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(57) Abrégée/Abstract:
The present invention discloses a polar code retransmission method and device, relating to the technical field of communications
networks and capable of improving HARQ performance. By means of partially encoding the information bits of a first polar code,
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(57) Abrege(suite)/Abstract(continued):
the embodiments of the present invention obtain a second polar code, the first polar code being a codeword transmitted for the first

time; modulo-2 adding the first polar code and the second polar code to arrive at a third polar code; sending the third polar code as
the retransmitted codeword. The solution provided by the embodiments of the present invention Is suitable for use when

retransmitting a polar code.
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ABSTRACT

The present invention relates to the field of communications network technologies, and
discloses a polar code retransmission method and apparatus, which can improve HARQ
performance. In embodiments of the present invention, some information bits of a first polar
code are encoded to obtain a second polar code, where the first polar code 1s a code word that
1s transmitted for the first time; modulo-2 addition 1s performed on the first polar code and
the second polar code to obtain a third polar code; and the third polar code is sent as a
to-be-retransmitted code word. The solutions provided in the embodiments ot the present

invention are applicable when a polar code is retransmitted.
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POLAR CODE RETRANSMISSION METHOD AND APPARATUS

TECHNICAL FIELD

[0001] The present invention relates to the field of communications technologies, and 1n

particular, to a polar code retransmission method and apparatus.

BACKGROUND

[0002] In a communications system, channel coding is generally used to improve
reliability of data transmission, so as to ensure communication quality. A polar code (Polar
code) is a linear block code, and it has been theoretically proved that the polar code 1s an

encoding manner that can achieve a Shannon capacity and has low coding-decoding

complexity. An encoding output of the polar code may be expressed as follows:

xlN — NG . Where
N _
“ —_{ul’uz""’uN } is a binary row vector, and a length is N; and ~ V is a
o
G, =B, F®" F= 1 1| B
N*N matrix, N ~ N , a code length N=2, and n>0, where e R LR

On . .
transposed matrix, and r is a Kronecker power (kronecker power) and 1s defined as

F@n:F 028 F®(n*——]).

10003] In an encoding process in which the polar code is used, some bits 1n MlN are used

to carry information, where these bits are referred to as information bits, and an index set of
these bits is assumed as A. The other bits have fixed values, are referred to as frozen bits, and

are generally set to 0. In this way, the encoding output of the polar code may be simplified as

X1N =u Gy (A)

, where u, is a set of information bits in ;" , u, 1s a row vector whose

|

length is K, and K is a quantity of the information bits. G, (A4) 1s a sub-matrix obtained by
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using rows corresponding to indexes in the set A, and Gy (4) is a K*N matrix. Selection of

the set A determines performance of the polar code.

[0004] In the prior art, a conventional chase combining Chase Combine hybrid automatic
repeat request (HARQ, Hybrid Automatic Repeat Request) technology 1s used to perform

encoding. In a case of a decoding failure, a receiving party stores received data and requires a

sending party to retransmit the data.

SUMMARY

[0005] Embodiments of the present invention provide a polar code retransmission method
and apparatus, which can improve HARQ performance.

[0006] According to a first aspect, an embodiment of the present invention provides a

polar code retransmission method, including:

encoding some information bits of a first polar code to obtain a second polar code,
where the first polar code is a code word that is transmitted for the first time;

performing modulo-2 addition on the first polar code and the second polar code to
obtain a third polar code; and

sending the third polar code as a to-be-retransmitted code word.
[0007] In a first possible embodiment, with reference to the first aspect, the encoding

some information bits of a first polar code to obtain a second polar code includes:

determining a first information bit set U;, where U 1s a subset of an information

bit set U, of the first polar code:

determining a first information bit index set A;, where A; is an information bit

index set of the second polar code:; and

encoding U, according to A; to obtain the second polar code, where both a code
word length of the second polar code and a code word length of the first polar code are N/2.
N=2"_ and n is an integer greater than 1.
[0008] In a second possible embodiment, with reference to the first aspect or the first

possible embodiment of the first aspect, before the determining a first information bit set Us,

the method further includes:

2
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determining a minimum code distance threshold d, , where d, 1is greater than a

minimum code distance d,. of an equivalent polar code whose code word length 1s N.

[0009] In a third possible embodiment, with reference to the first aspect or either of the
foregoing possible embodiments of the first aspect, the method further includes:

determining a generator matrix G of the equivalent polar code whose code word
length 1s N;
the determining a first information bit set U; includes:

determining a second information bit index set A, of the first polar code, where A;

is an information bit index set of the first polar code; and

determining a third information bit index set Az, and determining that bits

corresponding to m positions with row weights of G less than d, in Aj are U;, where

A3=A>+N/2, and m is an integer greater than or equal te 1; and
the determining a first information bit index set A; includes:

determining that sequence numbers of m rows with row weights ot G greater than

orequal to d, and with row sequence numbers less than N/2 form A;.

[0010] In a fourth possible embodiment, with reference to the third possible embodiment

of the first aspect, the determining that bits corresponding to m positions with row weights of

G lessthan d, in Az are Uj includes:

determining that bits corresponding to m positions with row weights ot G less

than d ,and minimum in Aj are U;.

[0011] In a fifth possible embodiment, with reference to the third possible embodiment of

the first aspect, the determining that sequence numbers of m rows with row weights of G

greater than or equal to o, and with row sequence numbers less than N/2 form A includes:

determining that sequence numbers of m rows with row weights of G greater than

orequalto d, and maximum, and with row sequence numbers less than N/2 form A;.

[0012] According to a second aspect, an embodiment of the present invention provides a

polar code retransmission apparatus, including:



10

15

20

CA 02972642 2017-06-29

an encoding module, configured to encode some information bits of a first polar
code to obtain a second polar code, and provide the second polar code for a modulo-2
addition module, where the first polar code is a code word that is transmitted for the first
time;

the modulo-2 addition module, configured to perform modulo-2 addition on the
first polar code and the second polar code to obtain a third polar code, and provide the third

polar code for a sending module; and

the sending module, configured to send the third polar code as a
to-be-retransmitted code word.
(0013] In a first possible embodiment, with reference to the second aspect, the encoding

module includes:

a determining unit, configured to determine a first information bit set U;, and
provide U; for an encoding unit, where U 1s a subset of an information bit set U, of the first
polar code, and

the determining unit is further configured to determine a first information bit
index set Ay, and provide A for the encoding unit, where A is an information bit index set of
the second polar code; and

the encoding unit, configured to encode U; according to A; to obtain the second
polar code, where both a code word length of the second polar code and a code word length

of the first polar code are N/2, N=2", and n is an mteger greater than 1.

[0014] In a second possible embodiment, with reference to the second aspect or the first

possible embodiment of the second aspect,

the determining unit is further configured to determine a minimum code distance

threshold dlh, where d 5 is greater than a minimum code distance d.. of an equivalent

polar code whose code word length 1s N.
[0015] In a third possible embodiment, with reference to the second aspect or the second
possible embodiment of the second aspect, the apparatus further includes:

the determining unit is further configured to determine a generator matrix G of the

equivalent polar code whose code word length is N; determine a second information bit index
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set A of the first polar code, where A 1s an information bit index set of the first polar code;

determine a third information bit index set Aj, and determine that bits corresponding to m

positions with row weights of G less than d 5 1n Az are Uj, where A3=A->+N/2, and m 1s an

integer greater than or equal to 1; and determine that sequence numbers of m rows with row

weights of G greater than or equal to d, and with row sequence numbers less than N/2

form A].
[0016] In a fourth possible embodiment, with reference to the third possible embodiment

of the second aspect, the determining unit 1s further configured to determine that bits

corresponding to m positions with row weights of G less than ¢, and minimum in A; are

Uj.
[0017] In a fifth possible embodiment, with reference to the third possible embodiment of

the second aspect,

the determining unit is further configured to determine that sequence numbers of

m rows with row weights of G greater than or equal to d, and maximum, and with row

sequence numbers less than N/2 form A;.
10018] According to a third aspect, an embodiment of the present invention provides a
wireless communications apparatus, including:

a memory, configured to store an instruction for performing the following

operations:

encoding some information bits of a first polar code to obtain a second polar code,
where the first polar code 1s a code word that 1s transmitted for the first time; and performing

modulo-2 addition on the first polar code and the second polar code to obtain a third polar
code;

a processor, coupled with the memory and a transmitter, and specifically
configured to execute the instruction stored in the memory; and

the transmitter, configured to send the third polar code as a to-be-retransmitted
code word, where the third polar code is provided by the processor.

[0019]  In a first possible embodiment, with reference to the third aspect, the memory is
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further configured to store an instruction for performing the following operations:
determining a first information bit set U;, where U, 1s a subset of an information
bit set U, of the first polar code; determining a first information bit index set A, where Aj 1s
an information bit index set of the second polar code; and encoding U; according to A; to
obtain the second polar code, where both a code word length of the second polar code and a
code word length of the first polar code are N/2, N=2", and n is an integer greater than 1.
[0020] In a second possible embodiment, with reference to the third aspect or the first

possible embodiment of the third aspect, the memory 1s further contigured to store an

instruction for performing the following operation:

determining a minimum code distance threshold d, , where d, is greater than a

minimum code distance d_.. of an equivalent polar code whose code word length 1s N.
[0021] In a third possible embodiment, with reference to the third aspect or either of the
foregoing possible embodiments of the third aspect, the memory i1s further contigured to store

an instruction for performing the following operations:

determining a generator matrix G of the equivalent polar code whose code word
length is N; determining a second information bit index set A, of the first polar code, where
A, 1s an information bit index set of the first polar code; determining a third information bit

index set As, and determining that bits corresponding to m positions with row weights of G

less than d 5, 1M Ajare Uj, where A3=A,+N/2, and m 1s an integer greater than or equal to 1;

and determining that sequence numbers of m rows with row weights of G greater than or

equal to d, and with row sequence numbers less than N/2 form A;.

[0022] In a fourth possible embodiment, with reference to the third possible embodiment

of the third aspect, the memory 1s further configured to store an instruction for performing the
following operation:

determining that bits corresponding to m positions with row weights of G less

than ¢, and minimum in A3 are Uj.

10023} In a fifth possible embodiment, with reference to the third possible embodiment of

the third aspect, the memory 1s further configured to store an instruction for performing the
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following operation:

determining that sequence numbers of m rows with row weights of G greater than

or equal to d, and maximum, and with row sequence numbers less than N/2 form A;.

[0024] According to the polar code retransmission method and apparatus provided 1n the
embodiments of the present invention, some information bits of a first polar code are encoded
to obtain a second polar code, where the first polar code 1s a code word that 1s transmaitted for
the first time; modulo-2 addition i1s performed on the first polar code and the second polar
code to obtain a third polar code; and the third polar code 1s sent as a to-be-retransmitted code
word. Compared with a problem in the prior art that because a polar code that is transmitted
for the second time 1s still a polar code that is transmitted for the first time, relatively low Q
retransmission performance i1s caused, in the embodiments of the present invention, a first
information bit set and a first information bit index set are determined by using a polar code
that 1s transmitted for the first time, to obtain a second polar code, and modulo-2 addition 1s
performed on the polar code that 1s transmitted for the first time and the second polar code to

obtain a third polar code that is different from the polar code that is transmitted for the first

time, so that retransmission performance can be improved.

BRIEF DESCRIPTION OF DRAWINGS

[0025] To describe the technical solutions in the embodiments of the present invention or
in the prior art more clearly, the following briefly describes the accompanying drawings
required for describing the embodiments or the prior art. Apparently, the accompanying

drawings in the following description show merely some embodiments of the present
invention, and a person of ordinary skill in the art may still derive other drawings from these
accompanying drawings without creative efforts.

[0026]) FIG. 1 1s a schematic diagram of a system for executing, in a wireless
communications environment, a polar code processing method in an implementation manner
of the present invention;

[0027] FIG. 2 1s a flowchart of a polar code retransmission method according to an

embodiment of the present invention;
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[0028] FI1G. 3 1s a schematic diagram of a recursive structure of a polar code according to
an embodiment of the present invention;

[0029] FIG. 4 1s a schematic diagram showing an effect of a polar code retransmission
method according to an embodiment of the present invention;

[0030] FIG. 5 1s a schematic diagram of a logical structure of a polar code retransmission
apparatus according to an embodiment of the present invention;

[0031] FIG. 6 1s a schematic diagram of another logical structure of a polar code
retransmission apparatus according to an embodiment of the present invention;

[0032] FIG. 7 1s a schematic diagram of a logical structure of a wireless communications
apparatus corresponding to a polar code retransmission method according to an embodiment
of the present invention; and

[0033] FIG. 8 1s a schematic diagram of an exemplary system in which a polar code

retransmission method can be used 1n a wireless communications environment.

DESCRIPTION OF EMBODIMENTS

[0034] Multiple embodiments are now described with reference to the accompanying
drawings, and same components in this specification are indicated by a same reference
numeral. In the following description, for ease of explanation, many specific details are
provided to facilitate a comprehensive understanding of one or 'more embodiments. However,

apparently, the embodiments may also not be implemented by using these specific details. In

other examples, a well-known structure and device are shown in a form of block diagrams, to

conveniently describe one or more embodiments.

t

[0035] Terminologies such as "component”, "module", and "system" used in this

specification are used to indicate computer-related entities, hardware, firmware, combinations
of hardware and software, software, or software being executed. For example, a component
may be, but 1s not limited to, a process that runs on a processor, a processor, an object, an
executable file, a thread of execution, a program, and/or a computer. As shown in figures,
both a computing device and an application that runs on the computing device may be

components. One or more components may reside within a process and/or a thread of
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execution, and a component may be located on one computer and/or distributed between two
or more computers. In addition, these components may be executed from various
computer-readable media that store various data structures. For example, the components
may communicate by using a local and/or remote process and according to, for example, a
signal having one or more data packets (for example, data from two components interacting
with another component in a local system, a distributed system, and/or across a network such
as the Internet interacting with other systems by using the signal).

[0036] In addition, the embodiments are described with reference to an access terminal.
The access terminal may also be referred to as a system, a subscriber unit, a subscriber station,
a mobile site, a mobile station, a remote station, a remote terminal, a mobile device, a user
terminal, a terminal, a wireless communications device, a user agent, a user apparatus, or a
UE (User Equipment, user equipment). The access terminal may be a cellular phone, a
cordless phone, a SIP (Session Initiation Protocol, Session Initiation Protocol) phone, a WLL
(Wireless Local Loop, wireless local loop) station, a PDA (Personal Digital Assistant,
personal digital assistant), a handheld device having a wireless communication function, a
computing device, or another processing device connected to a wireless modem. In addition,
the embodiments are described with reference to a base station. The base station can be used
to communicate with a mobile device; and the base station may be a BTS (Base Transceiver
Station, base transceiver station) in GSM (Global System of Mobile communication, Global
System for Mobile Communications) or CDMA (Code Division Multiple Access, Code
Division Multiple Access), or may be an NB (NodeB, NodeB) in WCDMA (Wideband Code
Division Multiple Access, Wideband Code Division Multiple Access), or may further be an
eNB or eNodeB (Evolutional Node B, evolved NodeB) in LTE (Long Term Evolution, Long

Term Evolution), a relay station or an access point, a base station device in a future 5G
network, or the like.

[0037] In addition, aspects or features of the present invention may be implemented as a
method, an apparatus or a product that uses standard programming and/or engineering
technologies. The term "product” used 1n this application covers a computer program that can
be accessed from any computer-readable component, carrier or medium. For example, the

computer-readable medium may include but 1s not limited to: a magnetic storage component
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(for example, a hard disk, a floppy disk or a magnetic tape), an optical disc (for example, a
CD (Compact Disk, compact disk), and a DVD (Digital Versatile Disk. digital versatile disk)),
a smart card and a flash memory component (for example, EPROM (Erasable Programmable
Read-Only Memory, erasable programmable read-only memory), a card, a stick, or a key
drive). In addition, various storage media described in this specification may indicate one or
more devices and/or other machine-readable media that 1s used to store information. The term
"machine-readable media" may include but is not limited to a radio channel, and various
other media that can store, contain and/or carry an instruction and/or data.

[0038] As shown in FIG. 1, the present invention 1s applicable to a polar code
retransmission system 10. The system 10 includes a polar code encoder 101 and a transmitter
102. .

[0039] The polar code encoder 101 1s configured to determine a first information bit set
U,. where Uj is a subset of an information bit set U, of a first polar code, and the first polar
code is a code word that is transmitted for the first time; determine a first information bit
index set A;, where A, 1s an information bit index set of a second polar code; encode U,
according to A; to obtain the second polar code, where both a code word length of the second
polar code and a code word length of the first polar code are N/2, N=2", and n is an integer
oreater than 1; and perform modulo-2 addition on the first polar code and the second polar
code to obtain a third polar code as a to-be-retransmitted code word.

[0040] The first polar code may be specifically a first Polar code.

[0041] In addition, the transmitter 103 may subsequently transmit, on a channel, the third
polar code obtained by means of processing by the polar code encoder 101. For example, the
transmitter 103 may send related data to another different wireless communications apparatus
(which 1s not shown).

10042] Optionally, the wireless communications apparatus 100 further includes a receiver
103.

[0043] The receiver 103 1s configured to obtain the first polar code, and then provide the
first polar code for the polar code encoder 101.

[0044] FIG. 2 1s a flowchart of a polar code retransmission method according to an

embodiment of the present invention. The method in FIG. 2 may be executed by a polar code
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encoder 1n a polar code processing device and by a transmitter device.

[0045] 201. Encode some information bits of a first polar code to obtain a second polar

code, where the first polar code is a code word that is transmitted for the first time.

10046] 202. Perform modulo-2 addition on the first polar code and the second polar code

to obtain a third polar code.

[0047] 203. Send the third polar code as a to-be-retransmitted code word.

[0048] According to the foregoing solution, a first information bit set and a first

information bit index set are determined by using a polar code that 1s transmitted for the first

time, to obtain a second polar code, and modulo-2 addition 1s performed on the polar code

that 1s transmitted for the first time and the second polar code to obtain a third polar code that

is different from the polar code that is transmitted for the first time, so that HARQ

performance can be improved, thereby ensuring reliability of data transmission.

[0049] Further, optionally, in step 201, that the polar code encoder encodes some

information bits of the first polar code to obtain the second polar code specifically includes:
determining, by the polar code encoder, a first information bit set U;, where U, 1s

a subset of an information bit set U, of the first polar code; determining a first information bit

index set A;, where A; 1s an information bit index set of the second polar code; and encoding

U, according to A; to obtain the second polar code, where both a code word length of the

second polar code and a code word length of the first polar code are N/2, N=2", and n is an

integer greater than 1.

[0050] Optionally, before step 201, the method further includes: determining a minimum

d

code distance threshold ~# . and determining a generator matrix G of an equivalent polar

code whose code word length 1s N.

d

[0051] th 15 greater than a minimum code distance dcc of the equivalent polar code
whose code word length 1s N. Specifically, a polar code whose code word length 1s N/2 may

be the first polar code or a default polar code.

[0052] A length of the first polar code 1s N/2 and a code rate of the first polar code 1s R,
where R>0, N=2n, n 1s an integer, and n>0. A polar code has a recursive structure. An

equivalent polar code may be considered as two polar codes whose code lengths are N/2,

11
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which may be exemplarily shown in FIG. 3.

[0053] Optionally, in a possible implementation manner, the determining a first

information bit set U1 specifically includes:

first, determining a second information bit index set A, of the first polar code,

where A is an information bit index set of the first polar code; and

second, determining a third information bit index set A3, and determining that bits

corresponding to m positions with row weights of G less than 4, in Az are U, where

A3=A»+N/2, and m 1s an integer greater than or equal to 1.
[0054] It can be understood that G herein 1s a generator matrix of equivalent polar codes

with a same code word length of N.

[0055] By using this embodiment of the present invention, a code distance ot a polar code
transmitted for the second time can be improved (that is, the code distance increases), thereby

improving retransmission performance.

[0056] The following describes this embodiment of the present invention with reference

to FIG. 4.

[0057] For the first polar code, a code rate 1s 12/16=3/4, a code length ]VI 1s 16, and an

K.

information bit length ~ 1 is 12. For the third polar code, a code rate is 12/32=3/8, a code

length N 0 1s 16, and an information bit length K2 1s 12. The first information bit set U,

is {12}. The first information bit index set A 1s {16}. An obtained minimum code distance of

a conventionally retransmitted polar code is 4. However, an obtained minimum code distance

of a retransmitted polar code (the third polar code) in the present invention 1s 8. As shown 1n

FIG. 4, with this configuration and under a condition that a frame error rate (Frame Lirror

Rate, FER) is 107, performance in this embodiment used in the present invention is

improved by 1.2 dB compared with that in a conventional solution.
[0058] As shown 1n FIG. 5, the present invention provides a polar code retransmission
apparatus 50. The apparatus 50 includes an encoding module 501, a modulo-2 addition

module 502, and a sending module 503.

[0039] The encoding module 501 is configured to encode some information bits of a first

12



10

15

20

25

CA 02972642 2017-06-29

polar code to obtain a second polar code, and provide the second polar code for the modulo-2

addition module 502, where the first polar code is a code word that 1s transmitted for the first

time.

[0060] The modulo-2 addition module 502 is configured to perform modulo-2 addition on
the first polar code and the second polar code to obtain a third polar code, and provide the
third polar code for the sending module 503.

[0061] The sending module 503 is configured to send the third polar code as a
to-be-retransmitted code word.

[0062] Optionally, in an embodiment, the present invention further provides a polar code
retransmission apparatus 60. As shown in FIG. 6, an encoding module 501 in the apparatus
60 includes a determining unit 50111 and an encoding unit 5012.

[0063] Specifically, the determining unit 5011 is configured to determine a first
information bit set U}, and provide U, for the encoding unit 5012, where U 1s a subset of an
information bit set U, of a first polar code, and the first polar code is a code word that 1s
transmitted for the first time.

[0064] The determining unit 5011 1s further configured to determine a first information
bit index set A, and provide A, for the encoding module, where A; 1s an information bit
index set of a second polar code.

[00635] The encoding unit 5012 is configured to encode U; according to A; to obtain the

second polar code, where both a code word length of the second polar code and a code word

length of the first polar code are N/2, N=2" and n is an integer greater than 1.
[0066] The apparatus 50 can implement related steps and operations in the embodiments
in FIG. 1 to FIG. 3. Therefore, to avoid repetition, no further details are provided.

[0067] Optionally, in an embodiment, the determining unit 5011 1s further contigured to

determine a minimum code distance threshold o, , where d, is greater than a minimum

code distance d.. of an equivalent polar code whose code word length 1s N.

[0068] Optionally, in another embodiment, the determining umit 5011 1s turther
configured to determine a generator matrix G of the equivalent polar code whose code word

length 1s N; determine a second information bit index set A; of the first polar code, where A
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1S an mformation bit index set of the first polar code; determine a third information bit index

set Asz, and determine that bits corresponding to m positions with row weights of G less than

d, in Az are U;, where A3=A,+N/2, and m is an integer greater than or equal to 1; and

determine that sequence numbers of m rows with row weights of G greater than or equal to

d

, and with row sequence numbers less than N/2 form A,.

[0069] Optionally, the determining unit 5011 1s further configured to determine that

sequence numbers of m rows with row weights of G greater than or equal to d, and

maximum, and with row sequence numbers less than N/2 form A;.

[0070] Optionally, the determining unit 5011 1s further configured to determine that bits

corresponding to m positions with row weights of G less than d, and minimum in Aj are

U;.

[0071] By using this solution, a code distance of a polar code transmitted for the second
time can be improved (that 1s, the code distance increases), thereby improving HARQ
performance.

[0072] FIG. 7 1s a schematic diagram of a system 70 that helps execute the foregoing
polar code retransmission method in a wireless communications system. The system 70
includes a base station 701 (for example, an access point, an NB, or an eNB). The base
station 701 has a receiver 7011 that receives a signal from one or more access terminals 702

by using multiple receive antennas 702, and a transmitter 7012 that transmits a signal to the
one or more access terminals 703 by using a transmit antenna 704. Generally, a "receive

antenna" and a "transmit antenna" may be integrated to constitute a transceiving antenna. The
receiver 7011 can receive information from the receive antenna 702, and may be

operationally associated to a demodulator 7013 that demodulates the received information. A
demodulated symbol i1s analyzed by using a processor 7014. The processor 7014 1s connected
to a memory 7015. The memory 7015 1s configured to store data to be sent to the access
terminal 703 (or a different base station (which i1s not shown)) or data received from the
access terminal 703 (or a different base station (which 1s not shown)), and/or any other proper

information related to execution of actions and functions described 1n this specification.
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[0073] The receiver 7011 1s configured to receive a signal from, for example, a receive
antenna (which i1s not shown), perform a typical action (for example, filtering, amplification.
or down-conversion) on the received signal, and digitize an adjusted signal to obtain a sample.
The receiver 7011 may be, for example, a minimum mean square error (Minimum
Mean-Squared Error, MMSE) receiver. The demodulator 7013 may be configured to
demodulate received symbols and provide the received symbols for the processor 703 for
channel estimation. The processor 7014 may be a processor that 1s dedicatedly configured to
analyze information received by the receiver 7011 and/or generate information to be sent by
the transmitter 7012, a processor that is configured to control one or more components of the
base station, and/or a controller that 1s configured to analyze information received by the
receiver 7011, generate information to be sent by the transmitter 7011, and control one or
more components of the base station.

[0074] The memory 7015 1s operationally coupled to the processor 7014, and stores the
following data: data to be sent, recetved data, and any other proper information related to
execution of actions and functions described in this specification. The memory 7015 may
additionally store a protocol and/or an algorithm related to polar code processing.

[00735] [t can be understood that a data storage apparatus (for example, the memory 7015)
described 1n this specification may be a volatile memory or a nonvolatile memory, or may
include both a volatile memory and a nonvolatile memory. It 1s exemplary rather than
limitative that the nonvolatile memory may include: a ROM (Read-Only Memory, read-only
memory), a PROM (Programmable ROM, programmable read-only memory), an EPROM
(Erasable PROM, erasable programmable read-only memory), an EEPROM (Electrically

EPROM, electrically erasable programmable read-only memory), or a flash memory. The

volatile memory may include a RAM (Random Access Memory, random access memory),

and 1s used as an external cache. It 1s exemplarily rather than limitatively noted that RAMSs 1n
many forms can be used, for example, an SRAM (Static RAM, static random access memory),
a DRAM (Dynamic RAM, dynamic random access memory), an SDRAM (Synchronous
DRAM, synchronous dynamic random access memory), a DDR SDRAM (Double Data Rate
SDRAM, double data rate synchronous dynamic random access memory), an ESDRAM

(Enhanced SDRAM, enhanced synchronous dynamic random access memory), an SLDRAM
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(Synchlink DRAM, synchlink dynamic random access memory), and a DR RAM (Direct
Rambus RAM, Direct Rambus random access memory). The memory 7015 1n the system and

method described in this specification is intended to include, but is not limited to, these
memories and any other memory of a proper type.
[0076] In an actual application, the memory 7015 is configured to store an instruction for
performing the following operations:

encoding some information bits of a first polar code to obtain a second polar code,
where the first polar code is a code word that is transmitted for the first time; and performing
modulo-2 addition on the first polar code and the second polar code to obtain a third polar
code.
[0077] The processor 7014 is specifically configured to execute the instruction stored in

the memory.

[0078] The transmitter 7012 is configured to send the third polar code provided by the

processor 7014.

[0079] Optionally, the memory 7015 1s further configured to store an instruction for
performing the following operations: determining a first information bit set U;, where U, 1s a
subset of an information bit set U, of the first polar code; determining a first information bit
index set A, where A is an information bit index set of the second polar code; and encoding
U, according to A; to obtain the second polar code, where both a code word length of the
second polar code and a code word length of the first polar code are N/2, N=2", and n is an

integer greater than or equal to 1.

10080] Optionally, the memory 7015 is further configured to store an instruction for

performing the following operation:

determining a minimum code distance threshold d, , where d, 1is greater than a

minimum code distance d,. of an equivalent polar code whose code word length 1s N.
[0081] Optionally, the memory 7015 is further configured to store an instruction for
performing the following operations:

determining a generator matrix G of the equivalent polar code whose code word

length 1s N; determining a second information bit index set A; of the first polar code, where
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A, is an information bit index set of the first polar code; determining a third information bit

index set As, and determining that bits corresponding to m positions with row weights of G

less than d 7 in Az are U;, where A;=A,+N/2, and m 1s an integer greater than or equal to 1;

and determining that sequence numbers of m rows with row weights of G greater than or

equal to d, and with row sequence numbers less than N/2 form A;.

[0082] Optionally, the memory 7015 is further configured to store an instruction for

performing the following operation:

determining that bits corresponding to m positions with row weights of G less

than ¢, and minimum in Aj are U;.

[0083] Optionally, the memory 7015 is further configured to store an instruction for

performing the following operation:

determining that sequence numbers of m rows with row weights of G greater than

orequal to d, and maximum, and with row sequence numbers less than N/2 form A;.

[0084] By using this solution, a code distance of a polar code transmitted for the second
time can be improved (that is, the code distance increases), thereby improving HARQ
performance.

[0085] Referring to FI1G. 8, FIG. 8 shows a system 80 in which the foregoing method
used for rate matching of a polar code can be used in a wireless communications environment.

For example, the system 80 may at least partially reside in a base station. According to
another example, the system 80 may at least partially reside in an access terminal. It should

be understood that the system 80 may be represented as including a functional block, which
may represent a function implemented by a processor, software, or a combination thereof (for

example, firmware). The system 80 includes a logic group 801 having electronic components
that jointly perform an operation. For example, the logic group 801 may include an electronic
component 802 that is configured to obtain a congruential sequence according to a code
length of a target polar code, an electronic component 803 that 1s contfigured to perform
sorting processing on the congruential sequence according to a preset rule to obtamn a

reference sequence, an electronic component 804 that 1s configured to determine a mapping
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function according to the congruential sequence and the reference sequence, and an electronic
component 805 that is configured to interleave the target polar code according to the mapping
function to generate interleaved output bits.

[0086] According to the foregoing solution, a first information bit set U; and a first
information bit index set A; that are used to obtain a second polar code are determined
according to a first polar code (a polar code that is transmitted for the first time); U; 1s
encoded according to A; to obtain the second polar code; and then modulo-2 addition 1s
performed on the second polar code and the first polar code to obtain a polar code that 1s
transmitted for the second time. According to the foregoing solution, HARQ retransmission
performance can be improved, thereby improving communication reliability. Moreover, the
foregoing solution is applicable to a retransmission process of polar codes with various code
lengths, and commonality and practicality are desirable.

[0087] In addition, the system 80 may include a memory 806. The memory 806 stores
instructions used for performing functions related to the electronic components 802, 803, 804,
and 805. Although it is shown that the electronic components 802, 803, 804, and 805 are
outside the memory 806, it may be understood that one or more of the electronic components
802, 803, 804, or 805 may exist inside the memory 806.

[0088] Examples of one or more embodiments are described above. Certainly, 1t 1s
impossible to describe all possible combinations of components or methods to describe the

embodiments, but a person of ordinary skill in the art should know that the embodiments may

be further combined and modified. Therefore, the embodiments described in this application
are intended to include all changes, modifications, and variations falling within the spirit and
the protection scope of the appended claims. In addition, for the term "include" used 1n the
specification or the claims, meaning included in the term is similar to that included in the
term "comprise"”, and is like that of the term "comprise" explained as a connecting term 1n the
claims.

[0089] [t may be clearly understood by a person skilled in the art that, for the purpose of
convenient and brief description, division of the foregoing functional modules 1s used as an
example for illustration. In an actual application, the foregoing functions can be allocated to

different functional modules and implemented according to a requirement, that 1s, an 1nner
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structure of an apparatus is divided into different functional modules to implement all or
some of the functions described above. For a detailed working process of the foregoing
system, apparatus, and unit, reference may be made to a corresponding process in the
foregoing method embodiments, and no further details are provided herein.

[0090] In the several embodiments provided in this application, 1t should be understood
that the disclosed system, apparatus, and method may be implemented 1n other manners. For
example, the described apparatus embodiment is merely exemplary. For example, the module
or unit division is merely logical function division and may be other division in actual
implementation. For example, multiple units or components may be combined or integrated
into another system, or some features may be ignored or not performed. In addition, the
displayed or discussed mutual couplings or direct couplings or communication connections
may be implemented by using some interfaces. The indirect couplings or communication

connections between the apparatuses or units may be implemented 1n electronic, mechanical,

or other forms.

[0091] 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 units. Some or all of the units may be selected
according to actual needs to achieve the objectives of the solutions of the embodiments.
[0092] In addition, functional 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. The integrated unit may be implemented in a form of
hardware, or may be implemented 1n a form of a software functional unit.

[0093] When the integrated unit 1s implemented in the form of a software functional unit
and sold or used as an independent product, the integrated unit may be stored 1n a
computer-readable storage medium. Based on such an understanding, the technical solutions
of the present invention essentially, or the part contributing to the prior art, or all or a part of
the technical solutions may be implemented in the form of a software product. The computer
software product 1s stored in a storage medium and includes several instructions for

instructing a computer device (which may be a personal computer, a server, a network device,

or the like) or a processor (processor) to perform all or a part of the steps of the methods
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described in the embodiments of the present invention. The foregoing storage medium
includes: any medium that can store program code, such as a USB flash drive, 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 disc.

[0094] The foregoing descriptions are merely specific implementation manners of the
present invention, but are not intended to limit the protection scope of the present invention.
Any variation or replacement readily figured out by a person skilled 1n the art within the
technical scope disclosed in the present invention shall fall within the protection scope of the

present invention. Therefore, the protection scope of the present invention shall be subject to

the protection scope of the claims.
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CLAIMS

What 1s claimed 1s:

1. A polar code retransmission method, comprising:

encoding some information bits of a first polar code to obtain a second polar code,
wherein the first polar code is a code word that is transmitted for the first time;

performing modulo-2 addition on the first polar code and the second polar code to obtain
a third polar code; and

sending the third polar code as a to-be-retransmitted code word.

2. The retransmission method according to claim 1, wherein the encoding some
information bits of a first polar code to obtain a second polar code comprises:

determining a first information bit set U, wherein U; is a subset of an information bit
set U, of the first polar code;

determining a first information bit index set A;, wherein A, is an information bit index
set of the second polar code; and

encoding U; according to A; to obtain the second polar code, wherein both a code word
length of the second polar code and a code word length of the first polar code are N/2, N=2",
and n 1s an integer greater than 1.

3. The polar code retransmission method according to claim 1 or 2, wherein before the

determining a first information bit set U, the method further comprises:

determining a minimum code distance threshold d,, wherein d, is greater than a

minimum code distance d,. of an equivalent polar code whose code word length 1s N.

4. The polar code retransmission method according to any one of claims 1 to 3, wheremn

the method further comprises:

determining a generator matrix G of the equivalent polar code whose code word length
1S N;

the determining a first information bit set U; comprises:

determining a second information bit index set A, of the first polar code, wherein A; 1s

an information bit index set of the first polar code; and
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4

determining a third information bit index set A3, and determining that bits corresponding

to m positions with row weights of G less than 5 in Aj are Uy, wherein As=A>+N/2, and m

is an integer greater than or equal to 1; and
the determining a first information bit index set A; comprises:

determining that sequence numbers of m rows with row weights of G greater than or

equal to d, and with row sequence numbers less than N/2 form A;.

5. The polar code retransmission method according to claim 4, wherein the determining

that bits corresponding to m positions with row weights of G less than d, 1n Ajs are U,

COMPIISES:

determining that bits corresponding to m positions with row weights of G less than d,

and minimum 1n Az are Uj.

6. The polar code retransmission method according to claim 4, wherein the determining

that sequence numbers of m rows with row weights of G greater than or equal to d,, and

with row sequence numbers less than N/2 form A; comprises:

determining that sequence numbers of m rows with row weights of G greater than or

d

equal to ~ * and maximum, and with row sequence numbers less than N/2 form A;.

7. A polar code retransmission apparatus, comprising:

an encoding module, configured to encode some information bits of a first polar code to
obtain a second polar code, and provide the second polar code for a modulo-2 addition
module, wherein the first polar code is a code word that 1s transmitted for the first time;

the modulo-2 addition module, configured to perform modulo-2 addition on the first
polar code and the second polar code to obtain a third polar code, and provide the third polar
code for a sending module; and

the sending module, configured to send the third polar code as a to-be-retransmitted

code word.

8. The polar code retransmission apparatus according to claim 7, wherein the encoding

module comprises:

a determining unit, configured to determine a first information bit set Uy, and provide U,
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for an encoding unit, wherein U; is a subset of an information bit set U, of the first polar code,

and

the determining unit is further configured to determine a first information bit index set

A, and provide A for the encoding unit, wherein A; is an information bit index set of the

second polar code; and

the encoding unit, configured to encode U; according to A; to obtain the second polar
code, wherein both a code word length of the second polar code and a code word length of
the first polar code are N/2, N=2", and n is an integer greater than 1.

9. The polar code retransmission apparatus according to claim 7 or 8, wherein:

the determining unit is further configured to determine a minimum code distance

d d

threshold ~#_ wherein ~ # is greater than a minimum code distance d.. of an equivalent

polar code whose code word length 1s N.

10. The polar code retransmission apparatus according to claim 8 or 9, wherein:

the determining unit is further configured to determine a generator matrix G of the
equivalent polar code whose code word length is N; determine a second information bit imdex
set A, of the first polar code, wherein A, is an information bit index set of the first polar code;

determine a third information bit index set Aj, and determine that bits corresponding to m

positions with row weights of G less than d o 10 Az are Uy, wherein A;=A,+N/2, and m 1s an

integer greater than or equal to 1; and determine that sequence numbers of m rows with row

weights of G greater than or equal to ¢, and with row sequence numbers less than N/2

form A;.
11. The polar code retransmission apparatus according to claim 9, wherein:

the determining unit is further configured to determine that bits corresponding to m

positions with row weights of G less than ¢, and minimum in Aj; are U;.

12. The polar code retransmission apparatus according to claim 9, wherein:

the determining unit is further configured to determine that sequence numbers of m rows

with row weights of G greater than or equal to ¢, and maximum, and with row sequence

numbers less than N/2 form A;.
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13. A wireless communications apparatus, COmprising:
a memory, configured to store an instruction for performing the following operations:
encoding some information bits of a first polar code to obtain a second polar code,

wherein the first polar code is a code word that is transmitted for the first time; and
performing modulo-2 addition on the first polar code and the second polar code to obtain a

third polar code;

a processor, coupled with the memory and a transmitter, and specifically configured to

execute the instruction stored in the memory; and

the transmitter, configured to send the third polar code as a to-be-retransmitted code

word, wherein the third polar code 1s provided by the processor.

14. The wireless communications apparatus according to claim 13, wherein the memory
is further configured to store an instruction for performing the following operations:

determining a first information bit set Uj, wherein U; 1s a subset of an information bit
set U, of the first polar code; determining a first information bit index set A, wherein A; 1s
an information bit index set of the second polar code; and encoding U, according to A to
obtain the second polar code, wherein both a code word length of the second polar code and a
code word length of the first polar code are N/2, N=2", and n is an integer greater than 1.

15. The wireless communications apparatus according to claim 13 or 14, wherein the

memory 1s further configured to store an instruction for performing the tollowing operation:

determining a minimum code distance threshold d, , wherein d, 1is greater than a

minimum code distance d,. of an equivalent polar code whose code word length 1s N.
16. The wireless communications apparatus according to any one of claims 13 to 15,

wherein the memory 1s further configured to store an instruction for performing the following
operations:

determining a generator matrix G of the equivalent polar code whose code word length
1s N; determining a second information bit index set A, of the first polar code, wherein A, 1s
an information bit index set of the first polar code; determining a third information b1t index

set A3, and determining that bits corresponding to m positions with row weights of G less

than d, in Aj are U, wherein A;=A,+N/2, and m 1s an integer greater than or equal to 1;
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and determining that sequence numbers of m rows with row weights of G greater than or

equal to d, and with row sequence numbers less than N/2 form A;.

17. The wireless communications apparatus according to claim 16, wherein the memory

is further configured to store an instruction for performing the following operation:

determining that bits corresponding to m positions with row weights of G less than d,

and minimum 1n Az are Uj.

18. The wireless communications apparatus according to claim 16, wherein the memory

1s further configured to store an instruction for performing the following operation:

determining that sequence numbers of m rows with row weights ot G greater than or

equal to d, and maximum, and with row sequence numbers less than N/2 form A;.



CA 02972642 2017-06-29

&%

1/5

Polar code retransmission system

h————————————————————-h———————j-h‘——-h—LL*-A.--I.—'-‘--"."‘-FF—F——————I

Vil /0

Polar code encoder

102
Transmitter /-

FIG. 1

, 201
Encode some information bits of a first polar code to obtain a /-
second polar code, where the first polar code 1s a code word that
1s transmitted for the first time

l

202
Perform modulo-2 addition on the first polar code and the second f
polar code to obtain a third polar code

\ 4 f 203

Send the third polar code as a to-be-retransmitted code word

FIG. 2

27



CA 02972642 2017-06-29
&

2/5

X (1)
u(l) — X__(z)
1(2) X (3)
X (4)
First polar code with T
a code length of N/2
u(N/2) X(N /2-1)
X(N

Third

I polar code

u(N/2+1)

u(N/2+2)

Second polar code

with a code length of
N/2

FI1G. 3

28



10°

10

(2

10

¥ F ¥ FUA

LI S B N

¥

[ BER D |
I I O R
BRI EEE
SN ]
 EEEERER

4
}
$
t
¥

]

%
i
]
]

f ¥ A3
EIE N I X
$F 4 k1 ¥3
$ 4 K303

t s V¥

CA 02972642 2017-06-29

i3 F1rst polar cod

#

$
3

-

‘.

: |

¥
¥
% .
W W A s
wm-!mm
L A
W.
-
N . B
3
$
4
3
3
oW- oL WO
PURE Dr
-y A A s
a---."-anu.
m:m*«:-:
i
3
e e §oae e
¢
¥
¥
¥
e g e
M s
-“-‘"
§
A A
3
o pee W
§
L N S
3
3
i
i

- W AR ™

RN
AR A N

¢
¥

¥
s

i
gt

¥ ¥ ¥4 ERN
yoR R0 FEA
F 2 & 0 2R 9

1.-_.

¥ f F 3

S N I O 3% B

t

s LAII W W w

¢
¥
¢

¥ 3 #0117

1 L 2138
1+ 1 ki

wiw*.«f i X -

)

s

¥
¢

L VR {

,i.

-

AR

. 5

Y w b B

£ ¥ b4k

¥

: 4+ EFNE L %

3

r A4

t Lt 1%)2
F t1tns
t £ NENE

3
$
f

. —#— Third polar code

p 1 »

3/5

m-u.mcr-&v&ﬁw-nn,rmmwwnm-in-n.-u
¥ E ¥
¥ ¥ 4
3 % g |
W a2 e W M M O R WS W W o Wk W S WY W R W W E W
W e mv. wr W @R W M AN W aw. e iy WA MR CEN WS W M W Jpa e Wn e
S A W W A WA G K G A AD M A A SR M AL W AN Sk e
4h U o - R o o e o w4 'L-p W S e M A u‘n M We e
- Ak A, W ek M Gk b M M T M o e Gk A e e TR M e M
o
27
%#*““&&-'*ﬁﬁ‘.... ok B e m o A we sh a B e
L I ¥
m«wmma’--m“-m;w‘“w- m*mm-r‘mc--

3

t a4
4 ff 1
W

P F R ORE ER %
EF FERRS
£  F B ¥ k1A

¥

1 31 §1113
I 1 011

W W W W - W

$ 5 188

f

’t

f

¥
—_ 3 £ o,
o Y . .
e ¥ ?
MOy, )
K b gaar ¥
ﬁ#ﬁz**#y*-,_@-vﬁgqp%m«éﬁ%..'.ﬁ--&ﬁ.ﬁ
we g dw En S e S b a6 e R A e o e W R
o,
ax. s e ‘z we Wt it WA OEt m& Wb W Mk R M e ..'J. - W a w
M. W . ‘ K- i W L] b 2 - ‘.\‘M‘,“' i N0 M b - L b - - MW
% t Ta ¥
W A A de e e W A WA e W wh A %' e e W A e W e e W
$ ¥ o r
% ¥ ’ i
¥ 3 ]
4 L t M .
P i ¥ :-"gh
-m . e I e N AR R ER. W W = A M S B S - W Em W
e ae am NP O e e A WA M ew e m e W e A e e e e & o O
ﬁhm#wmrh:é&'i#mw*ni-ww«tw-iv.-;v}-'w’.-:deiuw
2 2 4
A OME N W W AT N W A e W :o W GF N W W A im- ‘e e A Wt
. :
- o 1 - e A W R gn | OE M A W W ‘n - .-
L * %
| ¥
W e W NG . W NT T WY R % W W W M R T O N T Em W e e
¥ : ¥
§ ¥
 § 4 $

|

N

FIG. 4

R B A

i S
3 3
” - e N O w A W l‘ -
wal W W WO W ab e A W we
su’ ‘M0 SN WO ma ke 1 -
el da Mu G S M - - ij E°N
3 3
c-’ W WE W WO WM e W 1 -
3 $
$ 3
¥ 3
¥ 3
e Geasiporiieniih i Ry
B s e S
m’ e S . o o J »
¥ E L
4v W G A W W A e b -
3 $
ol v w em we e ax we o] A
| |
i 1
3 |
3 3
) o o e o m
Oel A e A M0 30 AN we  uml e
LR R I
i 3
i $
1 - f
ml W N SR W AT W e m; .
1 3
i §

Polar code retransmission apparatus

Encoding module

Modulo-2 addition module

Sending module

FI1G. 5

29

50

{
i
}
$
§
3

£ £ ¥ 31

é
/

¥

i

¥ F 2K RN
BERRIE
BEEELIL
t 0 ¢ ¥ ¥
RN
SRERLT

3 ¥ #1103

P 8 3 F Y

:

1 4 ¥it3
T ¥ 03 ei
t ¥ 08

f F %Y

3
|
%
ki

¥ k¥ ts
? E tELE

3
}

A

P 3 0k
BELL



CA 02972642 2017-06-29
s -2

4/5

Polar code retransmission apparatus

Encoding module

/‘5011 /501
5012
/' /‘ 60

Determining unit

Encoding unit

502
Modulo-2 addition module /

Sending module

FIG. 6
70
701
Base station
702 7011 7015
703 7013 7014
Access terminal Processor
704 7012
-

FI1G. 7

30



Electronic

component

302

CA 02972642 2017-06-29

w * ®

5/5

301

Logic group

Electronic Electronic
component component

303 304

306

FIG. 8

31

Electronic
component

305




	Page 1 - abstract
	Page 2 - abstract
	Page 3 - abstract
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - description
	Page 14 - description
	Page 15 - description
	Page 16 - description
	Page 17 - description
	Page 18 - description
	Page 19 - description
	Page 20 - description
	Page 21 - description
	Page 22 - description
	Page 23 - description
	Page 24 - claims
	Page 25 - claims
	Page 26 - claims
	Page 27 - claims
	Page 28 - claims
	Page 29 - drawings
	Page 30 - drawings
	Page 31 - drawings
	Page 32 - drawings
	Page 33 - drawings

