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POLAR ENCODING METHOD AND APPARATUS AND POLAR
DECODING METHOD AND APPARATUS

CROSS-REFERENCE TO RELATED APPLICATIONS

[0001] This application claims priority to Chinese Patent Application No. 202110653044 .4,
filed with the China National Intellectual Property Administration on June 11, 2021 and entitled
"POLAR ENCODING METHOD AND APPARATUS AND POLAR DECODING METHOD
AND 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 a polar encoding method and apparatus and a polar decoding method and apparatus.

BACKGROUND

[0003] Channel coding, as a most fundamental wireless access technology, plays a vital role
in ensuring reliable data transmission. Polar codes (Polar Codes) are selected as a control channel
coding scheme in a fifth generation (5th generation, 5G) standard. The polar codes are an existing
known channel coding scheme that can be strictly proved to "reach" a channel capacity, and have
features such as high performance and low complexity.

[0004] Although the polar codes are initially proposed as channel coding, research shows that
the polar codes also have performance that can reach a theoretical boundary when being used for
source coding.

[0005] How to apply the polar codes in source coding and decoding is a problem that needs to

be considered.

SUMMARY

[0006] Embodiments of this application provide a polar encoding method and apparatus and a
polar decoding method and apparatus, to apply polar codes to source coding and decoding, to
improve source coding and decoding performance.

[0007] According to a first aspect, a polar encoding method is provided. The method may be
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performed by an encoding apparatus, or may be performed by a component (for example, a
processor, a chip, a circuit, or a chip system) of the encoding apparatus. The encoding apparatus
may be a terminal device, or may be a network device. The method may be implemented by using
the following steps: obtaining to-be-encoded source bits; performing first polar encoding on the
to-be-encoded source bits to obtain encoded source bits, where the first polar encoding includes
first transformation and second transformation, the first transformation is polarization
transformation, a mother code length corresponding to the first transformation is Ns, the
polarization transformation is performed on the to-be-encoded source bits to obtain first source
bits, and the second transformation is performed on the first source bits to obtain the encoded
source bits; determining assistance information based on the first source bits; and outputting a
source coding codeword, where the source coding codeword includes the encoded source bits and
the assistance information. Information based on original source bits is added to a source coding
result, so that source decoding can be assisted, thereby improving performance of source polar
codes.

[0008] In a possible design, the second transformation includes one or more of the following
operations: a convolution operation, an upper triangular transformation operation, a compression
operation, or an interleaving operation. The convolution operation may cause an additional
association between polarized bits to some extent. Compared with a method in which no
convolution operation is performed, in this method, more original information can be retained at a
same compression rate, and a lower decoding error rate can be achieved. The upper triangular
operation may cause an additional association between polarized bits to some extent. Compared
with a method in which no upper triangular operation is performed, in this method, more original
information can be retained at a same compression rate, and a lower decoding error rate can be
achieved.

[0009] In a possible design, the determining assistance information based on the first source
bits may be implemented in the following manner: performing check coding on the first source
bits to obtain check bits, where the check bits are the assistance information. The check bits are
included in an encoding result, so that a correct decoding result can be obtained through screening
by using the check bits during decoding, thereby helping improve performance of source polar
codes. Especially in a scenario with a limited code length, short code performance of the source
polar codes can be improved.

[0010] In a possible design, the determining assistance information based on the first source
bits may be implemented in the following manner: performing first decoding on the encoded
source bits to obtain at least one candidate decoding result; determining a first decoding result that

is in the at least one candidate decoding result and that matches the first source bits; and
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determining that indication information of the first decoding result is the assistance information.
Optionally, the performing first decoding on the encoded source bits to obtain at least one
candidate decoding result may be implemented in the following manner: performing first decoding
on the encoded source bits to obtain L candidate vectors, where L is a positive integer. The
determining a first decoding result that is in the at least one candidate decoding result and that
matches the first source bits may be implemented in the following manner: comparing the L
candidate vectors with the first source bits; and determining a first vector in the L candidate vectors
that is the same as the first source bits, where information about a sequence number of the first
vector in the L candidate vectors is the indication information. In this way, decoding may be
performed once based on an encoding result during encoding, to determine whether the encoding
is successful. In addition, the assistance information is generated based on a correct result
indicating successful decoding, and the assistance information is in the source coding codeword.
In this way, a decoding result indicated by the assistance information may be output during source
decoding, thereby helping improve performance of the source polar codes. Especially in a scenario
with a limited code length, short code performance of the source polar codes can be improved.
Compared with a decoding method without assistance information, in this method, a size of a
decoding list required to achieve a same bit error rate can be greatly reduced, that is, decoding
complexity can be greatly reduced.

[0011] In a possible design, the method further includes: performing second polar encoding
on the source coding codeword to obtain a channel coding codeword, where a mother code length
corresponding to the second polar encoding is Nc; and outputting the channel coding codeword.
Joint source-channel coding is strictly superior to separate source-channel coding under a finite
code length.

[0012] In a possible design, m bits in the source coding codeword are flag bits, and m is a
positive integer; and the performing second polar encoding on the source coding codeword may
be implemented in the following manner: mapping, according to a mapping rule, the source coding
codeword to information subchannels of a polarization subchannel of the second polar encoding,
to obtain to-be-encoded channel bits, where the mapping rule includes interleaving mapping, and
the interleaving mapping is: sequentially mapping the source coding codeword to the information
subchannels in a natural order to obtain a channel information bit sequence; and exchanging a bit
mapped to an information subchannel whose sequence number is x; and a bit mapped to an
information subchannel whose sequence number is xj, to obtain the to-be-encoded channel bits,
where X; is a sequence number, in the channel information bit sequence, of an information
subchannel to which an i flag bit in the m flag bits is mapped, and x; is a sequence number, in the

channel information bit sequence, of an information subchannel with lowest reliability in
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information subchannels whose sequence number range is [Xi, Xi+1), where Xij+1 1S a sequence
number, in the channel information bit sequence, of an information subchannel to which an (i+1)™®
flag bit in the m flag bits is mapped, both i and j are positive integers, and i=1, 2, ..., m; and
performing second polar encoding on the to-be-coded channel bits. In this way, when an
information bit with low reliability is encountered during channel decoding, soft information of a
source bit with high reliability can be used to provide additional assistance for the channel
decoding, and finally better decoding performance can be implemented.

[0013] In a possible design, reliability of the flag bit is higher than reliability of other bits
except the m flag bits in the encoded source bits.

[0014] According to a second aspect, a polar decoding method is provided. The method may
be performed by a decoding apparatus, or may be performed by a component (for example, a
processor, a chip, a circuit, or a chip system) of the decoding apparatus. The decoding apparatus
may be a terminal device, or may be a network device. The method may be implemented by using
the following steps: obtaining to-be-decoded source information, where the to-be-decoded source
information includes assistance information; performing first decoding on the to-be-decoded
source information to obtain L candidate vectors, where L is a positive integer; determining a first
vector in the L candidate vectors based on assistance information, where the assistance information
1s check bits or indication information, and the indication information indicates a sequence number
of the first vector in the L candidate vectors; performing polarization transformation on the first
vector to obtain a source decoding result; and outputting the source decoding result. Source
decoding is performed by using the assistance information, so that decoding performance of source
polar codes can be improved.

[0015] In a possible design, the assistance information is check bits; and the determining a first
vector in the L candidate vectors based on assistance information may be implemented in the
following manner: sequentially checking, based on the check bits, the L candidate vectors in
descending order of reliability; and when the check succeeds, determining a candidate vector on
which the check succeeds as the first vector. When source decoding is performed, decoding is
performed based on the check bits obtained by an encoder through encoding, so that a correct
decoding result can be obtained through screening by using the check bits during decoding, thereby
helping improve performance of source polar codes. Especially in a scenario with a limited code
length, short code performance of the source polar codes can be improved.

[0016] In a possible design, the assistance information is indication information, and the
indication information indicates a sequence number of the first vector in the L candidate vectors;
and the determining a first vector in the L candidate vectors based on assistance information may

be implemented in the following manner: determining, based on the indication information, the
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first vector corresponding to the sequence number indicated by the indication information in the L
candidate vectors. In this way, decoding may be performed once based on an encoding result
during encoding, to determine whether the encoding is successful. In addition, the assistance
information is generated based on a correct result indicating successful decoding, and the
assistance information is in the source coding codeword. In this way, a decoding result indicated
by the assistance information may be output during source decoding, thereby helping improve
performance of the source polar codes. Especially in a scenario with a limited code length, short
code performance of the source polar codes can be improved. Compared with a decoding method
without assistance information, in this method, a size of a decoding list required to achieve a same
bit error rate can be greatly reduced, that is, decoding complexity can be greatly reduced.

[0017] In a possible design, the obtaining to-be-decoded source information may be
implemented in the following manner: performing second decoding on to-be-decoded channel
information to obtain a channel decoding result, where the channel decoding result includes L1 to-
be-decoded candidate source vectors in descending order of reliability, and the to-be-decoded
source information is one of the L1 to-be-decoded candidate source vectors. Joint source-channel
decoding is superior to separate source-channel decoding in performance under a finite code length.
[0018] According to a third aspect, a polar decoding method is provided. The method may be
performed by a decoding apparatus, or may be performed by a component (for example, a
processor, a chip, a circuit, or a chip system) of the decoding apparatus. The decoding apparatus
may be a terminal device, or may be a network device. The method may be implemented by using
the following steps: obtaining to-be-decoded channel information; and performing second
decoding on the to-be-decoded channel information to obtain a channel decoding result, where a

1™ channel information bit is determined based on the

path metric value corresponding to an n
following information: a path metric value corresponding to an (n1-1)® channel information bit,
a path metric increment corresponding to the n1'™ channel information bit, and a metric value
corresponding to an n2™ source fixed bit obtained when first decoding is performed on the to-be-
decoded source information to obtain the n2'" source fixed bit, where n1 and n2 are both positive
integers. In a channel decoding process, when some bits are decoded, source decoding is performed
on the some bits based on a channel decoding result of the some bits, and a value of the source
decoding of the some bits is fed back to channel decoding of a next bit. In this way, soft information
of the source decoding can assist decoding of channel information bits.

[0019] In a possible design, the metric value of the n2'" source fixed bit obtained by performing
second decoding on the to-be-decoded source information may be implemented in the following

manner: a path metric value that corresponds to the 1% to the n2™ source fixed bits and that is

obtained when second decoding is performed on the to-be-decoded source information to obtain
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the n2™ source fixed bit.

[0020] In a possible design, the metric value of the n2'" source fixed bit obtained by performing
second decoding on the to-be-decoded source information may be implemented in the following
manner: a path metric increment corresponding to the n2" source fixed bit obtained when second
decoding is performed on the to-be-decoded source information to obtain the n2'" source fixed bit.

1" channel information

[0021] In a possible design, an information subchannel on which the n
bit is located has a mapping relationship with the n2™ source fixed bit in the to-be-decoded source
information.

[0022] In a possible design, the mapping relationship is interleaving mapping, and the
interleaving mapping is: sequentially mapping encoded source bits to information subchannels in
a natural order to obtain a channel information bit sequence, where m bits in the encoded source
bits are flag bits, and m is a positive integer; and exchanging a bit mapped to an information
subchannel whose sequence number is x; and a bit mapped to an information subchannel whose
sequence number is Xj, to obtain to-be-encoded channel bits, where x; is a sequence number, in the
channel information bit sequence, of an information subchannel to which an i flag bit in the m
flag bits is mapped, and x; is a sequence number, in the channel information bit sequence, of an
information subchannel with lowest reliability in information subchannels whose sequence
number range is [Xi, Xi+1), where Xi+1 1s a sequence number, in the channel information bit sequence,
of an information subchannel to which an (i+1)™ flag bit in the m flag bits is mapped, both i and j
are positive integers, and i=1, 2, ..., m. In this way, when an information bit with low reliability is
encountered during channel decoding, soft information of a source bit with high reliability can be
used to provide additional assistance for the channel decoding, and finally better decoding
performance can be implemented.

1™ channel

[0023] In a possible design, the path metric value corresponding to the n
information bit is a sum of the following three: the path metric value corresponding to the (n1—1)™"
channel information bit, the path metric increment corresponding to the n1™ channel information
bit, and the metric value corresponding to the n2'" source fixed bit obtained when second decoding
is performed on to-be-decoded source information to obtain the n2™ source fixed bit.

[0024] In a possible design, information about the 1% to an (n2—1)™ source fixed bits in the to-
be-decoded source information is determined based on information about the 1° to the (n1—1)"
channel information bits; and a metric value of the n2™ source fixed bit is determined based on the
information about the 1° to the (n2—1)"™ source fixed bits in the to-be-decoded source information.
[0025] In a possible design, the to-be-decoded source information is determined based on the

channel decoding result; first decoding is performed on the to-be-decoded source information to

obtain L candidate vectors, where L is a positive integer; a first vector in the L candidate vectors
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is determined based on assistance information, where the assistance information is check bits or
indication information, and the indication information indicates a sequence number of the first
vector in the L candidate vectors; polarization transformation is performed on the first vector to
obtain a source decoding result; and the source decoding result is output.

[0026] According to the foregoing several possible designs, information about source bits can
be used to assist channel decoding. In this way, channel decoding is more accurate, and a more
accurate source decoding result can be obtained by performing source decoding based on an
obtained channel decoding result, thereby improving decoding performance.

[0027] In a possible design, the assistance information is check bits; and the determining a first
vector in the L candidate vectors based on assistance information includes: sequentially checking,
based on the check bits, the L candidate vectors in descending order of reliability; and when the
check succeeds, determining the first vector on which the check succeeds. When source decoding
is performed, decoding is performed based on the check bits obtained by an encoder through
encoding, so that a correct decoding result can be obtained through screening by using the check
bits during decoding, thereby helping improve performance of source polar codes. Especially in a
scenario with a limited code length, short code performance of the source polar codes can be
improved.

[0028] In a possible design, the assistance information is indication information, and the
indication information indicates a sequence number of the first vector in the L candidate vectors;
and the determining a first vector in the L candidate vectors based on assistance information
includes: determining, based on the indication information, the first vector corresponding to the
sequence number indicated by the indication information in the L candidate vectors. In this way,
decoding may be performed once based on an encoding result during encoding, to determine
whether the encoding is successful. In addition, the assistance information is generated based on a
correct result indicating successful decoding, and the assistance information is in the source coding
codeword. In this way, a decoding result indicated by the assistance information may be output
during source decoding, thereby helping improve performance of the source polar codes.
Especially in a scenario with a limited code length, short code performance of the source polar
codes can be improved. Compared with a decoding method without assistance information, in this
method, a size of a decoding list required to achieve a same bit error rate can be greatly reduced,
that is, decoding complexity can be greatly reduced.

[0029] According to a fourth aspect, a polar encoding apparatus is provided. The apparatus
may be a polar encoding apparatus, may be an apparatus (for example, a chip, a chip system, or a
circuit) in the polar encoding apparatus, or may be an apparatus that can be used through matching

with the polar encoding apparatus. The apparatus has a function of implementing the method
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according to any one of the first aspect or the possible designs of the first aspect. The function may
be implemented by hardware, or may be implemented by hardware executing corresponding
software. The hardware or the software includes one or more modules corresponding to the
foregoing function. In a design, the apparatus may include a processing module and an input/output
module. For example, the processing module is configured to: obtain to-be-encoded source bits;
perform first polar encoding on the to-be-encoded source bits to obtain encoded source bits, where
the first polar encoding includes first transformation and second transformation, the first
transformation is polarization transformation, a mother code length corresponding to the first
transformation is Ns, the polarization transformation is performed on the to-be-encoded source
bits to obtain first source bits, and the second transformation is performed on the first source bits
to obtain the encoded source bits; and determine assistance information based on the first source
bits. The input/output module is configured to output a source coding codeword, where the source
coding codeword includes the encoded source bits and the assistance information.

[0030] In a possible design, the second transformation includes one or more of the following
operations: a convolution operation, an upper triangular transformation operation, a compression
operation, or an interleaving operation.

[0031] In a possible design, when determining the assistance information based on the first
source bits, the processing module is configured to: perform check coding on the first source bits
to obtain check bits, where the check bits are the assistance information.

[0032] In a possible design, when determining the assistance information based on the first
source bits, the processing module is configured to: perform first decoding on the encoded source
bits to obtain at least one candidate decoding result; determine a first decoding result that is in the
at least one candidate decoding result and that matches the first source bits; and determine that
indication information of the first decoding result is the assistance information.

[0033] In a possible design, when performing first decoding on the encoded source bits to
obtain the at least one candidate decoding result, the processing module is configured to perform
first decoding on the encoded source bits to obtain L candidate vectors, where L is a positive integer.
When determining the first decoding result that is in the at least one candidate decoding result and
that matches the first source bits, the processing module is configured to: compare the L candidate
vectors with the first source bits; and determine a first vector in the L candidate vectors that is the
same as the first source bits, where information about a sequence number of the first vector in the
L candidate vectors is the indication information.

[0034] In a possible design, the processing module is further configured to: perform second
polar encoding on the source coding codeword to obtain a channel coding codeword, where a

mother code length corresponding to the second polar encoding is Nc; and the input/output module
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is further configured to output the channel coding codeword.

[0035] In a possible design, m bits in the source coding codeword are flag bits, and m is a
positive integer. When performing second polar encoding on the source coding codeword, the
processing module is configured to: map, according to a mapping rule, the source coding codeword
to information subchannels of a polarization subchannel of the second polar encoding, to obtain
to-be-encoded channel bits, where the mapping rule includes interleaving mapping, and the
interleaving mapping is: sequentially mapping the source coding codeword to the information
subchannels in a natural order to obtain a channel information bit sequence; and exchanging a bit
mapped to an information subchannel whose sequence number is x; and a bit mapped to an
information subchannel whose sequence number is xj, to obtain the to-be-encoded channel bits,
where X; is a sequence number, in the channel information bit sequence, of an information
subchannel to which an i flag bit in the m flag bits is mapped, and x; is a sequence number, in the
channel information bit sequence, of an information subchannel with lowest reliability in
information subchannels whose sequence number range is [Xi, Xi+1), where Xi+1 iS a sequence
number, in the channel information bit sequence, of an information subchannel to which an (i+1)™"
flag bit in the m flag bits is mapped, both i and j are positive integers, and i=1, 2, ..., m; and perform
second polar encoding on the to-be-coded channel bits.

[0036] In a possible design, reliability of the flag bit is higher than reliability of other bits
except the m flag bits in the encoded source bits.

[0037] For beneficial effects of the fourth aspect and the possible designs, refer to descriptions
of corresponding parts in the first aspect. Details are not described herein again.

[0038] According to a fifth aspect, a polar decoding apparatus is provided. The apparatus may
be a polar decoding apparatus, may be an apparatus (for example, a chip, a chip system, or a circuit)
in the polar decoding apparatus, or may be an apparatus that can be used through matching with
the polar decoding apparatus. The apparatus has a function of implementing the method according
to any one of the second aspect or the possible designs of the second aspect. The function may be
implemented by hardware, or may be implemented by hardware executing corresponding software.
The hardware or the software includes one or more modules corresponding to the foregoing
function. In a design, the apparatus may include a processing module and an input/output module.
For example, the processing module is configured to: obtain to-be-decoded source information,
where the to-be-decoded source information includes assistance information; perform first
decoding on the to-be-decoded source information to obtain L candidate vectors, where L is a
positive integer; determine a first vector in the L candidate vectors based on assistance information,
where the assistance information is check bits or indication information, and the indication

information indicates a sequence number of the first vector in the L candidate vectors; and perform

9



10

15

20

25

30

35

polarization transformation on the first vector to obtain a source decoding result. The input/output
module is configured to output the source decoding result.

[0039] In a possible design, the assistance information is check bits; and when determining the
first vector in the L candidate vectors based on assistance information, the processing module is
configured to: sequentially check, based on the check bits, the L candidate vectors in descending
order of reliability; and when the check succeeds, determining a candidate vector on which the
check succeeds as the first vector.

[0040] In a possible design, the assistance information is indication information, and the
indication information indicates a sequence number of the first vector in the L candidate vectors;
and when determining the first vector in the L candidate vectors based on the assistance
information, the processing module is configured to: determine, based on the indication
information, the first vector corresponding to the sequence number indicated by the indication
information in the L candidate vectors.

[0041] In a possible design, when obtaining the to-be-decoded source information, the
processing module is configured to: perform second decoding on to-be-decoded channel
information to obtain a channel decoding result, where the channel decoding result includes L1 to-
be-decoded candidate source vectors in descending order of reliability, and the to-be-decoded
source information is one of the L1 to-be-decoded candidate source vectors.

[0042] For beneficial effects of the fifth aspect and the possible designs, refer to descriptions
of corresponding parts in the second aspect. Details are not described herein again.

[0043] According to a sixth aspect, a polar decoding apparatus is provided. The apparatus may
be a polar decoding apparatus, may be an apparatus (for example, a chip, a chip system, or a circuit)
in the polar decoding apparatus, or may be an apparatus that can be used through matching with
the polar decoding apparatus. The apparatus has a function of implementing the method according
to any one of the third aspect or the possible designs of the third aspect. The function may be
implemented by hardware, or may be implemented by hardware executing corresponding software.
The hardware or the software includes one or more modules corresponding to the foregoing
function. In a design, the apparatus may include a processing module and an input/output module.
For example, the input/output module is configured to obtain to-be-decoded channel information.
The processing module is configured to perform second decoding on the to-be-decoded channel
information to obtain a channel decoding result, where a path metric value corresponding to an
n1™ channel information bit is determined based on the following information: a path metric value
corresponding to an (n1—1)™ channel information bit, a path metric increment corresponding to the
n1™ channel information bit, and a metric value corresponding to an n2" source fixed bit obtained

when first decoding is performed on the to-be-decoded source information to obtain the n2" source

10



10

15

20

25

30

35

fixed bit, where n1 and n2 are both positive integers.

[0044] In a possible design, when the metric value of the n2™ source fixed bit is obtained by
performing second decoding on the to-be-decoded source information, the processing module is
configured to obtain a path metric value corresponding to the 1% to the n2" source fixed bits when
second decoding is performed on the to-be-decoded source information to obtain the n2'" source
fixed bit.

[0045] In a possible design, when the metric value of the n2™ source fixed bit is obtained by
performing second decoding on the to-be-decoded source information, the processing module is
configured to obtain a path metric increment corresponding to the n2™ source fixed bit when

second decoding is performed on the to-be-decoded source information to obtain the n2'" source

fixed bit.

1" channel information

[0046] In a possible design, an information subchannel on which the n
bit is located has a mapping relationship with the n2™ source fixed bit in the to-be-decoded source
information.

[0047] In a possible design, the mapping relationship is interleaving mapping, and the
interleaving mapping is: sequentially mapping encoded source bits to information subchannels in
a natural order to obtain a channel information bit sequence, where m bits in the encoded source
bits are flag bits, and m is a positive integer; and exchanging a bit mapped to an information
subchannel whose sequence number is x; and a bit mapped to an information subchannel whose
sequence number is Xj, to obtain to-be-encoded channel bits, where x; is a sequence number, in the
channel information bit sequence, of an information subchannel to which an i flag bit in the m
flag bits is mapped, and x; is a sequence number, in the channel information bit sequence, of an
information subchannel with lowest reliability in information subchannels whose sequence
number range is [X;, Xi+1), where X+ 1S a sequence number, in the channel information bit sequence,
of an information subchannel to which an (i+1)™ flag bit in the m flag bits is mapped, both i and j
are positive integers, and i=1, 2, ..., m.

1™ channel

[0048] In a possible design, the path metric value corresponding to the n
information bit is a sum of the following three: the path metric value corresponding to the (n1—1)"
channel information bit, the path metric increment corresponding to the n1™ channel information
bit, and the metric value corresponding to the n2'" source fixed bit obtained when second decoding
is performed on to-be-decoded source information to obtain the n2™ source fixed bit.

[0049] In a possible design, the processing module is further configured to: determine the to-
be-decoded source information based on the channel decoding result; perform first decoding on

the to-be-decoded source information to obtain L candidate vectors, where L is a positive integer;

determine a first vector in the L candidate vectors based on assistance information, where the
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assistance information is check bits or indication information, and the indication information
indicates a sequence number of the first vector in the L candidate vectors; and perform polarization
transformation on the first vector to obtain a source decoding result; and output the source
decoding result.

[0050] For beneficial effects of the sixth aspect and the possible designs, refer to descriptions
of corresponding parts in the third aspect. Details are not described herein again.

[0051] According to a seventh aspect, an embodiment of this application provides a polar
encoding apparatus, where the apparatus includes a memory and a processor. The memory is
configured to store a program, instructions, or code. The processor is configured to invoke the
program, the instructions, or the code stored in the memory, to perform the method according to
the first aspect or the possible designs of the first aspect. The apparatus may further include an
input/output interface, configured to communicate with another apparatus. The memory may be a
physically independent unit, or may be coupled to the processor, or the processor includes the
memory.

[0052] According to an eighth aspect, an embodiment of this application provides a polar
decoding apparatus. The apparatus includes a memory and a processor. The memory is configured
to store a program, instructions, or code. The processor is configured to invoke the program, the
instructions, or the code stored in the memory, to perform the method according to the second
aspect, the third aspect, the possible designs of the second aspect, or the possible designs of the
third aspect. The apparatus may further include an input/output interface, configured to
communicate with another apparatus. The memory may be a physically independent unit, or may
be coupled to the processor, or the processor includes the memory.

[0053] According to a ninth aspect, an embodiment of this application provides a polar
encoding apparatus. The apparatus has a function of implementing the method according to any
one of the first aspect or the possible designs of the first aspect. The function may be implemented
by hardware, or may be implemented by hardware executing corresponding software. The
hardware or the software includes one or more modules corresponding to the foregoing function.
In a possible design, the apparatus includes: an input/output interface circuit, configured to obtain
to-be-encoded source bits; a logic circuit, configured to perform behavior in any one of the first
aspect or the possible designs of the first aspect; and an input/output interface circuit, configured
to output a source coding codeword, where the source coding codeword includes encoded source
bits and assistance information.

[0054] Optionally, the polar encodingsorting apparatus may be a chip or an integrated circuit.
[0055] According to a tenth aspect, an embodiment of this application provides a sorting

apparatus. The apparatus has a function of implementing the method according to any one of the
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first aspect or the possible designs of the first aspect. The function may be implemented by
hardware, or may be implemented by hardware executing corresponding software. The hardware
or the software includes one or more modules corresponding to the foregoing function. In a
possible design, the apparatus includes: an input/output interface circuit, configured to obtain to-
be-decoded source information, where the to-be-decoded source information includes assistance
information; a logic circuit, configured to perform behavior in any one of the second aspect or the
possible designs of the second aspect; and an input/output interface circuit, configured to output a
source decoding result.

[0056] Optionally, the sorting apparatus may be a chip or an integrated circuit.

[0057] According to an eleventh aspect, an embodiment of this application provides a polar
encodingsorting apparatus. The apparatus has a function of implementing the method according to
any one of the first aspect or the possible designs of the first aspect. The function may be
implemented by hardware, or may be implemented by hardware executing corresponding software.
The hardware or the software includes one or more modules corresponding to the foregoing
function. In a possible design, the apparatus includes: an input/output interface circuit, configured
to obtain to-be-decoded channel information; and a logic circuit, configured to perform behavior
in any one of the third aspect or the possible designs of the third aspect.

[0058] Optionally, the polar encodingsorting apparatus may be a chip or an integrated circuit.
[0059] According to a twelfth aspect, an embodiment of this application provides a computer-
readable storage medium. The computer-readable storage medium stores computer-readable
instructions. When the computer-readable instructions are run on a computer, the method
according to the first aspect or the possible designs of the first aspect is performed.

[0060] According to a thirteenth aspect, an embodiment of this application provides a
computer-readable storage medium. The computer-readable storage medium stores computer-
readable instructions. When the computer-readable instructions are run on a computer, the method
according to the second aspect or the possible designs of the second aspect is performed, or the
method according to the third aspect or the possible designs of the third aspect is performed.
[0061] According to a fourteenth aspect, an embodiment of this application provides a chip
system. The chip system includes a processor, and may further include a memory. The memory is
configured to store a program, instructions, or code. The processor is configured to invoke the
program, the instructions, or the code stored in the memory, to perform the method according to
the first aspect or the possible designs of the first aspect. The chip system may include a chip, or
may include a chip and another discrete component.

[0062] According to a fifteenth aspect, an embodiment of this application provides a chip

system. The chip system includes a processor, and may further include a memory. The memory is
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configured to store a program, instructions, or code. The processor is configured to invoke the
program, the instructions, or the code stored in the memory, to implement the method according
to the second aspect or the possible designs of the second aspect, or to implement the method
according to the third aspect or the possible designs of the third aspect. The chip system may
include a chip, or may include a chip and another discrete component.

[0063] According to a sixteenth aspect, a computer program product including instructions is
provided. When the computer program product runs on a computer, the method according to the
first aspect or the possible designs of the first aspect is performed.

[0064] According to a seventeenth aspect, a computer program product including instructions
is provided. When the computer program product runs on a computer, the method according to the
second aspect or the possible designs of the second aspect is performed, or the method according

to the third aspect or the possible designs of the third aspect is performed.

BRIEF DESCRIPTION OF DRAWINGS

[0065] FIG. la is a schematic diagram 1 of an architecture of a communication system
according to an embodiment of this application;

[0066] FIG. 1b is a schematic diagram 2 of an architecture of a communication system
according to an embodiment of this application;

[0067] FIG. 2a is a schematic diagram of an SC decoding calculation process according to an
embodiment of this application;

[0068] FIG. 2b is a schematic diagram of a decoding path in an SCL algorithm according to
an embodiment of this application;

[0069] FIG. 3 is a schematic diagram 1 of polar code source polarization according to an
embodiment of this application;

[0070] FIG. 4 is a schematic flowchart of a polar encoding method according to an
embodiment of this application;

[0071] FIG. 5 is a schematic diagram 1 of a polar encoding process according to an
embodiment of this application;

[0072] FIG. 6 is a schematic flowchart 1 of a polar decoding method according to an
embodiment of this application;

[0073] FIG. 7a is a schematic diagram of a process of an encoding/decoding method in an
application scenario 1 according to an embodiment of this application;

[0074] FIG. 7b is a schematic diagram of a process of an encoding/decoding method in an

application scenario 2 according to an embodiment of this application;
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[0075] FIG. 7c is a schematic diagram of a process of an encoding/decoding method in an
application scenario 3 according to an embodiment of this application;

[0076] FIG. 7d is a schematic diagram of a process of an encoding/decoding method in an
application scenario 4 according to an embodiment of this application;

[0077] FIG. 8 is a schematic diagram 2 of polar code source polarization according to an
embodiment of this application;

[0078] FIG. 9 is a schematic diagram of interleaving mapping according to an embodiment of
this application;

[0079] FIG. 10 is a schematic flowchart 2 of a polar decoding method according to an
embodiment of this application;

[0080] FIG. 1la is a schematic diagram 1 of a polar encoding process according to an
embodiment of this application;

[0081] FIG. 11b is a schematic diagram 1 of a polar decoding process according to an
embodiment of this application;

[0082] FIG. 12 is a schematic flowchart 2 of a polar decoding method according to an
embodiment of this application;

[0083] FIG. 13 is a schematic diagram 2 of a polar decoding process according to an
embodiment of this application;

[0084] FIG. 14a is a schematic diagram 1 of a bit change and a mapping relationship in an
encoding process according to an embodiment of this application;

[0085] FIG. 14b is a schematic diagram 2 of a bit change and a mapping relationship in an
encoding process according to an embodiment of this application;

[0086] FIG. 15 is a schematic diagram 1 of a structure of a polar encoding apparatus according
to an embodiment of this application;

[0087] FIG. 16 is a schematic diagram 1 of a structure of a polar decoding apparatus according
to an embodiment of this application;

[0088] FIG. 17 is a schematic diagram 2 of a structure of a polar encoding apparatus according
to an embodiment of this application;

[0089] FIG. 18 is a schematic diagram 2 of a structure of a polar decoding apparatus according
to an embodiment of this application;

[0090] FIG. 19 is a schematic diagram of a structure of a communication apparatus according
to an embodiment of this application; and

[0091] FIG. 20 is a schematic diagram of an architecture of a communication system according

to an embodiment of this application.
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DESCRIPTION OF EMBODIMENTS

[0092] Embodiments of this application provide a polar encoding method and apparatus and a
polar decoding method and apparatus. The methods and the apparatuses are based on a same
inventive concept. Because problem-resolving principles of the methods and the apparatuses are
similar, mutual reference may be made to implementations of the apparatuses and the methods.
Repeated parts are not described again.

[0093] In descriptions of embodiments of this application, the term "and/or" describes an
association relationship between associated objects and indicates that three relationships may exist.
For example, A and/or B may indicate the following three cases: Only A exists, both A and B exist,
and only B exists. A plurality of in this application means two or more. In addition, it should be
understood that in description of this application, terms such as "first" and "second" are merely
used for distinguishing and description, but should not be understood as indicating or implying
relative importance, or should not be understood as indicating or implying a sequence.

[0094] The following describes in detail embodiments of this application with reference to
accompanying drawings.

[0095] The polar encoding method and the polar decoding method provided in embodiments
of this application may be applied to a 5G communication system, for example, a 5G new radio
(new radio, NR) system, or may be applied to various future evolved communication systems, for
example, a 6th generation (6th generation, 6G) communication system or a space-air-sea-ground
integrated communication system.

[0096] FIG. 1a shows an architecture of a wireless communication system to which the polar
encoding method and the polar decoding method provided in embodiments of this application may
be applied. The wireless communication system 100 includes a transmitter 110 and a receiver 120.
The transmitter 110 may be a network device, and the receiver 120 is a terminal device; or the
transmitter 110 is a terminal device, and the receiver 120 is a network device. When the wireless
communication system includes a network device and a terminal device, the architecture of the
wireless communication system may alternatively be shown in FIG. 1b, and includes a network
device 101 and a terminal device 102.

[0097] The following describes possible implementations and functions of the network device
101 and the terminal device 102 by using examples.

[0098] The network device 101 provides a service for the terminal device 102 within a
coverage area of the network device 101. Refer to FIG. 1a. For example, the network device 101
provides radio access for one or more terminal devices 102 within the coverage area of the network

device 101.
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[0099] The network device 101 is a node in a radio access network (radio access network,
RAN), and may also be referred to as a base station, or may be referred to as a RAN node (or
device). Currently, some examples of the network device 101 are a next-generation NodeB (next-
generation NodeB, gNB), a next-generation evolved NodeB (next-generation evolved NodeB, Ng-
eNB), a transmission reception point (transmission reception point, TRP), an evolved NodeB
(evolved NodeB, eNB), a radio network controller (radio network controller, RNC), a NodeB
(NodeB, NB), a base station controller (base station controller, BSC), a base transceiver station
(base transceiver station, BTS), a home base station (for example, a home evolved NodeB, or a
home NodeB, HNB), a baseband unit (baseband unit, BBU), or a wireless fidelity (wireless fidelity,
Wi-Fi) access point (access point, AP). The network device 101 may alternatively be a satellite,
and the satellite may also be referred to as a high-altitude platform, a high-altitude aircraft, or a
satellite base station. Alternatively, the network device 101 may be another device that has a
function of the network device. For example, the network device 101 may be alternatively a device
that functions as a network device in device-to-device (device to device, D2D) communication,
vehicle-to-everything, or machine-to-machine (machine to machine, M2M) communication.
Alternatively, the network device 101 may be any possible network device in a future
communication system.

[00100] The terminal device 102 is also be referred to as user equipment (user equipment, UE),
a mobile station (mobile station, MS), a mobile terminal (mobile terminal, MT), or the like, and is
a device that provides a user with voice and/or data connectivity. For example, the terminal device
102 is a handheld device, a vehicle-mounted device, or the like that has a wireless connection
function. Currently, the terminal device 102 may be a mobile phone (mobile phone), a tablet
computer, a notebook computer, a palmtop computer, a mobile internet device (mobile internet
device, MID), a wearable device (for example, a smartwatch, a smart band, or a pedometer), a
vehicle-mounted device (for example, a vehicle-mounted device on an automobile, a bicycle, an
electric vehicle, an aircraft, a ship, a train, or a high-speed train), a virtual reality (virtual reality,
VR) device, an augmented reality (augmented reality, AR) device, a wireless terminal in industrial
control (industrial control), a smart home device (for example, a refrigerator, a television, an air
conditioner, or an electricity meter), an intelligent robot, a workshop device, a wireless terminal
in self-driving (self-driving), a wireless terminal in remote medical surgery (remote medical
surgery), a wireless terminal in a smart grid (smart grid), a wireless terminal in transportation
safety (transportation safety), a wireless terminal in a smart city (smart city), a wireless terminal
in a smart home (smart home), a flight device (for example, an intelligent robot, a hot balloon, an
uncrewed aerial vehicle, or an aircraft), or the like. Alternatively, the terminal device 102 may be

another device that has a function of the terminal device. For example, the terminal device 102
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may be alternatively a device that functions as a terminal device in device-to-device (device to
device, D2D) communication, vehicle-to-everything, or machine-to-machine (machine to machine,
M2M) communication. Particularly, when communication is performed between network devices,
a network device that functions as a terminal device may also be considered as a terminal device.
[00101] To facilitate understanding of embodiments of this application, the following first
explains and describes concepts or terms in this application, to facilitate understanding by persons
skilled in the art.

[00102] (1) Polar code (polar code)

[00103] The polar code is also a linear block code, and a generator matrix is G, . The generator
matrix may also be denoted as G, and the generator matrix may also be referred to as an encoding
matrix. An encoding process is x,' =u,'G, , where u, =(u,,u,,---,u,) isa binary row vector, a

F@(logz(N)) )

2

lengthis N ,Nisacode length of the polarcode, G, isan NxN matrix,and G, =

F ®(log, (V)

i is defined as a Kronecker (Kronecker) product of log, N matrices F,, where

1 0
- L J |
[00104] (2) Polar code channel coding
[00105] In a channel coding process of a polar code, some bits in u" are used to carry
information, and the bits carrying the information are referred to as information bits. The bits for
carrying the information form an information bit set, and a set of indexes of these bits is denoted
as A . Other bits are set to fixed values pre-agreed on by a receiver and a transmitter, and are

referred to as a set of fixed bits or a set of frozen bits (frozen bits). A set of indexes of the bits is
represented by a complementary set A of A . A polar encoding process is equivalent to
x¥ = u,G (A)® u, Gy (AC) . Herein, Gn(A) is a submatrix obtained by using rows
corresponding to indexes in a set A in Gn, and GN(AC) 1s a submatrix obtained by using rows

corresponding to indexes inaset A in Gn. u, isan information bit setin ", and a quantity

of information bits is K. U, isa fixed bitsetin u,', and a quantity of fixed bits is (N-K), and
the bits are known bits. These fixed bits are usually set to 0. However, the fixed bits may be set to
any value provided that the value is agreed on by the receiver and the transmitter in advance.

Therefore, encoding output of the polar code may be simplified as: x' =u, G, (A), where u,

is the information bit set in «", u, is a row vector of a length K, that is, |A [=K , | |
represents a quantity of elements in the set, K 1is an information block size, K is a quantity of

information bits, or K is a size of the information bit set, G, (A ) is a submatrix obtained by
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using rows corresponding to indexes in the set A in the matrix G,,and G,(A) isa KxN

matrix.

[00106] A construction process of the polar code is a selection process of the set A . This
determines performance of the polar code. The construction process of the polar code is usually as
follows: It is determined, based on a mother code length N, that there are N polarization channels
in total, corresponding to N rows of a generator matrix respectively, to calculate reliability of the
polarization channels. Indexes of first K polarization channels with high reliability are used as
elements of the set A , and indexes corresponding to remaining (N—K) polarization channels are

used as elements of the index set A © of the fixed bits. The set A determines locations of the

information bits, and the set A ¢ determines locations of the fixed bits.

[00107] (2) Polar code channel decoding

[00108] An SC decoding method is an effective decoding algorithm for a polar code. After
receiving a signal, a decoding device calculates a log-likelihood ratio (Log Likelihood Ratio, LLR)
of the information bits one by one. If the LLR of the information bit is greater than 0, a decoding
result is 0; if the LLR of the information bits is less than 0, a decoding result is 1. The fixed bits
are set to 0 regardless of the LLR. FIG. 2a is a schematic diagram of an SC decoding calculation
process. For example, there are four decoded bits. There are eight computing nodes in total in FIG.
2a, in which there are four F nodes and four G nodes, and the F node and the G node respectively
correspond to an F function and a G function. Calculation for the F node requires two LLR inputs
on a right side of the F node. Calculation for the G node requires two LLR inputs on a right side
of the G node and an upper-stage output that is also used as an input. An output can be calculated
only after input calculation is completed. According to the foregoing calculation rule, in FIG. 2a,
starting from receiving a signal from the right side, calculation is sequentially performed for the
eight nodes, the obtained decoded bits are successively @O —@ —® — @ , and decoding is
completed.

[00109] Performance of the SC decoding method is poor. A result of a previous decoded bit is
used as an input for calculation of a next decoded bit. Once a judgment error occurs, the error
spreads, and there is no opportunity to correct the error. Therefore, decoding performance is not
high. To resolve this problem, in a successive elimination list (successive cancellation list, SCL)
algorithm, when decoding each information bit, the SCL algorithm stores decoding results
corresponding to 0 and 1 as two branch decoding paths (path splitting for short). FIG. 2b is a
schematic diagram of a decoding path in the SCL algorithm. As shown in FIG. 2b, each layer
represents one decoded bit. If a decoding result is 0, a path is developed along a left subtree. If a

decoding result is 1, a path is developed along a right subtree. When a total quantity of decoding
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paths exceeds a preset path width L (generally, L is an integer power of 2), L paths with optimal
PM values are selected for storage, and the paths continue to be developed to obtain subsequent
decoded bits through decoding. The PM values are for determining whether the paths are good or
bad, and the PM values are obtained through calculation by using the LLR. For a decoded bit at
each level, the PM values of the L paths are sorted in ascending order, and a correct path is selected
by using the PM values. This process is repeated until the last bit is decoded.

[00110] (3) Source polar code

[00111] An example in which two source bits are polarized is used to describe how binary
source entropy is polarized. As shown in FIG. 3, it is assumed that X; and X, are two
independent Ber(q) sources. Ber(q) refers to the Bernoulli (Bernoulli, Ber) distribution with a
distribution probability of q. A source entropy of X; and X, is H(x;) = H(x;) = H(q) =
—qlog, q — (1 —q)log,(1 — q). Relationships u; = x;@®x, and u, = x, are obtained by

using a polarization matrix [1 (1)]

[00112] Because the polarization matrix is a reversible matrix, a sum of entropy obtained after
the polarization operation shown in FIG. 3 remains unchanged. To be specific,

[00113]  H(xyx3) = H(uquz) = H(uy) + H(uzluy).

[00114] In addition, because u, = x,, H(uy|u;) < H(x,) = H(x;). Because the sum of
entropy after the polarization operation remains unchanged, H(u,) = H(x;). It can be learned
that after the polarization operation, two independent and co-distributed Bernoulli sources become
one signal source with a larger source entropy and one signal source with a smaller source entropy.
This is the basic principle of source polarization.

[00115] If the foregoing process is repeated, and two independent and co-distributed sources
(corresponding to entropy H(u;) and H(u,|u,)) are further polarized, the source entropy may

1 018"
1 1

® is a tensor operation (tensor product). The polarization process is obtained by uy = xy X Gy.

be further polarized. In this case, a corresponding polarization matrix is Gy = [ , where

[00116] H(uy) = YN, H(u;|ui™") is obtained based on a chain formula for entropy.

[00117] According to the source polarization theory, H(u;|ui™!) continues to be polarized
with an increase of N, but there is a range 0 < H(u;|ui™!) < 1. Therefore, in an extreme case
N — oo, H(u;|ut™") is polarized to 1 or 0. Because the total entropy is conserved, H(uy) =
H(xy) = NH(x).

[00118] A proportion of a part that is polarized to 1 may be obtained as H(x), that is,

liern): H(uguit)=1|

lim

N->oo

= H(x); and
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lie[N): H(ug|ui")=o|

lim

Jim =1-H(x).

[00119] In this way, compression of a signal x) may be converted into compression of u.
Some bits in u}) may be completely determined by other bits u}~*, and do not need to be stored,
and only a part of the other part H (ui |u§_1) = 1 needs to stored.

[00120] In conclusion, a first step of a source polar encoding process is polarization
transformation, that is, u) = xN¥ Gy, where xY = {x;,x,, ..., xy} is a non-uniformly distributed
binary source sequence whose length is N. According to a source polarization theory, as N
increases, a part of a conditional entropy H(u;|ut™) (i = 1,2,...,N) tends to be 0 (that is, u;

1

can be basically determined after u!~! is given), and the other part tends to be 1 (that is, u;

1 is given). According to this principle, u} is divided into two

cannot be determined after ui~
parts. One part is referred to as redundant bits (that is, bits whose conditional entropy is close to
0), and the other part is referred to as fixed bits. An index set of these bits is denoted as F. In
embodiments of this application, in source coding and source decoding, the fixed bits may also be
referred to as source fixed bits, and the redundant bits may also be referred to as source redundant
bits. Source bits include source fixed bits and source redundant bits.

[00121]  After the fixed bits are known, the redundant bits may be correctly recovered with a
high probability. A second step of the source polar encoding process is to delete a redundant bit.
Therefore, the entire source polar encoding process may be simplified as ur = xY Gy[F], where
Gy [F] is a submatrix including columns corresponding to indexes in a set F in Gy.

[00122] Based on coupling between the source coding and the channel coding, source polar

decoding is basically the same as channel polar decoding. All channel log-likelihood ratios

P(yi|x;=0)
P(yilx;=1)

P(0)
1-P(0)’

(i = 1,2, ..., N) input to channel polar code decoders are set to In where P(0)

is a probability that a source bit is 0, and the channel polar code decoder may be directly for
performing source polar decoding.

[00123] When a conventional source polar encoding scheme is used, performance is not good
when SC decoding is used in a scenario with a limited code length. Performance is improved to
some extent when SCL decoding is used, but is still not ideal. On one hand, path metrics of some
candidate results in a decoding list are completely the same. On the other hand, there may not be
a highest probability to have a correct decoding result.

[00124] This application provides a polar encoding method, to improve performance of source
polar codes.

[00125] As shown in FIG. 4, a procedure of a polar encoding method is described as follows:

The method is performed by a transmitter or an encoder, and the transmitter or the encoder may
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be a terminal device, or may be a network device. The transmitter performs polar encoding
according to the following method, and may send an output source coding codeword to a receiver.
Alternatively, the encoder performs polar encoding according to the following method, and may
send an output source coding codeword to a decoder. If the transmitter or the encoder is a terminal
device, the receiver or the decoder may be a network device. If the transmitter or the encoder is a
network device, the receiver or the decoder may be a terminal device.

[00126] S401. Obtain to-be-encoded source bits.

[00127] S402. Perform first polar encoding on the to-be-encoded source bits to obtain encoded
source bits.

[00128] The first polar encoding includes first transformation and second transformation, the
first transformation is polarization transformation, a mother code length corresponding to the first
transformation is Ns, the polarization transformation is performed on the to-be-encoded source
bits to obtain first source bits, and the second transformation is performed on the first source bits
to obtain the encoded source bits. Ns may be an integer power of 2.

[00129] S403. Determine assistance information based on the first source bits.

[00130] S404. Output a source coding codeword, where the source coding codeword includes
the encoded source bits and the assistance information.

[00131] The encoded source bits and the assistance information may be combined (combine) to
obtain the source coding codeword. For example, the assistance information is spliced after the
encoded source bits, or the encoded source bits are spliced after the assistance information, or the
assistance information is inserted in a preset position between the encoded source bits.

[00132] Information based on original source bits is added to a source coding result, so that
source decoding can be assisted, thereby improving performance of source polar codes.

[00133] As shown in FIG. 5, FIG. 5 is a schematic diagram of the foregoing polar encoding
process.

[00134] The second transformation includes one or more of the following operations: a
convolution operation, an upper triangular transformation operation, a compression operation, or
an interleaving operation.

[00135] For example, the second transformation may be a compression operation. The first
source bits are obtained after polarization transformation is performed on the to-be-encoded source
bits; the first source bits are compressed, that is, bits corresponding to a fixed bit set F in the first
source bits are reserved, and redundant bits are deleted; and the encoded source bits are obtained.
[00136] For another example, the second transformation may be a convolution operation and a
compression operation. The first source bits are obtained after polarization transformation is

performed on the to-be-encoded source bits. After the convolution operation is performed on the
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first source bits, the compression operation is performed on the first source bits. The compression
operation is: For bits obtained after the convolution operation is performed on the first source bits,
bits corresponding to the fixed bit set F are reserved, and redundant bits are deleted; and the
encoded source bits are obtained. The convolution operation may cause an additional association
between polarized bits to some extent. Compared with a method in which no convolution operation
is performed, in this method, more original information can be retained at a same compression rate,
and a lower decoding error rate can be achieved. Based on the convolution operation, a relationship
between source fixed bits and source information bits, and a value of each bit obtained after the
convolution operation may change. For the operation of reserving the bits corresponding to the
fixed bit set F, the bits corresponding to the fixed bit set F may be bits that are in the bits obtained
after the convolution operation and that correspond to the source fixed bits in original F.

[00137] For another example, the second transformation may be an upper triangular
transformation operation and a compression operation. The first source bits are obtained after
polarization transformation is performed on the to-be-encoded source bits. After the upper
triangular transformation operation is performed on the first source bits, the compression operation
is performed on the first source bits. The compression operation is: For bits obtained after the
upper triangular transformation operation is performed on the first source bits, bits corresponding
to the fixed bit set F are reserved, and redundant bits are deleted; and the encoded source bits are
obtained. The upper triangular operation is to multiply the first source bits by an upper triangular
matrix. The upper triangular operation may cause an additional association between polarized bits
to some extent. Compared with a method in which no upper triangular operation is performed, in
this method, more original information can be retained at a same compression rate, and a lower
decoding error rate can be achieved.

[00138] The determining assistance information based on the first source bits may be
implemented in the following manner:

[00139] Manner 1: The assistance information is check bits. Optionally, check coding is
performed on the first source bits to obtain check bits, where the check bits are the assistance
information. The output source coding codeword includes the encoded source bits and the check
bits. The check bits are included in an encoding result, so that a correct decoding result can be
obtained through screening by using the check bits during decoding, thereby helping improve
performance of source polar codes. Especially in a scenario with a limited code length, short code
performance of the source polar codes can be improved.

[00140] Manner 2: The assistance information is indication information, and the indication
information indicates a candidate vector. For example, the indication information indicates a

sequence number of a candidate vector. Optionally, first decoding may be performed on the
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encoded source bits to obtain at least one candidate decoding result, a first decoding result that is
in the at least one candidate decoding result and that matches the first source bits is determined,
and indication information of the first decoding result is determined as the assistance information.
[00141] For example, the first decoding is SCL decoding, and SCL decoding is performed on
the encoded source bits to obtain L candidate vectors, where L is a positive integer, and L may be
a decoding path width. The L candidate vectors are compared with the first source bits; and a first
vector in the L candidate vectors that is the same as the first source bits is determined, where
information about a sequence number of the first vector in the L candidate vectors is the indication
information. The indication information may be a binary representation of a sequence number of
a candidate vector.

[00142] In this way, decoding may be performed once based on an encoding result during
encoding, to determine whether the encoding is successful. In addition, the assistance information
is generated based on a correct result indicating successful decoding, and the assistance
information is in the source coding codeword. In this way, a decoding result indicated by the
assistance information may be output during source decoding, thereby helping improve
performance of the source polar codes. Especially in a scenario with a limited code length, short
code performance of the source polar codes can be improved. Compared with a decoding method
without assistance information, in this method, a size of a decoding list required to achieve a same
bit error rate can be greatly reduced, that is, decoding complexity can be greatly reduced.

[00143] The embodiment in FIG. 4 describes the polar encoding method. An embodiment of
this application further provides a polar decoding method, to improve performance of source polar
codes. The polar decoding method is a separately protected solution in embodiments of this
application, or may be combined based on the polar encoding scheme provided in FIG. 4, to form
a solution that needs to be protected in embodiments of this application.

[00144] As shown in FIG. 6, a procedure of a polar decoding method provided in an
embodiment of this application is as follows: The method is performed by a receiver or a decoder,
and the receiver or the decoder may be a terminal device or a network device. The receiver receives
to-be-decoded source information from a transmitter, and performs polar decoding according to
the following method. Alternatively, the decoder receives to-be-decoded source information from
an encoder, and performs polar decoding according to the following method. If the receiver or the
decoder is a terminal device, the transmitter or the encoder may be a network device. If the receiver
or the decoder is a network device, the transmitter or the encoder may be a terminal device.
[00145] S601. Obtain to-be-decoded source information.

[00146] The to-be-decoded source information includes assistance information.

[00147] S602. Perform first decoding on the to-be-decoded source information to obtain L
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candidate vectors, where L is a positive integer.

[00148] The first decoding may be SCL decoding or other decoding, for example, list decoding
of PAC codes. L is a decoding path width L, and L may be an integer power of 2.

[00149] S603. Determine a first vector in the L candidate vectors based on the assistance
information.

[00150] S604. Perform polarization transformation on the first vector to obtain a source
decoding result.

[00151] S605. Output the source decoding result.

[00152] Source decoding is performed by using the assistance information, so that decoding
performance of source polar codes can be improved.

[00153] The following describes some optional implementations of the embodiment in FIG. 6.
[00154] The following describes some possible implementations of the assistance information.
[00155] Manner a: The assistance information is check bits. Optionally, the L candidate vectors
may be sequentially checked based on the check bits and in an order of weight values; and when
the check succeeds, a candidate vector on which the check succeeds is determined as the first
vector. For example, first decoding is performed on the to-be-decoded source information to obtain
the L candidate vectors. The L candidate vectors each have a weight value, and the weight values
of the L candidate vectors may determine an order of the L candidate vectors, for example, in
descending order of the weight values, or in ascending order of the weight values. For example,
the weight is a PM value, and the candidate vectors may be sequentially checked based on the
check bits and in an order of PM values of the L candidate vectors. For example, one candidate
vector is sequentially selected in descending order of absolute values of the PM values of the L
candidate vectors, and the candidate vector is checked based on the check bits. If the check
succeeds, the vector on which the check succeeds is the first vector. If the check fails, a next
selected candidate vector continues to be checked based on the check bits. If the check succeeds,
the vector on which the check succeeds is the first vector. In this way, the first vector is selected.
[00156] The manner a may be combined with the manner 1 in the foregoing source polar
encoding scheme. The encoder performs check coding on the first source bits to obtain check bits,
where the check bits are the assistance information. The output source coding codeword includes
the encoded source bits and the check bits. When performing source decoding, the decoder
performs decoding based on the check bits obtained by the encoder through encoding, so that a
correct decoding result can be obtained through screening by using the check bits during decoding,
thereby helping improve performance of source polar codes. Especially in a scenario with a limited
code length, short code performance of the source polar codes can be improved.

[00157] Manner b: The assistance information is indication information, and the indication
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information indicates a candidate vector. For example, the indication information indicates a
sequence number of a candidate vector. Optionally, the first vector corresponding to the sequence
number indicated by the indication information in the L candidate vectors is determined based on
the indication information. The indication information herein may indicate one of the L candidate
vectors. For example, the indication information may indicate a sequence number of the first vector,
and the indication information may be a binary representation of the sequence number of the first
vector. Assuming that L=32, and the indication information is a binary representation of 2, the
decoder may determine, based on the binary representation of 2, the first vector corresponding to
the sequence number 2.

[00158] The manner b may be combined with the manner 2 in the foregoing source polar
encoding scheme. In this case, the encoder performs SCL decoding on the encoded source bits to
obtain L candidate vectors. The L candidate vectors are compared with the first source bits; and a
first vector in the L candidate vectors that is the same as the first source bits is determined, where
information about a sequence number of the first vector in the L candidate vectors is the indication
information. The decoder may determine, based on the indication information, the first vector
corresponding to the sequence number indicated by the indication information in the L candidate
vectors. In this way, decoding may be performed once based on an encoding result during encoding,
to determine whether the encoding is successful. In addition, the assistance information is
generated based on a correct result indicating successful decoding, and the assistance information
is in the source coding codeword. In this way, a decoding result indicated by the assistance
information may be output during source decoding, thereby helping improve performance of the
source polar codes. Especially in a scenario with a limited code length, short code performance of
the source polar codes can be improved. Compared with a decoding method without assistance
information, in this method, a size of a decoding list required to achieve a same bit error rate can
be greatly reduced, that is, decoding complexity can be greatly reduced.

[00159] The polar decoding method is described above. Based on a same technical concept, in
the first decoding, SC decoding is performed on the to-be-decoded source information based on
SC decoding, to obtain a vector. The assistance information is the check bits, and a vector is
checked based on the assistance information (that is, based on the check bits). If the check on the
vector succeeds, a polarization transformation is performed on the vector, to obtain a source
decoding result. If the vector check fails, a previous procedure of the source decoding is returned
to, for example, channel decoding is returned to, and a next result of the channel decoding is
selected according to a channel decoding rule, to perform source decoding. The source decoding
is to repeat the foregoing process: performing SC decoding on to-be-decoded source information

to obtain a vector, and checking the vector based on the check bits; and if the check succeeds,
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performing polarization transformation on the vector to obtain a source decoding result.

[00160] Based on the polar encoding method in the embodiment in FIG. 4 and the polar
decoding method shown in FIG. 6, the following further provides descriptions in detail with
reference to a specific application scenario. In the following embodiments in a specific application
scenario, an encoding method and a decoding method are combined for description. It may be
understood that the encoding method and the decoding method may also be used independently.
[00161] Application scenario 1:

[00162] It is assumed that the assistance information is check bits, and the second
transformation is a compression operation. A schematic diagram of a process of the
encoding/decoding method is shown in FIG. 7a. A specific process may be described as follows:
[00163] Encoding process: Polarization transformation is performed on to-be-encoded source
bits s to obtain u; a compression operation is performed on u, that is, bits uf corresponding to a
fixed bit set F in u are reserved, and redundant bits are deleted; check coding is performed on u to
generate check bits ¢, for example, CRC coding may be performed on u to generate CRC check
bits ¢c; and u” and the check bits ¢ are combined (combine) to obtain a source coding codeword
Scomp-

[00164] Decoding process: Source SCL decoding whose list size is L is performed based on u”,
to obtain a candidate decoding result list £ = {u;},i = 1,2, ..., L.

[00165] CRC check is sequentially performed on candidate results in £ in descending order of
reliability or probabilities. If check on specific U; succeeds, the check is stopped and U = U; is
output; if check on all elements fails, & = U, is output.

[00166] Polarization transformation is performed on # to obtain a source decoding result §.
[00167] Application scenario 2:

[00168] It is assumed that the assistance information is check bits, and the second
transformation is a convolution operation (or an upper triangular transformation operation) and a
compression operation. A schematic diagram of a process of the encoding/decoding method is
shown in FIG. 7b. A specific process may be described as follows:

[00169] Encoding process: Polarization transformation is performed on to-be-encoded source
bits s to obtain v; a compression operation (or an upper triangular transformation operation) is
performed on v once, to obtain u; bits u” corresponding to a fixed bit set F in u are reserved, and
redundant bits are deleted; CRC coding is performed on u to generate CRC check bits ¢; and u”

and the check bits ¢ are combined (combine) to obtain a source coding codeword S¢omp.

[00170] Decoding process: Source decoding with a list size of L is performed based on uF,
where source decoding may be performed by using a list decoder for polarization-adjusted

convolutional (polarization-adjusted convolutional, PAC) codes, to obtain a candidate decoding
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result list £ = {u;},i =1,2,...,L.

[00171] CRC check is sequentially performed on candidate results in £ in descending order of
reliability. If check on specific U; succeeds, the check is stopped and U = U; is output; if check
on all elements fails, U = U, is output.

[00172] Polarization transformation is performed on % to obtain a source decoding result §.
[00173] It can be learned that, in this embodiment of this application, if the second
transformation includes a convolution operation or an upper triangular transformation operation,
a list decoder for PAC codes may be used during decoding. The list decoder for the PAC codes is
similar to an SCL decoder for polar codes, but impact of convolution needs to be considered in a
decoding process.

[00174] Application scenario 3:

[00175] It is assumed that the assistance information is indication information, and the second
transformation is a compression operation. A schematic diagram of a process of the
encoding/decoding method is shown in FIG. 7c. A specific process may be described as follows:
[00176] Encoding process: Polarization transformation is performed on to-be-encoded source
bits s to obtain u; bits corresponding to a fixed bit set F in u are reserved, and redundant bits are
deleted; list decoding whose list size is L is performed by using u’, to obtain a candidate result
list, where the candidate result list includes L candidate vectors; and the L candidate vectors are
compared with the first source bits u’, to determine a first vector that is in the L candidate vectors
and that is the same as the first source bits u”. The first vector is a correct path, and a binary
representation ig of the first vector is put into an encoding result. i is a binary representation of
one of sequence numbers 1 to L, and a value of ig is log2(L) bits. If no vector that is the same as
the first source bits u” exists in the L candidate vectors, it is known that the encoding fails. In
this case, it may be assumed that ig = 0. u” and i, are combined into Scomp to obtain the
source coding codeword. Optionally, when the encoding fails, L may increase to continue to
perform encoding until encoding succeeds. Because log2(L) bits are required to represent 1 to L
by using binary numbers, when this policy is used, the solution may become a lossless variable-
length code solution.

[00177] Decoding process:

[00178] Source SCL decoding whose list size is L is performed based on uf, to obtain a
candidate decoding result list £ = {u;},i = 1,2, ..., L.

[00179] © = u;_ is output.

[00180] Polarization transformation is performed on U to obtain a source decoding result §.
[00181] Application scenario 4:

[00182] It is assumed that the assistance information is indication information, and the second
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transformation is a convolution operation (or an upper triangular transformation operation) and a
compression operation. A schematic diagram of a process of the encoding/decoding method is
shown in FIG. 7d. A specific process may be described as follows:

[00183] Encoding process: Polarization transformation is performed on to-be-encoded source
bits s to obtain v; a convolution operation (or an upper triangular transformation operation) is
performed on v once to obtain u; bits corresponding to a fixed bit set F in u are reserved, and
redundant bits are deleted; list decoding whose list size is L is performed by using u’, to obtain a
candidate result list, where the candidate result list includes L candidate vectors; and the L
candidate vectors are compared with the first source bits u”, to determine a first vector that is in
the L candidate vectors and that is the same as the first source bits u”. The first vector is a correct
path, and a binary representation i of the first vector is put into an encoding result. i is a binary
representation of one of sequence numbers 1 to L, and a value of i is log2(L) bits. If no vector
that is the same as the first source bits uf exists in the L candidate vectors, it is known that the
encoding fails. In this case, it may be assumed that i, = 0. u* and i are combined into Scomp
to obtain the source coding codeword. Optionally, when the encoding fails, L may increase to
continue to perform encoding until encoding succeeds. Because log2(L) bits are required to
represent 1 to L by using binary numbers, when this policy is used, the solution may become a
lossless variable-length code solution.

[00184] Decoding process:

[00185] List decoding whose list size is L is performed, on PAC codes, based on uf, to obtain
a candidate decoding result list £ = {u;},i = 1,2, ..., L.

[00186] u = u;_ is output.

[00187] Polarization transformation is performed on # to obtain a source decoding result §.
[00188] A source in an information theory, a source given in a channel coding theorem, and a
limiting rate that can reach in channel coding all require a code length to be infinite. In a case of a
limited code length, neither of them can reach their respective limit rate. A shorter code length
indicates that an actually reached rate is far from a theoretical limit. Therefore, the separated source
coding and channel coding are optimal only when the code length is very long. In an actual
application, a code length for communication is usually limited due to factors such as complexity
and a delay. In this case, even if original information is compressed through source coding, some
residual redundancy still exists. A channel decoder uses this part of source redundancy to assist
decoding, and a decoding error probability of a system can be greatly reduced. Therefore, joint
source-channel coding is strictly superior to separate source-channel coding under a finite code
length.

[00189] The following describes another polar encoding method provided in an embodiment of
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this application. The method is a joint source-channel coding method. The method may be
combined with the source coding method provided in the foregoing embodiment, and a channel
coding method may be added on this basis.

[00190] As shown in FIG. 8, a specific procedure of the polar encoding method is as follows:
[00191] S80I to S804 are the same as S401 to S404.

[00192] S805. Perform second polar encoding on the source coding codeword to obtain a
channel coding codeword.

[00193] A mother code length corresponding to the second polar encoding is Nc, and Nc may
be an integer power of 2. The second polar encoding may be polar channel coding.

[00194] S806. Output the channel coding codeword.

[00195] As described in the foregoing description of (2) about polar channel coding, during
polar channel coding, the first K polarization channels with high reliability are locations of to-be-
coded bits, and remaining locations are locations of fixed bits. The polarization channel may also
be referred to as a polarized subchannel, a mother code length is Nc, and first K polarized
subchannels with high reliability in the Nc polarized subchannels may be referred to as information
subchannels. In the embodiment in FIG. 8, the to-be-encoded bits include the source coding
codeword, and the source coding codeword is mapped to information subchannels. Optionally,
check coding may be performed on the source coding codeword to obtain a check coding codeword.
For example, CRC coding is performed on the source coding codeword to obtain a CRC check
coding codeword. The to-be-encoded bits include a source coding codeword and the check coding
codeword, and the source coding codeword and the check coding codeword are mapped to
information subchannels.

[00196] After mapping is implemented, the to-be-coded channel bits are obtained; and then
second polar encoding is performed on the to-be-coded channel bits to obtain the foregoing
channel coding codeword, and the channel coding codeword is output.

[00197] The following provides an optional implementation of mapping the source coding
codeword to the information subchannels. It may be understood that, when check coding is
performed on the source coding codeword, the source coding codeword and the check coding
codeword need to be mapped to the information subchannels. For the descriptions of a mapping
manner, in this specification, that no check coding is performed on the source coding codeword is
used as an example, that is, the source coding codeword is mapped to the information subchannels.
The described method may be applied to a scenario in which the source coding codeword and the
check coding codeword are mapped to the information subchannels.

[00198] Mapping rule A:

[00199] The mapping rule A is natural mapping. The source coding codeword is sequentially
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mapped to the information subchannels in a natural order to obtain the to-be-encoded channel bits.
[00200] Mapping rule B:

[00201] The mapping rule B is interleaving mapping.

[00202] The source coding codeword is mapped to the information subchannels according to
the mapping rule B, to obtain the to-be-encoded channel bits. The source coding codeword
includes m flag bits. Reliability of the m flag bits is higher than reliability of other bits in the source
coding codeword. The flag bit may also have another name. This is not limited in this application.
[00203] During source coding, an encoder may mark the m flag bits for reference in an
interleaving mapping process of channel coding. Due to a limited code length, some of polarized
source bits have specific reliability (that is, conditional entropy is small and close to 0), but are
insufficient to be deleted. These bits may be for providing additional soft information for channel
decoding. When a source code is constructed, m fixed bits with high reliability (that is, low
conditional entropy) are marked as flag bits.

[00204] The interleaving mapping is: first, sequentially mapping the source coding codeword
to information subchannels in a natural order to obtain a channel information bit sequence; and
exchanging a bit mapped to an information subchannel whose sequence number is x; and a bit
mapped to an information subchannel whose sequence number is X;, to obtain to-be-encoded
channel bits, where x; is a sequence number, in the channel information bit sequence, of an
information subchannel to which an i flag bit in the m flag bits is mapped, and x| is a sequence
number, in the channel information bit sequence, of an information subchannel with lowest
reliability in information subchannels whose sequence number range is [Xi, Xi+1), where Xi+1 1S a
sequence number, in the channel information bit sequence, of an information subchannel to which
an (i+1)™ flag bit in the m flag bits is mapped, both i and j are positive integers, and i=1, 2, ..., m.
[00205] The first K polarized subchannels with high reliability in the Nc polarized subchannels
are information subchannels, that is, a quantity of the information subchannels is K. As shown in
FIG. 9, a source coding codeword includes m flag bits, and sequence numbers of the m flag bits
are represented by 1, where i=1, 2, ..., m. The flag bit is represented by a shadow. The source coding
codeword is mapped to the information subchannels in a natural order to obtain the channel
information bit sequence. The mapping in the natural order is: The 1% bit of the source coding
codeword is mapped to the 1* information subchannel, the 2" bit of the source coding codeword
is mapped to the second information subchannel, and so on, a K™ bit of the source coding codeword
is mapped to a K information subchannel.

[00206] After the source coding codeword is mapped to the information subchannels in
sequence in the natural order, the m flag bits are correspondingly mapped to the m information

subchannels. A sequence number of an information subchannel to which an i flag bit in the m
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flag bits is mapped is x; in the channel information bit sequence, and a sequence number of an
information subchannel to which an (i+1)" flag bit in the m flag bits is mapped is xi+1 in the channel
information bit sequence. The sequence number range [x;, xi+1) indicates that sequence numbers
start from an information subchannel to which the i flag bit in the m flag bits is mapped and end
with an information subchannel previous to an information subchannel to the (i+1)™ flag bit in the
m flag bits is mapped.

[00207] For example, as shown in FIG. 9, a sequence number of an information subchannel to
which the 1* flag bit in the m flag bits is mapped is x; in the channel information bit sequence,
and a sequence number of an information subchannel to which the 2" flag bit in the m flag bits is
mapped is x> in the channel information bit sequence, and a bit mapped to an information
subchannel whose sequence number is X1 and a bit mapped to an information subchannel with the
lowest reliability in information subchannels whose sequence number range is [xi, X2) are
exchanged. A method for determining an information subchannel to which the i flag bit in the m
flag bits is mapped similar to that for the 1% flag bit in the m flag bits.

[00208] It may be understood that, when an information subchannel to which an m'™ flag bit in
the m flag bits is mapped is determined, if after the mapping in the natural order, there are other
information subchannels following the information subchannel to which the m'" flag bit is mapped,
a bit mapped to an information subchannel whose sequence number is X, and a bit mapped to an
information subchannel with the lowest reliability in the other information subchannels are
exchanged. Certainly, the bit on the information subchannel whose sequence number is Xm may
not be exchanged, which is shown in FIG. 9. If there is no other information subchannel following
the information subchannel to which the m™ flag bit is mapped, the bit on the information
subchannel whose sequence number is x™ are not exchanged, that is, the bits are mapped in an
original natural order.

[00209] It may be understood that, in the foregoing descriptions, for ease of understanding by
persons skilled in the art, the interleaving mapping process is divided into two steps: natural order
based mapping and exchange. In an actual application, the natural mapping step may be omitted
according to the same mapping rule, and the source coding codeword is directly mapped to the
information subchannels to obtain the to-be-encoded channel bits. Results obtained in the two
manners are the same. For example, FIG. 9 is still used as an example. Bits in the source coding
codeword are mapped to information subchannels one by one according to a natural order. When
the 1" flag bit is encountered, the 1% flag bit is directly mapped to an information subchannel with
the lowest reliability in [x1, Xx2). When a bit corresponding to the information subchannel with the
lowest reliability in [X1, X2) in the source coding codeword is encountered, the bit is mapped to an

information subchannel corresponding to the 1* flag bit.

32



10

15

20

25

30

35

[00210] Certainly, parallel mapping may be performed according to a mapping rule. For
example, the source coding codeword is mapped to the information subchannels in parallel based
on a mapping pattern corresponding to the mapping rule.

[00211] The polar encoding method provided in the embodiment in FIG. 8 is a joint source-
channel coding method. An embodiment of this application further provides a polar decoding
method, which may be referred to as a joint source-channel decoding method, to improve
performance of source polar codes. The polar decoding method is a separately protected solution
in embodiments of this application, or may be combined based on the polar encoding scheme
provided in FIG. 8, to form a solution that needs to be protected in embodiments of this application.
The following separately describes two possible polar decoding methods.

[00212] As shown in FIG. 10, a procedure of a polar decoding method provided in an
embodiment of this application is as follows:

[00213] The method is performed by a receiver or a decoder, and the receiver or the decoder
may be a terminal device or a network device. The receiver receives to-be-decoded source
information from a transmitter, and performs polar decoding according to the following method.
Alternatively, the decoder receives to-be-decoded source information from an encoder, and
performs polar decoding according to the following method. If the receiver or the decoder is a
terminal device, the transmitter or the encoder may be a network device. If the receiver or the
decoder is a network device, the transmitter or the encoder may be a terminal device.

[00214] S1001. Perform second decoding on to-be-decoded channel information to obtain a
channel decoding result.

[00215] S1002. Determine to-be-decoded source information based on the channel decoding
result.

[00216] This step may correspond to step S601 of obtaining the to-be-decoded source
information. For example, the channel decoding result includes L1 to-be-decoded candidate source
vectors whose reliability is in descending order, and the to-be-decoded source information is one
of the L1 to-be-decoded candidate source vectors. A to-be-decoded candidate source vector may
be selected as the to-be-decoded source information based on a path metric value or reliability.
[00217] S1003. Perform first decoding on the to-be-decoded source information, to obtain and
output a source decoding result.

[00218] For a method for performing first decoding on the to-be-decoded source information,
refer to the decoding process in the embodiment in FIG. 6, or another decoding method, for
example, SC decoding, may be used.

[00219] In the embodiment in FIG. 10, joint channel-source decoding is used. Channel

decoding is first performed, and candidate channel decoding paths are output. For example, L
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channel decoding paths are output, where L is a decoding path width. A channel decoding path
with the highest reliability is selected based on the path metric value, and first decoding, that is,
source decoding, is performed on the channel decoding path with the highest reliability, to obtain
a source decoding result.

[00220] If an encoder uses check coding, for example, CRC check coding, when performing
channel coding, a decoder may further perform decoding according to the following method:
Channel decoding is first performed, and candidate channel decoding paths are output. For
example, L channel decoding paths are output, where L is a decoding path width. According to the
path metric value, starting from the channel decoding path with the highest reliability, first
decoding, that is, source decoding, is performed on the channel decoding path with the highest
reliability, and a source decoding result is checked. If the check succeeds, the source decoding
result is output. If the check fails, first decoding is then performed on a channel decoding path
with the second highest reliability, and an obtained source decoding result of the channel decoding
path with the second highest reliability is checked. If the check succeeds, the source decoding
result is output. If the check fails, first decoding continues to be performed until the check succeeds
and a source decoding result is output, or until all channel decoding paths are traversed. If all the
channel decoding paths are traversed, and there is no source decoding result that is successfully
checked, a source decoding result of a channel decoding path with the highest reliability may be
output.

[00221] The following further describes the embodiment in FIG. 8 and the embodiment in FIG.
10 in detail with reference to a specific application scenario.

[00222] For example, for the scenario in which the source coding codeword is mapped to
information subchannels according to the mapping rule A in the embodiment in FIG. 8, an
encoding process and a decoding process are described as follows: As shown in FIG. 11a, the
coding process includes a source coding process and a channel coding process.

[00223] The source coding process is as follows: First polar encoding is performed on to-be-
encoded source bits s, to obtain and output a source coding codeword Sy For the source coding
process, refer to the coding process in any one of the foregoing application scenarios 1 to 4. Details
are not described herein again.

[00224] The channel coding process is as follows: Check coding, for example, CRC coding, is
performed on an output source coding codeword S,m, to obtain a check coding codeword c;
Scomp and ¢ are mapped to information subchannels in a natural order, that is, Scomp and ¢,
are placed in a natural mapping manner on information bits of an input sequence u of a channel
polar code encoder; and polarization transformation is performed on u to obtain a final codeword

X.
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[00225] The decoding process is shown in FIG. 11b. A decoding method may be a list decoding
method.

[00226] S1101. Perform channel decoding on to-be-decoded channel information y to obtain L
candidate vectors.

[00227] S1102. The L candidate vectors may be sorted in descending order of reliability or
probabilities, to obtain a candidate decoding result list £ = {u;},i = 1,2, ..., L.

[00228] S1103. Perform channel CRC check on an i candidate result in the candidate decoding
result list, and if the check succeeds, go to S1104; otherwise, return to S1103, and perform channel
CRC check on an (i+1)" candidate result in the candidate decoding result list. Candidate results in
the candidate decoding result list £ are sorted in descending order of reliability or probabilities,
and a value of i may start from 1, that is, start from a candidate result with the highest reliability
or probability.

[00229] S1104. Perform source decoding on a candidate decoding result that is successfully
checked, and if a source decoding result can be determined, output the source decoding result;
otherwise, return to S1103, and perform channel CRC check on the (i+1)" candidate result in the
candidate decoding result list. If all candidate results in the candidate decoding result list are
traversed, and no source decoding result can be determined when S1104 is performed, a candidate
result with the highest reliability in the candidate decoding result list is selected to perform source
decoding, and a source decoding result is output.

[00230] It may be understood that, for a process of performing source decoding on the candidate
decoding result that is successfully checked in S1104, refer to an encoding process in any one of
the foregoing application scenarios 1 to 4. Details are not described herein again. Optionally, when
the encoding method in FIG. 11a is used in combination with the decoding method in FIG. 11b,
an application scenario of the method used in FIG. 11a is consistent with that of the method used
in FIG. 11b. For example, the encoding method in FIG. 11a uses the encoding process in the
application scenario 1, and correspondingly, the decoding method in FIG. 11b uses the decoding
process in the application scenario 1.

[00231] When the decoding process in the application scenario 1 is used, in S1104, source
decoding is performed on the candidate decoding result that is successfully checked. If there is a
result on which the source CRC can succeed, it is considered that the source decoding result can
be determined, and further polarization transformation is performed on the result on which the
source CRC succeeds, to obtain the source decoding result. If there is no result on which the source
CRC can succeed, S1103 is returned to.

[00232] The polar decoding method in the embodiment in FIG. 10 is joint source-channel

decoding, and source decoding is performed after all bits in channel decoding are decoded.
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[00233] As shown in FIG. 12, a procedure of another polar decoding method provided in an
embodiment of this application is as follows:

[00234] The method is performed by a receiver or a decoder, and the receiver or the decoder
may be a terminal device or a network device. The receiver receives to-be-decoded source
information from a transmitter, and performs polar decoding according to the following method.
Alternatively, the decoder receives to-be-decoded source information from an encoder, and
performs polar decoding according to the following method. If the receiver or the decoder is a
terminal device, the transmitter or the encoder may be a network device. If the receiver or the
decoder is a network device, the transmitter or the encoder may be a terminal device.

[00235] S1201. Obtain to-be-decoded channel information.

[00236] S1202. Perform second decoding on the to-be-decoded channel information to obtain
a channel decoding result.

[00237] A path metric value corresponding to an n1™ channel information bit is determined
based on the following information: a path metric value corresponding to an (nl1—1)" channel
information bit, a path metric increment corresponding to the n1™ channel information bit, and a
metric value corresponding to an n2™ source fixed bit obtained when first decoding is performed
on the to-be-decoded source information to obtain the n2™ source fixed bit, where nl and n2 are
both positive integers.

[00238] According to the polar decoding method provided in the embodiment in FIG. 12, in a
channel decoding process, when some bits are decoded, source decoding is performed on the some
bits based on a channel decoding result of the some bits, and a value of the source decoding of the
some bits is fed back to channel decoding of a next bit. In this way, soft information of the source
decoding can assist decoding of channel information bits.

[00239] The following describes an optional implementation of the embodiment in FIG. 12.
[00240]  For the path metric value corresponding to the n1™ channel information bit, paths for
all bits before the n1™ channel information bit need to be considered, including a channel
information bit and a channel fixed bit.

[00241] The second decoding is performed on the to-be-decoded channel information, where
the second decoding may be referred to as channel decoding. In a conventional channel decoding
method, when an x information bit u, is decoded, an obtained path metric value corresponding
to the x' information bit is a path metric value corresponding to a decoded (x—1)" information bit
and a path metric increment corresponding to the x™ information bit. The following formula may
be for expression: PM{ = PM{~1 + APM (u,).

[00242] In this embodiment of this application, when channel decoding is performed on some

special bits, source decoding is performed, and a channel decoding result of the special bits is
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obtained with assistance based on the source decoding. For other information bits except these
special bits, channel decoding may be performed according to a conventional channel decoding
method.

[00243] For example, there are a total of K channel information bits, whose sequence numbers
are 1, 2, ..., and K, and a special bit has a sequence number nl in the K channel information bits.

1" channel information bit is decoded, first

nl may be a sequence number in 1 to K. When an n
decoding, that is, source decoding, is performed on the to-be-decoded source information. In
addition, when an n2™ source fixed bit is decoded, a metric value corresponding to the n2" source

1™ channel information bit is

fixed bit is obtained. A path metric value corresponding to the n
obtained with assistance based on the obtained metric value corresponding to the n2'" source fixed
bit. An information subchannel on which the n1™ channel information bit is located has a mapping
relationship with the n2" source fixed bit in the to-be-decoded source information. When the n1™
channel information bit is decoded, information about the 1° to the (n1—1)" channel information
bits is obtained. Information about all source bits before the n2" source fixed bit may be
determined based on the information about the 1° to the (n1—1)™ channel information bits, where
the source bits include source fixed bits and source redundant bits. For example, 1-(n2—1) source
fixed bits are obtained by using 1—-(nl1-1) channel information bits. On the premise that 1-(n2—1)
source fixed bits are known, source decoding may be performed on a source redundant bit previous
to the 2" source fixed bit, to obtain the information about all the source bits before the n2 source
fixed bit. A metric value corresponding to the n2™ source fixed bit may be determined based on
the information about all the source bits before the n2'" source fixed bit. For example, information
about the 1% to the (n2—1)" source fixed bits may be determined based on the information about
the 1 to the (n1-1)™ channel information bits, and information about source redundant bits before
the n2™ source fixed bit may be learned based on the information about the 1% to the (n2—1)®
source fixed bits. In this way, the information about all the source bits before the n2" source fixed
bit may be obtained. Then, the metric value corresponding to the n2'" source fixed bit is determined
based on the information about all the source bits before the n2'" source fixed bit. Optionally, soft
information of the n2™ source fixed bit may be first determined based on the information about all
the source bits before the n2™ source fixed bit, and the metric value corresponding to the n2®
source fixed bit is determined based on the soft information of the n2™ source fixed bit.

[00244] Ifaconventional channel decoding method is used, the path metric value corresponding
to the n1™ channel information bit may be determined based on a path metric value corresponding
to a decoded (n1-1)" information bit and a path metric increment corresponding to the n1™

information bit. In this embodiment of this application, the path metric value corresponding to the

nl1™ channel information bit is determined based on the following three: a path metric value
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corresponding to the decoded (n1-1)™ information bit, the path metric increment corresponding to
the n1™ information bit, and the metric value corresponding to the n2™ source fixed bit. In an
optional implementation, the path metric value corresponding to the n1'™" channel information bit
is a sum of the foregoing three values.

[00245] The following describes possible cases of special bits by using examples.

[00246] 1. The special bit may be a flag bit, and the flag bit is the flag bit described in the
mapping rule B in the foregoing encoding embodiment. At the encoder, the source coding
codeword includes a flag bit, and the source coding codeword is mapped to the information
subchannels according to the mapping rule B to obtain to-be-encoded channel bits.
Correspondingly, at the decoder, the flag bit may be used as a special bit, and channel decoding is
performed based on the flag bit. A value of nl may be a sequence number of an information
subchannel corresponding to each flag bit in K information subchannels.

[00247] Channel decoding is performed on the to-be-decoded channel information. When a flag
bit is decoded, source decoding is then performed on the to-be-decoded source information. When
a source bit corresponding to the flag bit is decoded, a path metric increment corresponding to the
source bit corresponding to the flag bit is obtained. There is a mapping relationship between an
information subchannel on which the flag bit is located and a source bit. For determining of the
mapping relationship, refer to the foregoing mapping rule B. That is, the mapping relationship is
interleaving mapping, and the interleaving mapping is: sequentially mapping encoded source bits
to information subchannels in a natural order to obtain a channel information bit sequence, where
m bits in the encoded source bits are flag bits, and m is a positive integer; and exchanging a bit
mapped to an information subchannel whose sequence number is x; and a bit mapped to an
information subchannel whose sequence number is Xj, to obtain to-be-encoded channel bits, where
Xi 1s a sequence number, in the channel information bit sequence, of an information subchannel to
which an i flag bit in the m flag bits is mapped, and xj is a sequence number, in the channel
information bit sequence, of an information subchannel with lowest reliability in information
subchannels whose sequence number range is [Xi, Xi+1), where Xi+1 1S a sequence number, in the
channel information bit sequence, of an information subchannel to which an (i+1)® flag bit in the
m flag bits is mapped, both i and j are positive integers, and i=1, 2, ..., m. That is, the encoder
performs encoding according to the mapping rule B, and the decoder may also determine,
according to the mapping rule B, a source bit corresponding to the flag bit during decoding, and
assist in determining a decoding result of the flag bit based on a path metric increment
corresponding to the source bit. The encoder and the decoder may negotiate the mapping rule B in
advance, or the mapping rule B is specified in a protocol.

[00248] When the special bit is a flag bit, the metric value corresponding to the n2'" source fixed
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bit is a path metric increment corresponding to the n2™ source fixed bit. The path metric value

corresponding to the nl1™

formula: PMPM = PMPM™1 + APM (u,;) + APMs(vs(n2)) . APMs represents a path metric

channel information bit may be represented by using the following

increment corresponding to each source bit during source decoding. v,(n2) indicates the n2®
source fixed bit. APMs(vs(n2)) represents the path metric increment corresponding to the n2™®

lth

source fixed bit. PMP represents the path metric value corresponding to the nl1™ channel

information bit. PMP~1 indicates a path metric value corresponding to the decoded (n1-1)™®
information bit. APM(u,,) indicates the path metric increment corresponding to the nl™
information bit.

[00249] When channel decoding is performed on a flag bit (the n1™ information bit), first
decoding, that is, source decoding, is then performed on the to-be-decoded source information.
Source decoding may be performed by using information obtained through channel decoding.
[00250] 2. The special bit may be any bit. For example, the special bit may be an information

lth

bit previous to a channel fixed bit location, and is denoted as an n1" channel information bit. The

channel fixed bit is a channel frozen bit. In this scenario, a mapping relationship between an

1™ channel information bit is located and the n2™ source

information subchannel on which the n
fixed bit in the to-be-decoded source information may be natural sequential mapping, or may be
interleaving mapping. This is not limited in this embodiment of this application. A value of n1 may
be a sequence number corresponding to an information bit previous to each fixed bit location.
[00251] Channel decoding is performed on the to-be-decoded channel information. When an
information bit (an n1™ information bit in the K information bits) previous to a fixed bit location
1s decoded, source decoding is then performed on the to-be-decoded source information. A source
bit corresponding to the n1™ information bit is the n2'" source fixed bit. When source decoding is
performed on the n2™ source fixed bit, a path metric value corresponding to the 1% to the n2®
source fixed bits is obtained.

[00252] When the special bit is any bit, the metric value corresponding to the n2™ source fixed
bit is a path metric value corresponding to the 1% to the n2™ source fixed bits. It should be noted
that, for the path metric value corresponding to the 1° to the n2™ source fixed bits, a path of a
source information bit before the n2™ source fixed bit does not need to be considered, and only a
path of a source fixed bit needs to be considered.

[00253] The path metric value corresponding to the n1™ channel information bit may be
represented by using the following formula: PMPM = PMP ™! + APM (u,;) + PMs(1:n2). PMs
represents a path metric value corresponding to each source bit during source decoding. PM'

nl-1

1™ channel information bit. PM!}

represents the path metric value corresponding to the n
indicates a path metric value corresponding to the decoded (n1—1)" information bit. APM (uy;)
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1™ information bit.

indicates the path metric increment corresponding to the n
[00254] When channel decoding is performed on a flag bit (the n1™ information bit), first
decoding, that is, source decoding, is then performed on the to-be-decoded source information.
Source decoding may be performed by using information obtained through channel decoding.
[00255] The decoding method provided in the embodiment in FIG. 12 provides a channel
decoding process. It may be understood that, when joint source-channel decoding is performed,
after the second decoding is performed on the to-be-decoded channel information to obtain the
channel decoding result in S1202, source decoding may be further performed. Optionally, after
S1202, the method further includes the following steps.

[00256] S1203. Determine to-be-decoded source information based on the channel decoding
result.

[00257] S1204. Perform first decoding on the to-be-decoded source information, to obtain and
output a source decoding result.

[00258] For a method for performing first decoding on the to-be-decoded source information,
refer to the decoding process in the embodiment in FIG. 6, or another decoding method, for
example, SC decoding, may be used.

[00259] When the embodiment in FIG. 12 includes a process of the first decoding and finally
outputting the source decoding result, when the joint source-channel decoding solution in the
embodiment in FIG. 12 may be combined with the embodiment in FIG. 8, the encoder performs
encoding by using the embodiment in FIG. 8, and the decoder performs decoding by using the
embodiment in FIG. 12.

[00260] With reference to a specific application scenario, the following describes, by using an
example, the case in which the embodiment in FIG. 12 includes the process of the first decoding
and finally outputting the source decoding result. When this embodiment is combined with the
embodiment in FIG. 8, as shown in FIG. 11a, the coding process includes a source coding process
and a channel coding process. The source coding process is as follows: First polar encoding is
performed on to-be-encoded source bits s, to obtain and output a source coding codeword S;mp-
For the source coding process, refer to the coding process in any one of the foregoing application
scenarios 1 to 4. Details are not described herein again. The channel coding process is as follows:
Check coding, for example, CRC coding, is performed on an output source coding codeword
Scomp to obtain a check coding codeword ¢.; Scomp and ¢, are mapped to information
subchannels in a natural order, that is, Sc,mp and ¢, are placed in a natural mapping manner on
information bits of an input sequence u of a channel polar code encoder; and polarization
transformation is performed on u to obtain a final codeword x.

[00261] The decoding process is shown in FIG. 13.
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[00262] S1301. Perform conventional channel decoding on to-be-decoded information y. The
channel decoding method may be a list decoding method.

[00263] S1302. When a j™ channel information bit u(j) is decoded, calculate a path metric
increment corresponding to each channel decoding path corresponding to u(j)=0 and u(j)=1;
determine whether the j' channel information bit u(j) currently decoded is a special bit; and if yes,
perform S1303; otherwise, perform S1304.

[00264] S1303. Perform source decoding on to-be-decoded source information. When source
decoding is performed on a source fixed bit corresponding to u(j), a metric value of the source
fixed bit corresponding to u(j) is obtained. If the special bit is a flag bit, the value of the source
fixed bit corresponding to u(j) is a path metric increment corresponding to the source fixed bit
corresponding to u(j). If the special bit is any bit, for example, an information bit previous to a
channel fixed bit location, the value of the source fixed bit corresponding to u(j) is a path metric
value of the source fixed bit corresponding to u(j).

[00265] S1304. Perform path selection.

[00266]  If the j™ channel information bit u(j) is not a special bit, for channel decoding paths
corresponding to u(j)=0 and u(j)=1, a path metric value corresponding to each channel decoding
path u(j) may be determined based on the path metric increment corresponding to u(j) and a path
metric value corresponding to a (j—1)™ channel information bit u(j—1). In addition, a path is selected
based on the path metric value corresponding to each channel decoding path u(j).

[00267] If the j™ channel information bit u(j) is a special bit, for each channel decoding path
corresponding to u(j)=0 and u(j)=1, a path metric value corresponding to each channel decoding
path u(j) may be determined based on the path metric increment corresponding to u(j), a path
metric value corresponding to a (j—1)™ channel information bit u(j—1), and the metric value that is
of the source fixed bit corresponding to u(j) and that is obtained in S1303. In addition, a path is
selected based on the path metric value corresponding to each channel decoding path u(j).
[00268] S1305. Determine whether a bit is the last channel decoding bit; if yes, obtain L
candidate vectors and go to S1306; otherwise, return to S1301, and continue to decode a next
channel decoding bit. A process after S1306 is a source decoding process. For details, refer to the
description of the source decoding method in FIG. 12.

[00269] S1306. The L candidate vectors may be sorted in descending order of reliability or
probabilities, to obtain a candidate decoding result list £ = {u;},i = 1,2, ..., L.

[00270]  S1307. Perform channel CRC check on an it candidate result in the candidate decoding
result list, and if the check succeeds, go to S1308; otherwise, return to S1307, and perform channel
CRC check on an (i+1)™ candidate result in the candidate decoding result list. Candidate results in

the candidate decoding result list £ are sorted in descending order of reliability or probabilities,
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and a value of i may start from 1, that is, start from a candidate result with the highest reliability
or probability.

[00271] S1308. Perform source decoding on a candidate decoding result that is successfully
checked, and if a source decoding result can be determined, output the source decoding result;
otherwise, return to S1307, and perform channel CRC check on the (i+1)" candidate result in the
candidate decoding result list. If all candidate results in the candidate decoding result list are
traversed, and no source decoding result can be determined when S1308 is performed, a candidate
result with the highest reliability in the candidate decoding result list is selected to perform source
decoding, and a source decoding result is output.

[00272] It may be understood that, for a process of performing source decoding on the candidate
decoding result that is successfully checked in S1308, refer to an encoding process in any one of
the foregoing application scenarios 1 to 4. Details are not described herein again.

[00273]  With reference to the foregoing embodiments, as shown in FIG. 14a and FIG. 14b, the
following describes a bit change and a mapping relationship in the encoding process. The to-be-
encoded source bits are s(i), i = 1,2, ..., Ng. After first polar encoding is performed on the to-be-
encoded source bits, encoded source bits v = {v5(1), v5(2), ..., vs(Ng)} are obtained. Bits in vy
include source fixed bits and redundant bits. The redundant bits are deleted, and the redundant bits
are framed by dashed line boxes in source coding in FIG. 14a and FIG. 14b. If check coding, for
example, CRC check coding, is performed on the encoded source bits, a CRC check coding
codeword of vy is added at the tail after the redundant bits are deleted, a source coding codeword
s’ ={s'(1),s'(2),...,s"(Ks)} is output in the source coding, and then channel coding is entered.
[00274] Input bits for channel coding are u, = {u.(1),u.(2), ..., u.(N.)}, where u. includes
channel fixed bits and channel information bits. The channel fixed bits are framed by dashed line
boxes in source coding in FIG. 14a and FIG. 14b. The source coding codeword s’ =
{s'(1),s'(2),...,s"(Ks)} is mapped to an information subchannel in u,.

[00275] A mapping manner may be a mapping rule A, which is shown in FIG. 14a; or the
mapping manner may be a mapping rule B, which is shown in FIG. 14b.

[00276]  After the mapping is completed, second polar encoding is performed on u. to obtain
a channel coding codeword x = {x(1),x(2), ...,x(N.)}.

[00277] It should be noted that examples in the application scenarios in this application merely
show some possible implementations, to help better understand and describe the method in this
application. Persons skilled in the art may obtain examples of some evolved forms according to
the reference signal indication method provided in this application.

[00278] The foregoing describes the method provided in embodiments of this application. To
implement the functions in the methods provided in embodiments of this application, embodiments
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of this application further provide a polar encoding apparatus and a polar decoding apparatus. The
polar encoding apparatus and the polar decoding apparatus may include a hardware structure
and/or a software module. The foregoing functions are implemented in a form of a hardware
structure, a software module, or a hardware structure and a software module. Whether a function
in the foregoing functions is performed by using the hardware structure, the software module, or
the combination of the hardware structure and the software module depends on particular
applications and design constraints of the technical solutions.

[00279] As shown in FIG. 15, based on a same technical concept, an embodiment of this
application further provides a polar encoding apparatus 1500. The polar encoding apparatus 1500
may be a polar code coding apparatus, an apparatus in the polar encoding apparatus, or an
apparatus that can be used by matching with the polar encoding apparatus. The polar encoding
apparatus 1500 may be a terminal device or a network device. In a design, the polar encoding
apparatus 1500 may include a module for performing, in a one-to-one correspondence, the
method/operation/step/action related to the polar encoding method in the foregoing method
embodiments. The module may be a hardware circuit, may be software, or may be implemented
by a hardware circuit in combination with software. In a design, the polar encoding apparatus 1500
may include a processing module 1501 and an input/output module 1502.

[00280] The processing module 1501 is configured to: obtain to-be-encoded source bits;
perform first polar encoding on the to-be-encoded source bits to obtain encoded source bits, where
the first polar encoding includes first transformation and second transformation, the first
transformation is polarization transformation, a mother code length corresponding to the first
transformation is Ns, the polarization transformation is performed on the to-be-encoded source
bits to obtain first source bits, and the second transformation is performed on the first source bits
to obtain the encoded source bits; and determine assistance information based on the first source
bits.

[00281] The input/output module 1502 is configured to output a source coding codeword, where
the source coding codeword includes the encoded source bits and the assistance information.
[00282] Optionally, the second transformation includes one or more of the following operations:
a convolution operation, an upper triangular transformation operation, a compression operation,
or an interleaving operation.

[00283] Optionally, when determining the assistance information based on the first source bits,
the processing module 1501 is configured to: perform check coding on the first source bits to
obtain check bits, where the check bits are the assistance information.

[00284] Optionally, when determining the assistance information based on the first source bits,

the processing module 1501 is configured to: perform first decoding on the encoded source bits to
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obtain at least one candidate decoding result; determine a first decoding result that is in the at least
one candidate decoding result and that matches the first source bits; and determine that indication
information of the first decoding result is the assistance information.

[00285] Optionally, when performing first decoding on the encoded source bits to obtain the at
least one candidate decoding result, the processing module 1501 is configured to perform first
decoding on the encoded source bits to obtain L candidate vectors, where L is a positive integer.
When determining the first decoding result that is in the at least one candidate decoding result and
that matches the first source bits, the processing module 1501 is configured to: compare the L
candidate vectors with the first source bits; and determine a first vector in the L candidate vectors
that is the same as the first source bits, where information about a sequence number of the first
vector in the L candidate vectors is the indication information.

[00286] Optionally, the processing module 1501 is further configured to: perform second polar
encoding on the source coding codeword to obtain a channel coding codeword, where a mother
code length corresponding to the second polar encoding is Nc. The input/output module is further
configured to output the channel coding codeword.

[00287] Optionally, m bits in the source coding codeword are flag bits, and m is a positive
integer. When performing second polar encoding on the source coding codeword, the processing
module 1501 is configured to: map, according to a mapping rule, the source coding codeword to
information subchannels of a polarization subchannel of the second polar encoding, to obtain to-
be-encoded channel bits, where the mapping rule includes interleaving mapping, and the
interleaving mapping is: sequentially mapping the source coding codeword to the information
subchannels in a natural order to obtain a channel information bit sequence; and exchanging a bit
mapped to an information subchannel whose sequence number is x; and a bit mapped to an
information subchannel whose sequence number is xj, to obtain the to-be-encoded channel bits,
where X; is a sequence number, in the channel information bit sequence, of an information
subchannel to which an i flag bit in the m flag bits is mapped, and x; is a sequence number, in the
channel information bit sequence, of an information subchannel with lowest reliability in
information subchannels whose sequence number range is [Xi, Xi+1), where Xij+1 iS a sequence
number, in the channel information bit sequence, of an information subchannel to which an (i+1)™®
flag bit in the m flag bits is mapped, both 1 and j are positive integers, and i=1, 2, ..., m; and perform
second polar encoding on the to-be-coded channel bits.

[00288] Optionally, reliability of the flag bit is higher than reliability of other bits except the m
flag bits in the encoded source bits.

[00289] The processing module 1501 may further perform other operations of the encoding

method in the foregoing method embodiments. Details are not described herein again.
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[00290] As shown in FIG. 16, based on a same technical concept, an embodiment of this
application further provides a polar decoding apparatus 1600. The polar decoding apparatus 1600
may be a polar decoding apparatus, an apparatus in the polar decoding apparatus, or an apparatus
that can be used by matching with the polar decoding apparatus. The polar decoding apparatus
1600 may be a terminal device or a network device. In a design, the polar decoding apparatus 1600
may include a module for performing, in a one-to-one correspondence, the
method/operation/step/action related to the polar decoding method in the foregoing method
embodiments. The module may be a hardware circuit, may be software, or may be implemented
by a hardware circuit in combination with software. In a design, the polar decoding apparatus 1600
may include a processing module 1601 and an input/output module 1602.

[00291] In an embodiment, the processing module 1601 is configured to: obtain to-be-decoded
source information, where the to-be-decoded source information includes assistance information;
perform first decoding on the to-be-decoded source information to obtain L candidate vectors,
where L is a positive integer; determine a first vector in the L candidate vectors based on assistance
information, where the assistance information is check bits or indication information, and the
indication information indicates a sequence number of the first vector in the L candidate vectors;
and perform polarization transformation on the first vector to obtain a source decoding result.
[00292] The input/output module 1602 is configured to output the source decoding result.
[00293] Optionally, the assistance information is check bits; and when determining the first
vector in the L candidate vectors based on assistance information, the processing module 1601 is
configured to: sequentially check, based on the check bits, the L candidate vectors in descending
order of reliability; and when the check succeeds, determine a candidate vector on which the check
succeeds as the first vector.

[00294] Optionally, the assistance information is indication information, and the indication
information indicates a sequence number of the first vector in the L candidate vectors. When
determining the first vector in the L candidate vectors based on the assistance information, the
processing module 1601 is configured to: determine, based on the indication information, the first
vector corresponding to the sequence number indicated by the indication information in the L
candidate vectors.

[00295] Optionally, when obtaining the to-be-decoded source information, the processing
module 1601 is configured to: perform second decoding on to-be-decoded channel information to
obtain a channel decoding result, where the channel decoding result includes L1 to-be-decoded
candidate source vectors in descending order of reliability, and the to-be-decoded source
information is one of the L1 to-be-decoded candidate source vectors.

[00296] In another embodiment, the input/output module 1602 is configured to obtain to-be-

45



10

15

20

25

30

35

decoded channel information.

[00297] The processing module 1601 is configured to perform second decoding on the to-be-
decoded channel information to obtain a channel decoding result, where a path metric value
corresponding to an n1" channel information bit is determined based on the following information:
a path metric value corresponding to an (n1—1)" channel information bit, a path metric increment

1™ channel information bit, and a metric value corresponding to an n2®

corresponding to the n
source fixed bit obtained when first decoding is performed on the to-be-decoded source
information to obtain the n2" source fixed bit, where nl and n2 are both positive integers.
[00298]  Optionally, when the metric value of the n2™ source fixed bit is obtained by performing
second decoding on the to-be-decoded source information, the processing module 1601 is
configured to obtain a path metric value corresponding to the 1% to the n2" source fixed bits when
second decoding is performed on the to-be-decoded source information to obtain the n2'" source
fixed bit.

[00299]  Optionally, when the metric value of the n2'" source fixed bit is obtained by performing
second decoding on the to-be-decoded source information, the processing module 1601 is
configured to obtain a path metric increment corresponding to the n2™ source fixed bit when
second decoding is performed on the to-be-decoded source information to obtain the n2'" source
fixed bit.

[00300] Optionally, an information subchannel on which the n1™ channel information bit is
located has a mapping relationship with the n2™ source fixed bit in the to-be-decoded source
information.

[00301] Optionally, the mapping relationship is interleaving mapping, and the interleaving
mapping is: sequentially mapping encoded source bits to information subchannels in a natural
order to obtain a channel information bit sequence, where m bits in the encoded source bits are
flag bits, and m is a positive integer; and exchanging a bit mapped to an information subchannel
whose sequence number is x; and a bit mapped to an information subchannel whose sequence
number is Xj, to obtain to-be-encoded channel bits, where X; is a sequence number, in the channel
information bit sequence, of an information subchannel to which an i flag bit in the m flag bits is
mapped, and x; is a sequence number, in the channel information bit sequence, of an information
subchannel with lowest reliability in information subchannels whose sequence number range is [x;,
xi+1), where Xi+1 1s a sequence number, in the channel information bit sequence, of an information
subchannel to which an (i+1)" flag bit in the m flag bits is mapped, both i and j are positive integers,
and 1=1, 2, ..., m.

lth

[00302] Optionally, the path metric value corresponding to the n1™ channel information bit is a

sum of the following three: the path metric value corresponding to the (n1—1)" channel information
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bit, the path metric increment corresponding to the n1™ channel information bit, and the metric
value corresponding to the n2™ source fixed bit obtained when second decoding is performed on
to-be-decoded source information to obtain the n2™ source fixed bit.

[00303] Optionally, the processing module 1601 is further configured to: determine the to-be-
decoded source information based on the channel decoding result; perform first decoding on the
to-be-decoded source information to obtain L candidate vectors, where L is a positive integer;
determine a first vector in the L candidate vectors based on assistance information, where the
assistance information is check bits or indication information, and the indication information
indicates a sequence number of the first vector in the L candidate vectors; and perform polarization
transformation on the first vector to obtain a source decoding result.

[00304] The input/output module 1602 is configured to output the source decoding result.
[00305] The processing module 1601 may further perform other operations of the decoding
method in the foregoing method embodiments. Details are not described herein again.

[00306] Division into the modules in embodiments of this application is an example, is merely
division into logical functions, and may be other division during actual implementation. In addition,
functional modules in embodiments of this application may be integrated into one processor, each
of the modules may exist alone physically, or two or more modules may be integrated into one
module. The integrated module may be implemented in a form of hardware, or may be
implemented in a form of a software functional module.

[00307] FIG. 17 shows a polar encoding apparatus 1700 according to an embodiment of this
application. The apparatus is configured to implement the polar encoding method provided in this
application. The polar encoding apparatus 1700 may be an apparatus located in a polar encoding
apparatus, may be the polar encoding apparatus, or may be an apparatus that can be used by
matching with the polar encoding apparatus. The polar encoding apparatus 1700 may be a terminal
device or a network device. The polar encoding apparatus 1700 may be a chip system or a chip. In
this embodiment of this application, the chip system may include a chip, or may include a chip
and another discrete component. The polar encoding apparatus 1700 includes at least one processor
1720, configured to implement the polar encoding method provided in embodiments of this
application. The polar encoding apparatus 1700 may further include an input/output interface 1710.
In this embodiment of this application, the input/output interface 1710 is configured to
communicate with another apparatus by using a transmission medium. For example, when the
polar encoding apparatus 1700 is a chip, the polar encoding apparatus performs transmission with
another chip or device through the input/output interface 1710. The processor 1720 is configured
to implement the method in the foregoing method embodiments.

[00308] The processor 1720 is configured to: obtain to-be-encoded source bits; perform first
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polar encoding on the to-be-encoded source bits to obtain encoded source bits, where the first polar
encoding includes first transformation and second transformation, the first transformation is
polarization transformation, a mother code length corresponding to the first transformation is Ns,
the polarization transformation is performed on the to-be-encoded source bits to obtain first source
bits, and the second transformation is performed on the first source bits to obtain the encoded
source bits; and determine assistance information based on the first source bits.

[00309] The input/output interface 1710 is configured to output a source coding codeword,
where the source coding codeword includes the encoded source bits and the assistance information.
[00310] The processor 1720 may further perform other operations of the encoding method in
the foregoing method embodiments. Details are not described herein again.

[00311] The polar encoding apparatus 1700 may further include at least one memory 1730,
configured to store program instructions and/or data. The memory 1730 is coupled to the processor
1720. 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 1720 may cooperate with the memory 1730. The processor
1720 may execute the program instructions stored in the memory 1730. At least one of the at least
one memory may be integrated with the processor.

[00312] Inthis embodiment of this application, the memory 1730 may be a non-volatile memory,
such as 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), such as a random access memory (random-access
memory, RAM). The memory is any other medium that can carry or store expected program code
in a form of instructions or a data structure and that can be accessed by a computer, but is not
limited thereto. The memory in embodiments of this application may alternatively be a circuit or
any other apparatus that can implement a storage function, and is configured to store the program
instructions and/or the data.

[00313] In this embodiment of this application, the processor 1720 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 perform the methods, steps, and
logical block diagrams disclosed in embodiments of this application. The general-purpose
processor may be a microprocessor or any conventional processor or the like. The steps of the
methods disclosed with reference to embodiments of this application may be directly performed
by a hardware processor, or may be performed by using a combination of hardware in the processor

and a software module.
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[00314] FIG. 18 shows a polar decoding apparatus 1800 according to an embodiment of this
application. The apparatus is configured to implement the polar encoding method provided in this
application. The polar decoding apparatus 1800 may be an apparatus located in a polar decoding
apparatus, may be the polar decoding apparatus, or may be an apparatus that can be used by
matching with the polar decoding apparatus. The polar decoding apparatus 1800 may be a terminal
device or a network device. The polar decoding apparatus 1800 may be a chip system or a chip. In
this embodiment of this application, the chip system may include a chip, or may include a chip
and another discrete component. The polar decoding apparatus 1800 includes at least one processor
1820, configured to implement the polar decoding method provided in embodiments of this
application. The polar decoding apparatus 1800 may further include an input/output interface 1810.
In this embodiment of this application, the input/output interface 1810 is configured to
communicate with another apparatus by using a transmission medium. For example, when the
polar decoding apparatus 1800 is a chip, the polar encoding apparatus performs transmission with
another chip or device through the input/output interface 1810. The processor 1820 is configured
to implement the method in the foregoing method embodiments.

[00315] In an embodiment, the processor 1820 is configured to: obtain to-be-decoded source
information, where the to-be-decoded source information includes assistance information; perform
first decoding on the to-be-decoded source information to obtain L candidate vectors, where L is
a positive integer; determine a first vector in the L candidate vectors based on assistance
information, where the assistance information is check bits or indication information, and the
indication information indicates a sequence number of the first vector in the L candidate vectors;
and perform polarization transformation on the first vector to obtain a source decoding result.
[00316] The input/output interface 1810 is configured to output the source decoding result.
[00317] In another embodiment, the input/output interface 1810 is configured to obtain to-be-
decoded channel information.

[00318] The processor 1820 is configured to perform second decoding on the to-be-decoded
channel information to obtain a channel decoding result, where a path metric value corresponding
to an n1'™ channel information bit is determined based on the following information: a path metric
value corresponding to an (n1—1)" channel information bit, a path metric increment corresponding
to the n1™ channel information bit, and a metric value corresponding to an n2™ source fixed bit
obtained when first decoding is performed on the to-be-decoded source information to obtain the
n2%™ source fixed bit, where n1 and n2 are both positive integers.

[00319] The processor 1820 may further perform other operations of the decoding method in
the foregoing method embodiments. Details are not described herein again.

[00320] The polar decoding apparatus 1800 may further include at least one memory 1830,
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configured to store program instructions and/or data. The memory 1830 is coupled to the processor
1820. 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 1820 may cooperate with the memory 1830. The processor
1820 may execute the program instructions stored in the memory 1830. At least one of the at least
one memory may be integrated with the processor.

[00321] In this embodiment of this application, the memory 1830 may be a non-volatile memory,
such as 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), such as a random access memory (random-access
memory, RAM). The memory is any other medium that can carry or store expected program code
in a form of instructions or a data structure and that can be accessed by a computer, but is not
limited thereto. The memory in embodiments of this application may alternatively be a circuit or
any other apparatus that can implement a storage function, and is configured to store the program
instructions and/or the data.

[00322] In this embodiment of this application, the processor 1820 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 perform the methods, steps, and
logical block diagrams disclosed in embodiments of this application. The general-purpose
processor may be a microprocessor or any conventional processor or the like. The steps of the
methods disclosed with reference to embodiments of this application may be directly performed
by a hardware processor, or may be performed by using a combination of hardware in the processor
and a software module.

[00323] FIG. 19 shows a communication apparatus 1900 according to an embodiment of this
application. The apparatus is configured to implement the method provided in this application. The
communication apparatus 1900 may be configured to implement the encoding method provided in
embodiments of this application, or may be configured to implement the decoding method
provided in embodiments of this application. When the encoding method is implemented, the
communication apparatus 1900 may be an encoding apparatus, may be an apparatus located in the
encoding apparatus, or may be an apparatus that can match the encoding apparatus. When the
decoding method is implemented, the communication apparatus 1900 may be a decoding apparatus,
may be an apparatus located in the decoding apparatus, or may be an apparatus that can match the
decoding apparatus.

[00324] The communication apparatus 1900 may be a chip system or a chip. In this embodiment
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of this application, the chip system may include a chip, or may include a chip and another discrete
component. Some or all of the methods provided in the foregoing embodiments may be
implemented by hardware or software. When the methods are implemented by hardware, the
communication apparatus 1900 includes an input interface circuit 1901, a logic circuit 1902, and
an output interface circuit 1903.

[00325] When the communication apparatus 1900 is configured to implement the encoding
method,

[00326] The input interface circuit 1901 is configured to obtain to-be-encoded source bits. The
logic circuit 1902 is configured to perform first polar encoding on the to-be-encoded source bits
to obtain encoded source bits, where the first polar encoding includes first transformation and
second transformation, the first transformation is polarization transformation, a mother code length
corresponding to the first transformation is Ns, the polarization transformation is performed on the
to-be-encoded source bits to obtain first source bits, and the second transformation is performed
on the first source bits to obtain the encoded source bits; and determine assistance information
based on the first source bits. The output interface circuit 1903 is configured to output a source
coding codeword, where the source coding codeword includes the encoded source bits and the
assistance information.

[00327] When the communication apparatus 1900 is configured to implement the decoding
method, in an embodiment, the input interface circuit 1901 is configured to obtain to-be-decoded
source information, where the to-be-decoded source information includes assistance information.
The logic circuit 1902 is configured to perform first decoding on the to-be-decoded source
information to obtain L candidate vectors, where L is a positive integer; determine a first vector in
the L candidate vectors based on assistance information, where the assistance information is check
bits or indication information, and the indication information indicates a sequence number of the
first vector in the L candidate vectors; and perform polarization transformation on the first vector
to obtain a source decoding result. The output interface circuit 1903 is configured to output the
source decoding result.

[00328] When the communication apparatus 1900 is configured to implement the decoding
method, in another embodiment, the input interface circuit 1901 is configured to obtain to-be-
decoded channel information. The logic circuit 1902 is configured to perform second decoding on
the to-be-decoded channel information to obtain a channel decoding result, where a path metric
value corresponding to an nl1™ channel information bit is determined based on the following
information: a path metric value corresponding to an (n1—1)" channel information bit, a path

1th

metric increment corresponding to the nl™ channel information bit, and a metric value

corresponding to an n2'" source fixed bit obtained when first decoding is performed on the to-be-
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decoded source information to obtain the n2'" source fixed bit, where n1 and n2 are both positive
integers.

[00329] Optionally, in a specific implementation, the sorting apparatus 1900 may be a chip or
an integrated circuit.

[00330] The logic circuit 1902 may further perform other operations of the encoding method or
the decoding method in the foregoing method embodiments. Details are not described herein again.
[00331] In embodiments of this application, when an apparatus for implementing a coding
method is a terminal device and an apparatus for implementing a decoding method is a network
device, or when an apparatus for implementing a coding method is a network device and an
apparatus for implementing a decoding method is a terminal device, the coding method and/or the
decoding method provided in embodiments of this application may be applied to a communication
system. An architecture of the communication system includes a network device and a terminal
device. The communication system may be a 5G communication system, for example, a 5G new
radio (new radio, NR) system, or may be applied to various future evolved communication systems,
for example, a 6th generation (6th generation, 6GG) communication system or a space-air-sea-
ground integrated communication system.

[00332] Possible implementation forms and functions of the terminal device and the network
device are described by using the following examples. A network device 2001 provides a service
for a terminal device 2002 within a coverage area of the network device. Refer to FIG. 20. For
example, the network device 2001 provides radio access for one or more terminal devices 2002
within the coverage area of the network device 2001.

[00333] The network device 2001 is a node in a radio access network (radio access network,
RAN), and may also be referred to as a base station, or may be referred to as a RAN node (or
device). Currently, some examples of the network device 2001 are a next-generation NodeB (next-
generation NodeB, gNB), a next-generation evolved NodeB (next-generation evolved NodeB, Ng-
eNB), a transmission reception point (transmission reception point, TRP), an evolved NodeB
(evolved NodeB, eNB), a radio network controller (radio network controller, RNC), a NodeB
(NodeB, NB), a base station controller (base station controller, BSC), a base transceiver station
(base transceiver station, BTS), a home base station (for example, a home evolved NodeB, or a
home NodeB, HNB), a baseband unit (baseband unit, BBU), or a wireless fidelity (wireless fidelity,
Wi-Fi) access point (access point, AP). The network device 2001 may alternatively be a satellite,
and the satellite may also be referred to as a high-altitude platform, a high-altitude aircraft, or a
satellite base station. Alternatively, the network device 2001 may be another device that has a
function of the network device. For example, the network device 2001 may be alternatively a

device that functions as a network device in device-to-device (device to device, D2D)
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communication, vehicle-to-everything, or machine-to-machine (machine to machine, M2M)
communication. Alternatively, the network device 2001 may be any possible network device in a
future communication system.

[00334] The terminal device 2002 is also referred to as user equipment (user equipment, UE),
a mobile station (mobile station, MS), a mobile terminal (mobile terminal, MT), or the like, and is
a device that provides a user with voice and/or data connectivity. For example, the terminal device
2002 is a handheld device, a vehicle-mounted device, or the like that has a wireless connection
function. Currently, the terminal device 2002 may be a mobile phone (mobile phone), a tablet
computer, a notebook computer, a palmtop computer, a mobile internet device (mobile internet
device, MID), a wearable device (for example, a smartwatch, a smart band, or a pedometer), a
vehicle-mounted device (for example, a vehicle-mounted device on an automobile, a bicycle, an
electric vehicle, an aircraft, a ship, a train, or a high-speed train), a virtual reality (virtual reality,
VR) device, an augmented reality (augmented reality, AR) device, a wireless terminal in industrial
control (industrial control), a smart home device (for example, a refrigerator, a television, an air
conditioner, or an electricity meter), an intelligent robot, a workshop device, a wireless terminal
in self-driving (self-driving), a wireless terminal in remote medical surgery (remote medical
surgery), a wireless terminal in a smart grid (smart grid), a wireless terminal in transportation
safety (transportation safety), a wireless terminal in a smart city (smart city), a wireless terminal
in a smart home (smart home), a flight device (for example, an intelligent robot, a hot balloon, an
uncrewed aerial vehicle, or an aircraft), or the like. Alternatively, the terminal device 2002 may be
another device that has a function of the terminal device. For example, the terminal device 2002
may be alternatively a device that functions as a terminal device in device-to-device (device to
device, D2D) communication, vehicle-to-everything, or machine-to-machine (machine to machine,
M2M) communication. Particularly, when communication is performed between network devices,
a network device that functions as a terminal device may also be considered as a terminal device.

[00335] Some or all of the operations and functions performed by the encoding apparatus, the
decoding apparatus, and the communication apparatus described in the foregoing method
embodiments of this application may be implemented by a chip or an integrated circuit.

[00336] An embodiment of this application provides a computer-readable storage medium
storing a computer program. The computer program includes instructions used to perform the
foregoing method embodiments.

[00337] An embodiment of this application provides a computer program product including
instructions. When the computer program product runs on a computer, the computer is enabled to
perform the foregoing method embodiments.

[00338] Persons skilled in the art should understand that embodiments of this application may
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be provided as a method, a system, or a computer program product. Therefore, this application
may use a form of hardware only embodiments, software only embodiments, or embodiments with
a combination of software and hardware. In addition, this application may use a form of a computer
program product that is 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.

[00339] 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 computer program instructions may be used to
implement each process and/or each block in the flowcharts and/or the block diagrams and a
combination of a process and/or a block in the flowcharts and/or the block diagrams. These
computer program instructions may be provided for a general-purpose computer, a dedicated
computer, an embedded processor, or a processor of any other programmable data processing
device to generate a machine, so that the instructions executed by a computer or a processor of any
other programmable data processing device generate an apparatus for implementing a specific
function in one or more processes in the flowcharts and/or in one or more blocks in the block
diagrams.

[00340] These computer program 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.

[00341] The computer program instructions may alternatively 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, so that computer-implemented
processing is generated. Therefore, the instructions executed on the computer or the another
programmable device provide steps for implementing a specific function in one or more
procedures in the flowcharts and/or in one or more blocks in the block diagrams.

[00342]  Although some preferred embodiments of this application have been described, persons
skilled in the art can make changes and modifications to these embodiments once they learn the
basic inventive concept. Therefore, the following claims are intended to be construed as to cover
the preferred embodiments and all changes and modifications falling within the scope of this
application.

[00343] It is clear that persons skilled in the art can make various modifications and variations

54



to embodiments of this application without departing from the scope of embodiments of this
application. This application is intended to cover all modifications and variations in embodiments
of this application provided that they fall within the scope of protection defined by the following

claims in this application and their equivalent technologies.
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What is claimed is:

1. A polar encoding method, comprising:

obtaining to-be-encoded source bits;

performing first polar encoding on the to-be-encoded source bits to obtain encoded source
bits, wherein the first polar encoding comprises first transformation and second transformation,
the first transformation is polarization transformation, a mother code length corresponding to the
first transformation is Ns, the polarization transformation is performed on the to-be-encoded
source bits to obtain first source bits, and the second transformation is performed on the first source
bits to obtain the encoded source bits;

determining assistance information based on the first source bits; and

outputting a source coding codeword, wherein the source coding codeword comprises the
encoded source bits and the assistance information.

2. The method according to claim 1, wherein the second transformation comprises one or
more of the following operations: a convolution operation, an upper triangular transformation
operation, a compression operation, or an interleaving operation.

3. The method according to claim 1 or 2, wherein the determining assistance information
based on the first source bits comprises:

performing check coding on the first source bits to obtain check bits, wherein the check bits
are the assistance information.

4. The method according to claim 1 or 2, wherein the determining assistance information
based on the first source bits comprises:

performing first decoding on the encoded source bits to obtain at least one candidate decoding
result;

determining a first decoding result that is in the at least one candidate decoding result and
that matches the first source bits; and

determining that indication information of the first decoding result is the assistance
information.

5. The method according to claim 4, wherein the performing first decoding on the encoded
source bits to obtain at least one candidate decoding result comprises: performing first decoding
on the encoded source bits to obtain L candidate vectors, wherein L is a positive integer; and

the determining a first decoding result that is in the at least one candidate decoding result and
that matches the first source bits comprises: comparing the L candidate vectors with the first source

bits; and determining a first vector in the L candidate vectors that is the same as the first source
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bits, wherein information about a sequence number of the first vector in the L candidate vectors is
the indication information.

6. The method according to any one of claims 1 to 5, wherein the method further comprises:

performing second polar encoding on the source coding codeword to obtain a channel coding
codeword, wherein a mother code length corresponding to the second polar encoding is Nc; and

outputting the channel coding codeword.

7. The method according to claim 6, wherein m bits in the source coding codeword are flag
bits, and m is a positive integer; and

the performing second polar encoding on the source coding codeword comprises:

mapping, according to a mapping rule, the source coding codeword to information
subchannels of a polarization subchannel of the second polar encoding, to obtain to-be-encoded
channel bits, wherein the mapping rule comprises interleaving mapping, and the interleaving
mapping is: sequentially mapping the source coding codeword to the information subchannels in
a natural order to obtain a channel information bit sequence; and exchanging a bit mapped to an
information subchannel whose sequence number is x; and a bit mapped to an information
subchannel whose sequence number is xj, to obtain the to-be-encoded channel bits, wherein x; is a
sequence number, in the channel information bit sequence, of an information subchannel to which
an i™ flag bit in the m flag bits is mapped, and x| is a sequence number, in the channel information
bit sequence, of an information subchannel with lowest reliability in information subchannels
whose sequence number range is [x;, Xi+1), wherein X+ is a sequence number, in the channel
information bit sequence, of an information subchannel to which an (i+1)™ flag bit in the m flag
bits is mapped, both i and j are positive integers, and i=1, 2, ..., m; and

performing second polar encoding on the to-be-coded channel bits.

8. The method according to claim 7, wherein reliability of the flag bit is higher than reliability
of other bits except the m flag bits in the encoded source bits.

9. A polar decoding method, comprising:

obtaining to-be-decoded source information, wherein the to-be-decoded source information
comprises assistance information;

performing first decoding on the to-be-decoded source information to obtain L candidate
vectors, wherein L is a positive integer;

determining a first vector in the L candidate vectors based on the assistance information,
wherein the assistance information is check bits or indication information, and the indication
information indicates a sequence number of the first vector in the L candidate vectors;

performing polarization transformation on the first vector to obtain a source decoding result;

and
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outputting the source decoding result.

10. The method according to claim 9, wherein the assistance information is check bits; and

the determining a first vector in the L candidate vectors based on the assistance information
comprises:

sequentially checking, based on the check bits, the L candidate vectors in descending order
of reliability; and when the check succeeds, determining a candidate vector on which the check
succeeds as the first vector.

11. The method according to claim 9, wherein the assistance information is indication
information, and the indication information indicates a sequence number of the first vector in the
L candidate vectors; and

the determining a first vector in the L candidate vectors based on the assistance information
comprises:

determining, based on the indication information, the first vector corresponding to the
sequence number indicated by the indication information in the L candidate vectors.

12. The method according to any one of claims 9 to 11, wherein the obtaining to-be-decoded
source information comprises:

performing second decoding on to-be-decoded channel information to obtain a channel
decoding result, wherein the channel decoding result comprises L1 to-be-decoded candidate source
vectors in descending order of reliability, and the to-be-decoded source information is one of the
L1 to-be-decoded candidate source vectors.

13. A polar decoding method, comprising:

obtaining to-be-decoded channel information; and

performing second decoding on the to-be-decoded channel information to obtain a channel

1" channel information bit is

decoding result, wherein a path metric value corresponding to an n
determined based on the following information: a path metric value corresponding to an (n1—1)"
channel information bit, a path metric increment corresponding to the n1™ channel information bit,
and a metric value corresponding to an n2™ source fixed bit obtained when first decoding is
performed on the to-be-decoded source information to obtain the n2™ source fixed bit, wherein n1
and n2 are both positive integers.

14. The method according to claim 13, wherein the metric value of the n2™ source fixed bit
obtained by performing second decoding on the to-be-decoded source information comprises: a
path metric value that corresponds to the 1% to the n2™ source fixed bits and that is obtained when
second decoding is performed on the to-be-decoded source information to obtain the n2'" source

fixed bit.

15. The method according to claim 13, wherein the metric value of the n2™ source fixed bit
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obtained by performing second decoding on the to-be-decoded source information comprises: a
path metric increment corresponding to the n2™ source fixed bit obtained when second decoding
is performed on the to-be-decoded source information to obtain the n2™ source fixed bit.

16. The method according to claim 13 or 15, wherein an information subchannel on which
the n1"™ channel information bit is located has a mapping relationship with the n2'" source fixed bit
in the to-be-decoded source information.

17. The method according to claim 16, wherein the mapping relationship is interleaving
mapping, and the interleaving mapping is: sequentially mapping encoded source bits to
information subchannels in a natural order to obtain a channel information bit sequence, wherein
m bits in the encoded source bits are flag bits, and m is a positive integer; and exchanging a bit
mapped to an information subchannel whose sequence number is X; and a bit mapped to an
information subchannel whose sequence number is xj, to obtain to-be-encoded channel bits,
wherein x; is a sequence number, in the channel information bit sequence, of an information
subchannel to which an i flag bit in the m flag bits is mapped, and x; is a sequence number, in the
channel information bit sequence, of an information subchannel with lowest reliability in
information subchannels whose sequence number range is [Xi, Xi+1), wherein Xj+1 is a sequence
number, in the channel information bit sequence, of an information subchannel to which an (i+1)®
flag bit in the m flag bits is mapped, both i and j are positive integers, and i=1, 2, ..., m.

18. The method according to any one of claims 13 to 17, wherein the path metric value

corresponding to the n1™

channel information bit is a sum of the following three: the path metric
value corresponding to the (nl-1)" channel information bit, the path metric increment
corresponding to the n1™ channel information bit, and the metric value corresponding to the n2®
source fixed bit obtained when second decoding is performed on to-be-decoded source information
to obtain the n2" source fixed bit.

19. The method according to any one of claims 13 to 18, wherein the method further
comprises:

determining the to-be-decoded source information based on the channel decoding result;

performing first decoding on the to-be-decoded source information to obtain L candidate
vectors, wherein L is a positive integer;

determining a first vector in the L candidate vectors based on assistance information, wherein
the assistance information is check bits or indication information, and the indication information
indicates a sequence number of the first vector in the L candidate vectors;

performing polarization transformation on the first vector to obtain a source decoding result;

and

outputting the source decoding result.
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20. A polar encoding apparatus, comprising:

a processing module, configured to: obtain to-be-encoded source bits; perform first polar
encoding on the to-be-encoded source bits to obtain encoded source bits, wherein the first polar
encoding comprises first transformation and second transformation, the first transformation is
polarization transformation, a mother code length corresponding to the first transformation is N,
the polarization transformation is performed on the to-be-encoded source bits to obtain first source
bits, and the second transformation is performed on the first source bits to obtain the encoded
source bits; and determine assistance information based on the first source bits; and

an input/output module, configured to output a source coding codeword, wherein the source
coding codeword comprises the encoded source bits and the assistance information.

21. The apparatus according to claim 20, wherein the second transformation comprises one
or more of the following operations: a convolution operation, an upper triangular transformation
operation, a compression operation, or an interleaving operation.

22. The apparatus according to claim 20 or 21, wherein when determining the assistance
information based on the first source bits, the processing module is configured to:

perform check coding on the first source bits to obtain check bits, wherein the check bits are
the assistance information.

23. The apparatus according to claim 20 or 21, wherein when determining the assistance
information based on the first source bits, the processing module is configured to:

perform first decoding on the encoded source bits to obtain at least one candidate decoding
result;

determine a first decoding result that is in the at least one candidate decoding result and that
matches the first source bits; and

determine that indication information of the first decoding result is the assistance information.

24. The apparatus according to claim 23, wherein when performing first decoding on the
encoded source bits to obtain the at least one candidate decoding result, the processing module is
configured to perform first decoding on the encoded source bits to obtain L candidate vectors,
wherein L is a positive integer; and

when determining the first decoding result that is in the at least one candidate decoding result
and that matches the first source bits, the processing module is configured to: compare the L
candidate vectors with the first source bits; and determine a first vector in the L candidate vectors
that is the same as the first source bits, wherein information about a sequence number of the first
vector in the L candidate vectors is the indication information.

25. The apparatus according to any one of claims 20 to 24, wherein the processing module is

further configured to:
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perform second polar encoding on the source coding codeword to obtain a channel coding
codeword, wherein a mother code length corresponding to the second polar encoding is N¢; and

the input/output module is further configured to output the channel coding codeword.

26. The apparatus according to claim 25, wherein m bits in the source coding codeword are
flag bits, and m is a positive integer; and

when performing second polar encoding on the source coding codeword, the processing
module is configured to:

map, according to a mapping rule, the source coding codeword to information subchannels
of a polarization subchannel of the second polar encoding, to obtain to-be-encoded channel bits,
wherein the mapping rule comprises interleaving mapping, and the interleaving mapping is:
sequentially mapping the source coding codeword to the information subchannels in a natural
order to obtain a channel information bit sequence; and exchanging a bit mapped to an information
subchannel whose sequence number is x; and a bit mapped to an information subchannel whose
sequence number is X;, to obtain the to-be-encoded channel bits, wherein X; is a sequence number,
in the channel information bit sequence, of an information subchannel to which an i™ flag bit in
the m flag bits is mapped, and x; is a sequence number, in the channel information bit sequence,
of an information subchannel with lowest reliability in information subchannels whose sequence
number range is [Xi, Xi+1), wherein Xj+1 1s a sequence number, in the channel information bit
sequence, of an information subchannel to which an (i+1)" flag bit in the m flag bits is mapped,
both i and j are positive integers, and i=1, 2, ..., m; and

perform second polar encoding on the to-be-coded channel bits.

27. The apparatus according to claim 26, wherein reliability of the flag bit is higher than
reliability of other bits except the m flag bits in the encoded source bits.

28. A polar decoding apparatus, comprising:

a processing module, configured to: obtain to-be-decoded source information, wherein the
to-be-decoded source information comprises assistance information; perform first decoding on the
to-be-decoded source information to obtain L candidate vectors, wherein L is a positive integer;
determine a first vector in the L candidate vectors based on the assistance information, wherein
the assistance information is check bits or indication information, and the indication information
indicates a sequence number of the first vector in the L candidate vectors; and perform polarization
transformation on the first vector to obtain a source decoding result; and

an input/output module, configured to output the source decoding result.

29. The apparatus according to claim 28, wherein the assistance information is check bits;
and

when determining the first vector in the L candidate vectors based on the assistance
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information, the processing module is configured to:

sequentially check, based on the check bits, the L candidate vectors in descending order of
reliability; and when the check succeeds, determine a candidate vector on which the check
succeeds as the first vector.

30. The apparatus according to claim 28, wherein the assistance information is indication
information, and the indication information indicates a sequence number of the first vector in the
L candidate vectors; and

when determining the first vector in the L candidate vectors based on the assistance
information, the processing module is configured to:

determine, based on the indication information, the first vector corresponding to the sequence
number indicated by the indication information in the L candidate vectors.

31. The apparatus according to any one of claims 28 to 30, wherein when obtaining the to-
be-decoded source information, the processing module is configured to:

perform second decoding on to-be-decoded channel information to obtain a channel decoding
result, wherein the channel decoding result comprises L1 to-be-decoded candidate source vectors
in descending order of reliability, and the to-be-decoded source information is one of the L1 to-
be-decoded candidate source vectors.

32. A polar decoding apparatus, comprising:

an input/output module, configured to obtain to-be-decoded channel information; and

a processing module, configured to perform second decoding on the to-be-decoded channel
information to obtain a channel decoding result, wherein a path metric value corresponding to an
n1® channel information bit is determined based on the following information: a path metric value
corresponding to an (n1—1)" channel information bit, a path metric increment corresponding to the
n1™ channel information bit, and a metric value corresponding to an n2" source fixed bit obtained
when first decoding is performed on the to-be-decoded source information to obtain the n2™ source
fixed bit, wherein n1 and n2 are both positive integers.

33. The apparatus according to claim 32, wherein when the metric value of the n2™ source
fixed bit is obtained by performing second decoding on the to-be-decoded source information, the
processing module is configured to obtain a path metric value corresponding to the 1° to the n2™
source fixed bits when second decoding is performed on the to-be-decoded source information to
obtain the n2" source fixed bit.

34. The apparatus according to claim 32, wherein when the metric value of the n2™ source
fixed bit is obtained by performing second decoding on the to-be-decoded source information, the
processing module is configured to obtain a path metric increment corresponding to the n2™ source

fixed bit when second decoding is performed on the to-be-decoded source information to obtain

62



10

15

20

25

30

35

the n2™ source fixed bit.

35. The apparatus according to claim 32 or 34, wherein an information subchannel on which
the n1" channel information bit is located has a mapping relationship with the n2" source fixed bit
in the to-be-decoded source information.

36. The apparatus according to claim 35, wherein the mapping relationship is interleaving
mapping, and the interleaving mapping is: sequentially mapping encoded source bits to
information subchannels in a natural order to obtain a channel information bit sequence, wherein
m bits in the encoded source bits are flag bits, and m is a positive integer; and exchanging a bit
mapped to an information subchannel whose sequence number is X; and a bit mapped to an
information subchannel whose sequence number is xj, to obtain to-be-encoded channel bits,
wherein X; is a sequence number, in the channel information bit sequence, of an information
subchannel to which an i flag bit in the m flag bits is mapped, and x; is a sequence number, in the
channel information bit sequence, of an information subchannel with lowest reliability in
information subchannels whose sequence number range is [Xi, Xi+1), wherein Xi+1 is a sequence
number, in the channel information bit sequence, of an information subchannel to which an (i+1)™"
flag bit in the m flag bits is mapped, both i1 and j are positive integers, and i=1, 2, ..., m.

37. The apparatus according to any one of claims 32 to 36, wherein the path metric value
corresponding to the n1™ channel information bit is a sum of the following three: the path metric
value corresponding to the (nl—1)" channel information bit, the path metric increment

1™ channel information bit, and the metric value corresponding to the n2

corresponding to the n
source fixed bit obtained when second decoding is performed on to-be-decoded source information
to obtain the n2'" source fixed bit.

38. The apparatus according to any one of claims 32 to 37, wherein the processing module is
further configured to: determine the to-be-decoded source information based on the channel
decoding result; perform first decoding on the to-be-decoded source information to obtain L
candidate vectors, wherein L is a positive integer; determine a first vector in the L candidate vectors
based on assistance information, wherein the assistance information is check bits or indication
information, and the indication information indicates a sequence number of the first vector in the
L candidate vectors; perform polarization transformation on the first vector to obtain a source
decoding result; and

output the source decoding result.

39. A computer-readable storage medium, wherein the computer-readable storage medium
stores computer-readable instructions; and when the computer-readable instructions are run, the

method according to any one of claims 1 to 8 is performed, the method according to any one of

claims 9 to 12 is performed, or the method according to any one of claims 13 to 19 is performed.
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40. A computer program product, wherein the computer program product stores computer-
readable instructions; and when the computer-readable instructions are run, the method according
to any one of claims 1 to 8 is performed, the method according to any one of claims 9 to 12 is

performed, or the method according to any one of claims 13 to 19 is performed.
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