of the n information bit sequences, an encoding bit rate for performing the first
channel encoding on each of the n information bit sequences, and an encoding length of performing the first channel
encoding on each of the n information bit sequences.

17. The method according to any one of claims 2 to 6 and 10 to 14, wherein a value of m meets the following
condition: 2™"1 < n < 2™

18. The method according to any one of claims 1 to 17, wherein the first channel encoding comprises a low
density parity check LDPC code, a parallel concatenated convolutional code, or a BCH code.

19. A communication apparatus, comprising:

a processing module, configured to obtain n information bit sequences, and perform first channel encoding on
the n information bit sequences to obtain n first encoded sequences, wherein the n first encoded sequences have a
same length, n is a quantity of antenna ports, and n is a positive integer greater than 1; and

the processing module is further configured to generate n second encoded sequences based on a polar encoding
matrix and the n first encoded sequences; and

a communication module, configured to output the n second encoded sequences.

20. The communication apparatus according to claim 19, wherein the polar encoding matrix is a 2™ x 2™
matrix, wherein n is less than or equal to 2™, and m is a positive integer.

21. The communication apparatus according to claim 20, wherein the processing module is further configured to:

if n is equal to 2™, perform bit block-based polar encoding on the n first encoded sequences based on the polar
encoding matrix, to generate the n second encoded sequences; or

ifnis less than 2™, generate the n second encoded sequences based on a submatrix of the polar encoding matrix
and the n first encoded sequences, wherein the submatrix isa n X n matrix.

22. The communication apparatus according to claim 21, wherein each row in the polar encoding matrix
corresponds to one polar channel; and if n is less than 2™, reliability of n polar channels corresponding to the
submatrix is higher than reliability of remaining 2™-n polar channels of 2™ polar channels.

23. The communication apparatus according to claim 22, wherein better channel quality of multiple input
multiple output MIMO layers corresponding to the second encoded sequences indicates better reliability of polar
channels corresponding to the second encoded sequences.

24. The communication apparatus according to claim 23, wherein the processing module is further configured to:

before the n information bit sequences are obtained, obtain, by using the communication module, channel quality
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corresponding to n MIMO layers.

25. The communication apparatus according to any one of claims 19 to 24, wherein the communication module
is further configured to send a parameter of the first channel encoding.

26. The communication apparatus according to claim 25, wherein the parameter of the first channel encoding
comprises at least one of the following: a length of the first encoded sequence, a length of each of the n information
bit sequences, and an encoding bit rate for performing the first channel encoding on each of the n information bit
sequences.

27. A communication apparatus, comprising:

a communication module, configured to obtain n to-be-decoded sequences, wherein the n to-be-decoded
sequences have a same length, n is a quantity of antenna ports, and n is a positive integer greater than 1; and

a processing module, configured to decode the n to-be-decoded sequences based on first channel encoding and a
polar encoding matrix, to obtain n information bit sequences.

28. The communication apparatus according to claim 27, wherein the polar encoding matrix is a 2™ x 2™
matrix, wherein n is less than or equal to 2™, and m is a positive integer.

29. The communication apparatus according to claim 28, wherein the processing module is further configured to:

if n is equal to 2™, decode the n to-be-decoded sequences based on the first channel encoding and the polar
encoding matrix; or

if n is less than 2™, decode the n to-be-decoded sequences based on the first channel encoding and a submatrix
of the polar encoding matrix, wherein the submatrix is a n X n matrix.

30. The communication apparatus according to claim 29, wherein each row in the polar encoding matrix
corresponds to one polar channel; and if n is less than 2™, reliability of n polar channels corresponding to the
submatrix is higher than reliability of remaining 2™-n polar channels of 2™ polar channels.

31. The communication apparatus according to claim 29, wherein better channel quality of multiple input
multiple output MIMO layers corresponding to the to-be-decoded sequences indicates better reliability of polar
channels corresponding to the to-be-decoded sequences.

32. The communication apparatus according to claim 30, wherein the communication module is further
configured to send channel quality corresponding to n MIMO layers.

33. The communication apparatus according to any one of claims 27 to 32, wherein the communication module
is further configured to obtain a parameter of the first channel encoding.

34. The communication apparatus according to claim 33, wherein the parameter of the first channel encoding
comprises at least one of the following: a length of each of the n information bit sequences, an encoding bit rate for
performing the first channel encoding on each of the n information bit sequences, and an encoding length of
performing the first channel encoding on each of the n information bit sequences.

35. The communication apparatus according to any one of claims 20 to 24 and 28 to 32, wherein a value of m
meets the following condition: 2™~! < n < 2™,

36. The communication apparatus according to any one of claims 19 to 35, wherein the first channel encoding
comprises a low density parity check LDPC code, a parallel concatenated convolutional code, or a BCH code.

37. A communication apparatus, comprising:

a processor, wherein the processor is coupled to a memory, the memory is configured to store a computer program
or instructions, and the processor is configured to execute the computer program or the instructions to implement the
method according to any one of claims 1 to 8 or the method according to any one of claims 9 to 18.

38. A communication apparatus, comprising: a logic circuit and an input/output interface, wherein
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the logic circuit is configured to obtain n information bit sequences, and perform first channel encoding on the n
information bit sequences to obtain n first encoded sequences, wherein the n first encoded sequences have a same
length, n is a quantity of antenna ports, and n is a positive integer greater than 1; and

the logic circuit is further configured to generate n second encoded sequences based on a polar encoding matrix
and the n first encoded sequences; and

the input/output interface is configured to output the n second encoded sequences.

39. A communication apparatus, comprising: a logic circuit and an input/output interface, wherein

the input/output interface is configured to obtain n to-be-decoded sequences, wherein the n to-be-decoded
sequences have a same length, n is a quantity of antenna ports, and n is a positive integer greater than 1; and

the logic circuit is configured to decode the n to-be-decoded sequences based on first channel encoding and a
polar encoding matrix, to obtain n information bit sequences.

40. A communication apparatus, comprising a processor, wherein the processor is coupled to a memory, the
memory is configured to store a computer program or instructions, and the processor is configured to execute the
computer program or the instructions to implement the method according to any one of claims 1 to 8 or the method
according to any one of claims 9 to 18.

41. A communication apparatus, comprising a processor and an interface circuit, wherein the interface circuit is
configured to communicate with another apparatus, and the processor is configured to execute a computer program or
instructions to implement the method according to any one of claims 1 to 8 or the method according to any one of
claims 9 to 18.

42. A communication system, comprising a terminal device configured to perform the method according to any
one of claims 1 to 8, and a network device configured to perform the method according to any one of claims 9 to 18;
or comprising a network device configured to perform the method according to any one of claims 1 to 8, and a terminal
device configured to perform the method according to any one of claims 9 to 18.

43. A computer-readable storage medium, wherein the computer-readable storage medium stores a computer
program or instructions, and when the instructions are run on a computer, the method according to any one of claims
1 to 8 or the method according to any one of claims 9 to 18 is implemented.

44. A computing program product, comprising computer-executable instructions, wherein the computer-
executable instructions, when run on a computer, enabling the computer to perform the method according to any one

of claims 1 to 8 or claims 9 to 18.
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