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The embodiments of the present invention provide a decod-
ing method and a decoding device for a polar code cascaded
with CRC. The decoding method includes: performing SC-
List decoding on a Polar code according to the number of
survival paths L to obtain L survival paths, where L 1s a
positive integer; performing cyclic redundancy check on the
L. survival paths respectively; and increasing the number of

survival paths when all the L survival paths fail to pass the
cyclic redundancy check, and acquiring a decoding result of
the Polar code according to the increased number of survival
paths. In the embodiments of the present invention, the path
number of survival paths 1s adjusted according to a result of
the cyclic redundancy check, so as to output paths as much
as possible, where the output paths can pass the cyclic
redundancy check, thereby improving decoding perfor-
mance.
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DECODING METHOD AND DECODING
DEVICE FOR POLAR CODE CASCADED
WITH CYCLIC REDUNDANCY CHECK

Matter enclosed in heavy brackets | ] appears in the
original patent but forms no part of this reissue specifica-
tion; matter printed in italics indicates the additions
made by reissue; a claim printed with strikethrough
indicates that the claim was canceled, disclaimed, or held
invalid by a prior post-patent action or proceeding.

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application is a Reissue Application of patent appli-
cation Ser. No. 14/335,362 filed on Jul. 18, 2014, issued as

US. Pat. No. 9178532 B2 on Nov. 3, 2015, which 1s a
continuation of International Application No. PCT/CN2012/
076029, filed on May 25, 2012[, which]. T%e international
application claims priority [of the] o Chinese Patent Appli-
cation No. 201210019078.9, filed on Jan. 20, 2012], both of
which are | All of the aforementioned patent applications
are hereby incorporated by [references] reference in their
entities.

TECHNICAL FIELD

The embodiments of the present invention relate to the
encoding/decoding field, and 1n particular, to a decoding
method for a Polar code (polar code) cascaded with CRC

(Cyclic Redundancy Check, cyclic redundancy check).

BACKGROUND

In a communication system, channel encoding 1s usually
adopted to improve reliability of data transmission and
ensure quality of communication. A Polar code 1s a good
code which has been proved to be capable of acquiring
Shannon capacity and has low encoding/decoding complex-
ity. A Polar code 1s a linear block code. Its generator matrix
is G,,, and its encoding process is x,"=u,"G,,, where,
G, =B, F®" and a code length is N=2", n=0.

Here,

)

B.,1s a transposed matrix, such as a bit reversal (bit reversal)
matrix.

F®” is a Kronecker power (Kronecker power) of F, and is

defined as F®”ZF®F®(H"”. The Polar code may be
expressed as (N, K, A, u,) by using a coset code. Its
encoding process is: X, =u G, (A)Pu G, (A%), where, A
is a set of [an] information [(information)] bit [index]
indices, G, (A) 1s a submatrix obtained according to rows
[that correspond] where each row corresponds to an index of
the set A in G, and G, (A®) is a submatrix obtained
according to rows [that correspond] where each row corre-
sponds 1o an index of a set A“ in G,,. u . [is a] are frozen
[(frozen) bit] bits and [is a] are known [bit] bits, where the
number of frozen bits 1s (N-K). For simplicity, these frozen
bits may be set to 0.

Decoding of the Polarcodemayuse SC (successive-can-
cellation, successive-cancellation) decoding, and its process
1s as follows:
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2
Consider a kind of Polar code, whose parameter 1s (N, K,
A, u ).
In SC decoding, the following conditional likelihood
functions are calculated sequentially:

2 WHGT -t 0) (1)

Ly, 67 = — -
? i AI_].
WH G -0 D)

I[f 1< A, decision 1s made as follows:

) { 0, if LY, 0 = 1 2)
l; =

1, 1n other cases
If i c A%, simply assume 0; =y, (3)

In the foregoing formulas (2) and (3), u,
decision value of bit u,.

The complexity of the SC decoding 1s 0 (N log,N). The
SC decoding may have good performance and approximate
the Shannon limit 1n the case that the code length N 1s very
long, but when N 1s relatively short or has an intermediate
length, performance of the SC decoding of the Polar code
does not exceed performance of a Turbo code and an LDPC
(Low-density Parity-check, low-density parity-check) code,
and decoding performance needs to be further improved.

Decoding 1s performed sequentially bit by bit during the
SC decoding. After decoding of each bit 1s completed, a
decoded bit 1s used for subsequent bit decoding after hard
decision 1s performed, and in this way, wrong propagation
may exist, thereby causing degradation of the decoding
performance. List (list) decoding reserves a plurality of
candidate paths and can have decoding performance that
approximates the maximum likelihood. SC-List decoding 1s
obtained through the combination of the SC decoding and
the List decoding.

A process of the SC-List decoding of the Polar code 1s
briefly described as follows:

Path split: whenever 1, is an information bit (information
bit), a current decoding path 1s split into two paths: one path
in the case of 1,=0 and the other path in the case of u,=1.
When the total number of paths exceeds a pre-defined
threshold L, a most unreliable path 1s discarded, only L most

reliable paths (called survival path) are maintained; and
turthermore, probability values or LLRs (Log-Likelihood
Ratio, log-likelihood ratio) on all the paths are updated.

No path split: if 0, 1s a frozen bit, all decoding paths are
not split. It 1s assumed that u=u,, the number of paths is
maintained unchanged and probability values (or LLRs) of
all the paths are updated.

Existing SC-List decoding adopts the fixed number of
survival paths L, and the complexity of the decoding 1s O
(LxNxlog,N).

By adopting a scheme of cascading CRC and the Polar
code, the Hamming distance (Hamming Distance) can be
increased and performance of a code 1n a high SNR 1nterval
can be improved. A simulation result indicates that perfor-
mance ol the cascading scheme is the same as performance
of a Turbo code and an LDPC code. However, 11 a value of
the fixed number of existing survival paths 1s excessively
small, a demand for the decoding performance cannot be
satisfied; and 11 a value 1s excessively large, the decoding
complexity 1s increased.

represents a
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SUMMARY

The embodiments of the present invention provide a
decoding method and a decoding device for a polar code, so
that decoding performance of the polar code can be
improved.

In one aspect, a decoding method for a Polar code 1s
provided and includes: performing SC-List decoding on a
Polar code according to the number of survival paths L to
obtain L survival paths, where L 1s a positive integer;
performing cyclic redundancy check on the L survival paths
respectively; and increasing the number of survival paths
when all the L survival paths fail to pass the cyclic redun-
dancy check and acquiring a decoding result of the Polar
code according to the imncreased number of survival paths.

In another aspect, a decoding device 1s provided and
includes: a decoder, configured to perform SC-List decoding
on a Polar code according to the number of survival paths L
to obtain L survival paths, where L 1s a positive integer; a
checker, configured to perform cyclic redundancy check
respectively on the L survival paths that 1s obtained by the
decoder; and a selector, configured to increase the number of
survival paths when all the L survival paths fail to pass the
cyclic redundancy check and acquire a decoding result of the
Polar code according to the increased number of survival
paths.

In the embodiments of the present invention, the path
number of survival paths 1s adjusted according to a result of
cyclic redundancy check, so as to output paths as much as
possible, where the output paths can pass the cyclic redun-
dancy check, thereby improving decoding performance.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a schematic diagram of a scheme for cascading
a Polar code and CRC;

FIG. 2 1s a flow chart of a decoding method for a Polar
code according to an embodiment of the present invention;

FIG. 3 1s a schematic flow chart of a decoding process
according to another embodiment of the present invention;

FI1G. 4 1s a block diagram of a decoding device according
to an embodiment of the present invention; and

FIG. 5 1s a block diagram of a decoding device according
to another embodiment of the present invention.

DETAILED DESCRIPTION

The technical solutions 1n the embodiments of the present
invention are described clearly and completely 1n the fol-
lowing with reference to the accompanying drawings in the
embodiments of the present invention. Apparently, the
embodiments to be described are only a part rather than all
of the embodiments of the present invention. Based on the
embodiments of the present invention, all other embodi-
ments obtained by persons of ordinary skaill in the art without
creative eflorts shall fall within the protection scope of the
present invention.

The embodiments of the present invention may be applied
1in various commumnication systems. Therefore, the following
descriptions are not limited to a specific communication
system, such as a global system of mobile communication,
(Global System of Mobile communication, “GSM” for
short) system, a code division multiple access (Code Divi-
sion Multiple Access, “CDMA” for short) system, a wide-
band code division multiple access (Wideband Code Divi-
sion Multiple Access, “WCDMA” for short) system, a
general packet radio service (General Packet Radio Service,
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4

“CPRS” for short), a long term evolution (Long Term
Evolution, “LTE” for short) system, an LTE 1frequency
division duplex (Frequency Division Duplex, FDD {for
short) system, an LTE time division duplex (Time Division
Duplex, “TDD” for short), and a universal mobile telecom-
munication system (Universal Mobile Telecommunication

System, “UMTS” for short). All information or data encoded
and processed by a base station or a terminal by using a
conventional Turbo code and LDPC code 1n the foregoing

systems may be encoded by using a Polar code in this
embodiment.

FIG. 1 1s a schematic diagram of a scheme for cascading
a Polar code and CRC. Simulation indicates that 1n the case
of an mtermediate code length, performance of the cascad-

ing scheme 1s equivalent to that of a Turbo code and an

LDPC code.
As shown 1n FIG. 1, 1n the scheme of cascading CRC and
a Polar code, firstly CRC check is performed on [a] non-

frozen [bit] bits (for example, [a bit whose] #2ze length is
1024 bits) to obtain [a] corresponding CRC check [bit] bits
(for example, [its] ke length is 1040 bits). Then Polar
encoding is performed on the CRC check [bit] bits and [a}
frozen [bit] bits (for example, [its] #2e length is 1008 bits) to
obtain a Polar code (for example, [its] tze length is 2048
bits).

In this embodiment of the present invention, the Polar
code obtained 1n a manner exemplified 1n FIG. 1 may be
decoded. However, it should be noted that a value of the bit
length 1n FIG. 1 1s only exemplary and this embodiment of
the present invention 1s not limited to this. For example, a
code length of the Polar code that may be decoded 1n this
embodiment of the present invention may not be 2048.

FIG. 2 1s a tlow chart of a decoding method for a Polar
code cascaded with CRC according to an embodiment of the
present invention. The method 1 FIG. 2 1s executed by a
decoding end.

101: Perform SC-List decoding on a Polar code according
to the number of survival paths L to obtain L survival paths,
where L 1s a positive integer.

For example, the Polar code may be a Polar code that 1s
cascaded with CRC and generated in the manner shown 1n
FIG. 1. A manner for performing SC-List decoding on the
Polar code 1s not limited in this embodiment of the present
invention, for example, reference may be made to the prior
art for performing the SC-List decoding.

102: Perform cyclic redundancy check on the L survival
paths respectively.

In a SC-List decoding process of the Polar code, the
SC-List decoding 1s generally decoding in bit-by-bit (Bit)
serial. Starting from a first bit, the first bit may be O or 1, and
a second bit may also be 0 or 1, so that a tree structure may
be formed from the first bit to a currently decoded bit. A path
1s formed from a root node to a leal node of the tree. A
survival path 1s a path left by screening in a decoding
process, which actually indicates a probable result of the
decoding.

103: Increase the number of survival paths when all the L
survival paths fail to pass the cyclic redundancy check and
acquire a decoding result of the Polar code according to the
increased number of survival paths.

In this embodiment of the present invention, the path
number of survival paths 1s adjusted according to a result of
the cyclic redundancy check, so as to output paths as much
as possible, where the output paths can pass the cyclic
redundancy check, thereby improving decoding perfor-
mance.
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Optionally, as an embodiment, in step 103, if the
increased number of survival paths 1s less than or equal to a
threshold value, the method 1n FIG. 1 1s re-executed accord-
ing to the increased number of survival paths to acquire a
decoding result of the Polar code. Or, 1f the increased
number of survival paths 1s greater than a threshold value, a
survival path with a greatest probability value among the L
survival paths 1s output as the decoding result of the Polar
code. In this way, the decoding performance 1s 1improved,
and meanwhile, 1t 1s ensured that the decoding complexity 1s
not excessively high.

Therefore, the complexity of the SC-List decoding may
be reduced by lowering the threshold value. In addition, 1
the threshold value 1s increased, performance 1n a high SNR
(Signal Noise Ratio, signal noise ratio) interval in this
embodiment of the present invention may be improved. A
setting manner and a specific value of the threshold value are
not limited 1n this embodiment of the present invention, for
example, the setting may be performed according to a
demand for the decoding complexity and/or a demand for
the decoding performance.

A manner for increasing the number of survival paths 1s
not limited 1n this embodiment of the present invention, as
long as the number of survival paths 1s increased 1n a strictly
monotonic mcreasing way. Optionally, as another embodi-
ment, when the number of survival paths 1s increased 1n step
103, the number of survival paths may be increased by m,
where m 1s a positive integer, or the number of survival paths
1s multiplied by n, where n 1s greater than 1. The foregoing
m or n may be a fixed value or a vaniable value, which 1s not
limited 1n this embodiment of the present invention.

Optionally, as another embodiment, 1f one or multiple of
the L survival paths pass the cyclic redundancy check, a
survival path with a greatest probability value of the one or
multiple of survival paths may be output as the decoding
result of the Polar code.

Setting an 1nitial value of the number of survival paths 1s
not limited in this embodiment of the present mvention.
Optionally, as another embodiment, an initial value of the
number of survival paths may be set according to a demand
tor the decoding complexity and/or a demand for the decod-
ing pertormance. In this way, required time for acquiring the
decoding result of the Polar code can be shortened and
decoding efliciency can be improved.

Embodiments of the present invention are described in
turther detail 1n the following with reference to specific
examples. FIG. 3 1s a schematic flowchart of a decoding
process according to another embodiment of the present
invention. The embodiment 1n FIG. 3 1s a specific imple-
mentation manner of the method in FIG. 2. The adaptive
number of survival paths L 1s adopted, so that decoding
performance 1s improved.

201: Initialize the number of survival paths L=Linait.

Linit 1s a positive integer, such as 4, 8, or 16, and indicates
an 1itial value of the number of survival paths. For example,
the 1nitial value of the number of survival paths may be set
according to a demand for the decoding complexity and/or
a demand for the decoding performance. In this way,
required time for acquiring a decoding result of a Polar code
can be shortened and decoding efliciency can be improved.
However, neither a setting manner of Linit nor a specific

value of Linit 1s limited in this embodiment of the present
invention.

202: Perform SC-List decoding on a Polar code to obtain
L. survival paths.

203: Perform CRC (cyclic redundancy check) respec-
tively on the L survival paths that are generated 1n step 202.
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204: Determine, according to a check result in step 203,
whether a survival path that passes the CRC exists.

205: If 1t 1s determined that one or multiple of survival
paths pass the CRC 1n step 204 (“ves” 1n step 204), output
a survival path with a greatest probability value of the one
or multiple of survival paths as a decoding result.

206: Increase the number of survival paths L, for
example, L=L+m (m 1s a positive mteger) or L=Lxn (n 1s
greater than 1) 1f all the L survival paths fail to pass the CRC
in step 204 (“no” 1n step 204). m or n may be a fixed value
or a variable value, which 1s not limited 1n this embodiment
of the present invention.

207: Judge whether the increased number of survival
paths 1s greater than a threshold value Lmax. Lmax 1s greater
than 1 and may be a preset value, such as 64, or 128. The
threshold value Lmax of the number of survival paths may
be set according to a demand for the decoding complexity
and/or a demand for the decoding performance. In this way,
required time for acquiring the decoding result can be
shortened and the decoding efliciency can be improved. A
setting manner and a specific value of the threshold value are
not limited 1n this embodiment of the present invention.

If a judging result 1 step 207 1s “no”, namely, L=L.max,
the method 1n the FIG. 2 returns to step 202, and step 202
and the procedure after step 202 are re-executed according
to the increased number of survival paths, so as to acquire
the decoding result.

208: If the judging result i step 207 1s “ves”, namely,
[L>Lmax, output a survival path with a greatest probability
value among the current L survival paths as the decoding
result.

In this way, 1n this embodiment of the present invention,
the path number of survival paths 1s adjusted adaptively
according to a result of the cyclic redundancy check, so as
to output paths as much as possible, where the output paths
can pass the cyclic redundancy check, thereby improving the
decoding performance. In addition, the threshold value of
the number of survival paths 1s set 1n this embodiment of the
present invention, so that the decoding complexity can also
be 1mproved.

FIG. 4 1s a block diagram of a decoding device for a Polar

code cascaded with CRC according to an embodiment of the
present mvention. A decoding device 30 1n FIG. 4 may be
any proper entity and may be used in decoding processing of
a Polar code. The decoding device 30 includes a decoder 31,
a checker 32, and a selector 33.
The decoder 31 performs SC-List decoding on a Polar
code according to the number of survival paths L to obtain
L survival paths, where L 1s a positive integer. The checker
32 performs cyclic redundancy check respectively on the L
survival paths that are obtained by the decoder 31. The
selector 33 increases the number of survival paths when all
the L survival paths fail to pass the cyclic redundancy check
of the checker 32 and acquires a decoding result according
to the increased number of survival paths.

In this embodiment of the present invention, the path
number of the survival paths 1s adjusted according to a result
of the cyclic redundancy check, so that an optimal compro-
mise can be obtamned between decoding complexity and
decoding performance.

The decoding device 30 1n FIG. 4 may execute steps of the
method shown 1 FIG. 2 or FIG. 3. To avoid repetition, no
detailed description 1s provided again.

Optionally, as an embodiment, the selector 33 may output
the increased number of survival paths to the decoder 31
when the increased number of survival paths 1s less than or
equal to a threshold value, so that the decoder 31 performs
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the SC-List decoding on the Polar code again according to
the increased number of survival paths. Or, the selector 33
may output a survival path with a greatest probability value
among the L survival paths as the decoding result when the
increased number of survival paths 1s greater than a thresh-
old value. In this way, the decoding performance 1is
improved and meanwhile, 1t 1s ensured that the decoding
complexity 1s not excessively high.

Optionally, as another embodiment, the selector 33 may
increase the number of survival paths by m, where m 1s a
positive integer, or multiply the number of survival paths by
n, where n 1s greater than 1. The foregoing m or n may be
a fixed value or a variable value, which 1s not limited 1n this
embodiment of the present invention.

Optionally, as another embodiment, 11 one or multiple of
the L survival paths pass the cyclic redundancy check, the
selector 33 may also output a survival path with a greatest
probability value of the one or multiple of survival paths as
the decoding result.

Optionally, as another embodiment, the decoder 31 may
turther set an 1nitial value of the number of survival paths
according to a demand for the decoding complexity and/or
a demand for the decoding performance. In this way,
required time for acquiring the decoding result can be
shortened and decoding etliciency can be improved.

FIG. 5 1s a block diagram of a decoding device according
to another embodiment of the present mnvention. A decoding,
device 40 1n FIG. 5 15 a specific implementation manner of
the decoding device 30 1n FIG. 3. The adaptive number of
survival paths L 1s adopted, so that decoding performance 1s
improved.

As shown 1n FIG. 5, the decoding device 40 includes a
decoder 41, a checker 42, and a selector 43.

The decoder 41 performs SC-List decoding on a Polar
code to obtain L survival paths. For example, the Polar code
may be a cascade code generated in the manner shown in
FIG. 1. The decoder 41 outputs the L survival paths pathl to
pathL to the checker 42 respectively to perform CRC check.
In addition, the decoder 41 outputs probability values P1 to
PL of the L survival paths to the selector 43 respectively.

To illustrate the drawing clearly, the checker 42 1n FIG. 5
1s described as L checkers 42-1 to 42-L, but the description
1s merely exemplary, and 1s not intended to limit this
embodiment of the present invention. Functions of the L
checkers 42-1 to 42-L. may be implemented by one checker
42. In the specification, the checkers 42-1 to 42-L may be
called a checker 42 collectively.

The checker 42 performs CRC check on the L survival
paths pathl to pathL respectively, and output check results
R1 to RL of the L survival paths to the selector 43 respec-
tively. A check result may indicate whether a survival path
passes the CRC check (pass) or fails to pass the CRC check
(fail).

The selector 43 determines, according to the check result
of the checker 42, whether a survival path that passes the
CRC check exists. If k (1=k=l, and k 1s a positive integer)
survival paths pass the CRC check, the selector 43 may
select a survival path with a greatest probability value as a
decoding result according to probability values of the k
survival paths output by the decoder 41.

In another aspect, 11 all the L survival paths fail to pass the
CRC check of the checker 42, the selector 43 may increase
the number of survival paths, for example, L=L+m (m 1s a
positive iteger) or L=Lxn (n 1s greater than 1). If the
increased number of survival paths does not exceed a preset
threshold value L . the selector 43 returns the increased
number of survival paths to the decoder 41. The decoder 41
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performs the SC-List decoding on the Polar code again
according to the increased number of survival paths, and the
checker 42 and the selector 43 execute a subsequent proce-
dure accordingly.

If the increased number of survival paths exceeds the
preset threshold value L, . the selector 43 selects a path
with a greatest probability value among the current L
survival paths as the decoding result, instead of returning the
increased number of survival paths to the decoder 41.

In this way, 1n this embodiment of the present invention,
the path number of survival paths 1s adjusted adaptively
according to a result of the cyclic redundancy check, so as
to output paths as much as possible, where the output paths
can pass the cyclic redundancy check, thereby improving the
decoding performance. In addition, the threshold value of
the number of survival paths 1s set 1n this embodiment of the

present invention, so that the decoding complexity can also
be 1mproved.

Simulation 1s performed according to an adaptive SC-List
decoding scheme and a conventional SC-List decoding
scheme 1n the embodiments of the present invention. In a
simulation scene, a code length 1s 2048, a code rate 1s 12, and
L. .=4 (in the conventional SC-List decoding scheme, the
fixed number of paths L=32 is used), the number of survival
paths 1s increased by L=Lx2 each time, and L, =128 A
simulation result indicates that decoding complexity of the
adaptive SC-List decoding scheme in the embodiments of
the present mnvention can be decreased to about 4, and its
decoding performance is better than the performance of the
conventional SC-List decoding by 0.2 dB.

Persons of ordinary skill in the art may be aware that the
various exemplary units and algorithm steps described with
reference to the embodiments disclosed herein can be imple-
mented by electronic hardware, or a combination of com-
puter software and electronic hardware. Whether the func-
tions are executed by hardware or software depends on
particular applications and design constraint conditions of
the technical solutions. Persons skilled 1n the art may use
different methods to implement the described ftunctions for
every particular application, but 1t should not be considered
that the implementation goes beyond the scope of the
present 1vention.

It can be clearly understood by persons skilled 1n the art
that, for the purpose of convenient and brief description, for
a detailed working process of the foregoing system, device
and unit, reference may be made to a corresponding process
in the method embodiments, and the details are not
described herein again.

In the embodiments provided in the present application, it
should be understood that the disclosed system, device, and
method may be implemented 1n other manners. For example,
the described device embodiments are merely exemplary.
For example, the unit division 1s merely logical function
division and may be other division in actual implementation.
For example, multiple units or components may be com-
bined or integrated into another system, or some features
may be 1gnored or not be performed. In addition, the
displayed or discussed mutual couplings or direct couplings
or communication connections are implemented through
some 1nterfaces. The indirect couplings or communication
connections between the devices or units may be 1mple-
mented 1n electronic, mechanical or other forms.

The units described as separate parts may or may not be
physically separate, and parts displayed as units may or may
not be physical units, may be located 1n one position, or may

be distributed on multiple network elements. A part or all of
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the units may be selected according to an actual requirement
to achieve the objectives of the solutions 1n the embodi-
ments.

In addition, function units in the embodiments of the
present invention may be integrated into one processing
unit, or each of the units may exist alone physically, or two
or more units are integrated into one unit.

When the functions are implemented 1n the form of a
software function umt and sold or used as a stand-alone
product, the functions may be stored 1n a computer-readable
storage medium. Based on such understanding, the essence
of the technical solutions 1n the present invention, or part
that makes contributions to the prior art, or part of the
technical solution may be embodied i1n the form of a
soltware product. The computer software product may be
stored 1n a storage medium, and includes several instructions
for 1mstructing a piece of computer equipment (for example,
a personal computer, a server, or network equipment) to
execute all or a part of the steps of the method described 1n
cach embodiment of the present mmvention. The storage
medium may be any medium that 1s capable of storing
program codes, such as a USB flash disk, a removable hard
disk, a Read-Only Memory (ROM, Read-Only Memory), a
Random Access Memory (RAM, Random Access Memory),
a magnetic disk, or an optical disk. Persons skilled in the art
may understand that the modules in the devices i the
embodiments may be arranged in the devices 1n a distributed
manner according to the description of the embodiments, or
may be arranged 1n one or multiple devices which are
different from those described in the embodiments. The
modules may be combined into one module, and may also
be split into multiple submodules.

What 1s claimed 1s:

1. A [decoding] method for decoding a Polar code cas-
caded with cyclic redundancy check [CRC], performed by a
decoding device, the method comprising;

receiving a Polar code, wherein the Polar code is
obtained by encoding information bits;

performing, according to a number of survival paths L, a
successive-cancellation-list (SC-List) decoding on [a}
the Polar code, to obtain L survival paths, wherein L 1s
a positive integer;

performing a cyclic redundancy check on each of the L
survival paths [respectively];

increasing the number of survival paths by AL 1n response
to all the L survival paths failing to pass the cyclic
redundancy check, wherein AL is a positive integer;
[and]

acquiring a decoding result of the Polar code according to
the increased number of survival paths L+AL; and

outputting the decoding rvesult.

2. The method according to claim 1, wherein acquiring the
decoding result of the Polar code according to the increased
number of survival paths|[,] L+AL comprises:

[if the increased number of survival paths is less than or
equal to a threshold value, re-executing the method
according to the increased number of survival paths to
acquire the decoding result of the Polar code; or]

if the increased number of survival paths L+AL 1s greater
than a threshold value, outputting a survival path with
a greatest probability value among the L+AL survival
paths as the decoding result of the Polar code.

3. The method according to claim 1, wherein increasing,

the number of survival paths by AL comprises:

increasing the number of survival paths L by m, wherein
m 1S a positive integer, or
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multiplying the number of survival paths L by n, wherein
n 1s greater than 1.

4. The method according to claim 1, further comprising:

11 one or multiple of the L survival paths pass the cyclic
redundancy check, outputting a survival path with a
greatest probability value of the one or multiple of
survival paths as the decoding result of the Polar code.

5. The method according to claim 1, further comprising:

setting an 1nitial value of the number of survival paths
according to a demand for decoding complexity or a
demand for decoding performance.

6. A[decoding] device for decoding a Polar code cascaded
with cyclic redundancy check JCRC], the device compris-
ng:

a processor and a memory coupled to the processor;

wherein, by executing program codes stoved in the
memory, the processor is configured to:

[a decoder, configured to] perform, according to a number
of survival paths L, a successive-cancellation-list (SC-
List) decoding on [a] ¢ke Polar code to obtain L survival
paths, wherein the Polar code is obtained by encoding
information bits, and wherein L 1s a positive integer;

[a checker, configured to] perform cyclic redundancy
check [respectively] on each of the L survival paths
[that are obtained by the decoder]; [and

a selector, configured to] increase the number of survival
paths by AL 1n response to all the L survival paths
failing to pass the cyclic redundancy check [and],
wherein AL is a positive integer;

acquire a decoding result of the Polar code according to
the increased number of survival paths L+AL; and

output the decoding result.

7. The device according to claim 6, wherein the [selector]
processor is configured to Joutput the increased number of
survival paths to the decoder when the increased number of
survival paths 1s less than or equal to a threshold value, so
that the decoder performs the SC-List decoding on the Polar
code again according to the increased number of survival
paths; or] output a survival path with a greatest probability
value among the L+AL survival paths as the decoding result
of the Polar code when the increased number of survival
paths L+AL 1s greater than a threshold value.

8. The device according to claim 6, wherein in increasing
the number of survival paths by AL, the [selector] processor
1s configured to:

increase the number of survival paths L by m, wherein m
1s a positive iteger, or

multiply the number of survival paths L by n, wherein n
1s greater than 1.

9. The device according to claim 6, wherein the [selector]
processor 1s Turther configured to, 11 one or multiple of the
L survival paths pass the cyclic redundancy check, output a
survival path with a greatest probability value of the one or
multiple of survival paths as the decoding result of the Polar
code.

10. The device according to claim 6, wherein the
[decoder] processor is further configured to set an initial
value of the number of survival paths according to a demand
for decoding complexity or a demand for decoding perfor-
mance.

11. A method, performed by an encoding device, compris-
ing.

obtaining a plurality of non-frozen bits;

performing a cyclic vedundancy check (CRC) on the
non-frozen bits, to obtain CRC checked bits;

adding one ov move frozen bits to the CRC checked bits;
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performing a polar encoding process on the CRC checked
bits and the frozen bits, to obtain a polar code; and
outputting the polar code.
12. The encoding method according to claim 11, wherein
the polar encoding process is expressed as:

N_, N

wherein x,”" is the outputting polar code, Gy is a gen-
erator matrix for the polar code, and u,” are inputting
bits, wherein the inputting bits include the CRC
checked bits and the frozen bits.

13. The encoding method according to claim 12, wherein
a length of the polar code is N, N=2"n, and n=z0.

14. The encoding method accovding to claim 11, wherein
the polar code is configured for decoding using CRC check
of one or more of L survival paths, wherein L is a positive
integer.

13. The encoding method accovding to claim 11, wherein
the polar code is configured for successive-cancellation-list
(SC-List) decoding using CRC check of one or more of L
survival paths.

16. The encoding method according to claim 11, wherein
the polar code is configured for successive-cancellation-list
(SC-List) decoding using a number L of survival paths
adapted according to a result of CRC check of the survival
paths.

17. An encoding device, comprising a processor and a
memory storing program codes for execution by the proces-
sor, wherein the program codes, when executed by the
processor, cause the encoding device to:

obtain a plurality of non-frozen bits;

perform a cyclic redundancy check (CRC) on the non-

frozen bits, to obtain CRC checked bits;
add one or more frozen bits to the CRC checked bits;
perform a polar encoding process on the CRC checked
bits and the frozen bits to obtain a polar code; and
output the polar code.
18. The encoding device according to claim 17, wherein
the polar encoding process is expressed as:

N_ N
X, =uy GM

wherein x," is the outputting polar code, Gy is a gen-
erator matrix for the polar code, and u/~ are inputting
bits, wherein the inputting bits include the CRC
checked bits and the frozen bits.

19. The encoding device according to claim 18, wherein
a length of the polar code is N, N=2"n, and n=0.

20. The encoding device according to claim 17, wherein
the polar code is configured for decoding using CRC check
of one or more of L survival paths, wherein L is a positive
integer.
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21. The encoding device according to claim 17, wherein
the polar code is configured for successive-cancellation-list

(SC-List) decoding using CRC check of one or movre of L

survival paths.

22. The encoding device accovding to claim 17, wherein
the polar code is configured for successive-cancellation-list
(SC-List) decoding using a number L of survival paths
adapted according to a result of CRC check of the survival
paths.

23. The encoding device according to claim 17, wherein
the encoding device is a base station or a terminal device.

24. A non-transitory computer-readable storage medium
storing program codes which, when executed, cause an
encoding device to:

obtain a plurality of non-frozen bits;

perform a cyclic redundancy check (CRC) on the non-
frozen bits, to obtain CRC checked bits;

add one or more frozen bits to the CRC checked bits;

perform a polar encoding process on the CRC checked
bits and the frozen bits to obtain a polar code; and

output the polar code.

25. The non-transitory computer-readable storage
medium accovding to claim 24, wherein the polar encoding
process is expressed as:

N_. N
X/ =uy GM

wherein x; is the outputting polar code, G, is a gen-
erator matrix for the polar code, and u ;" are inputting

bits, wherein the inputting bits include the CRC
checked bits and the frozen bits.

26. The non-transitory computer-readable storage
medium accorvding to claim 25, wherein a length of the polar

code is N, N=2"n, and n=0.

27. The non-transitory computer-readable storage
medium according to claim 24, wherein the polar code is
configured for decoding using CRC check of one or more of
L survival paths, wherein L is a positive integer.

28. The non-transitory computer-readable storage
medium according to claim 24, wherein the polar code is
configured for successive-cancellation-list (SC-List) decod-
ing using CRC check of one or more of L survival paths.

29. The non-transitory computer-readable storage
medium according to claim 24, whevein the polar code is
configured for successive-cancellation-list (SC-List) decod-
ing using a number L of survival paths adapted accovding to
a result of CRC check of the survival paths.

% o *H % x



UNITED STATES PATENT AND TRADEMARK OFFICE
CERTIFICATE OF CORRECTION

PATENT NO. : RE47,936 E Page 1 of 1
APPLICATION NO.  :15/802376

DATED . April 7, 2020
INVENTOR(S) . Li et al.

It is certified that error appears in the above-identified patent and that said Letters Patent is hereby corrected as shown below:

In the Drawings

Sheet 3 of 3, in “FIG. 47, above Tag “30” and for the reference numeral associated with the depicted
“Selector”, delete ““32” and insert -- 33 --, therefor.

Signed and Sealed this
Thirteenth 22

''''''

Katherme Kelly Vidal
Director of the United States Patent and Trademark Office



	Front Page
	Drawings
	Specification
	Claims
	Corrections/Annotated Pages

