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SELECT ALL PATHS PASSING CRC

(57) Abstract: The present disclosure relates to a pre-Sth-Generation (5G) or
5G communication system to be provided for supporting higher data rates Be-

yond 4"_Generation (4G) communication system such as Long Term Evolution
(LTE). An operation method of a receiving device in a wireless system includes
receiving a polar codeword generated by a polar code, generating a majority of
decoding paths by decoding a bit value corresponding to one index that is select-
ed among a majority of indexes indicating respective bits included in the polar
codeword, determining a first candidate group that includes at least one decod-
ing path among the majority of decoding paths, and determining, as a second
candidate group, at least one decoding path passing a CRC check among the first
candidate group. A number of the at least one decoding path included in the first
candidate group is determined based on a result of a CRC check performed prior
to the CRC check.
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Description
Title of Invention: APPARATUS AND METHOD FOR
ENCODING WITH CYCLIC REDUNDANCY CHECK AND

POLAR CODE
Technical Field

The following description generally relates to encoding and decoding and, in more
detail, relates to an apparatus and method for encoding and decoding with a Cyclic Re-
dundancy Check (CRC) and a polar code.

Background Art

To meet the demand for wireless data traffic having increased since deployment of 4
th generation (4G) communication systems, efforts have been made to develop an
improved 5% generation (5G) or pre-5G communication system. Therefore, the 5G or
pre-5G communication system is also called a ‘Beyond 4G Network’ or a ‘Post Long
Term Evolution (LTE) System’.

The 5G communication system is considered to be implemented in higher frequency
(mmWave) bands, e.g., 28GHz or 60GHz bands, so as to accomplish higher data rates.
To decrease propagation loss of the radio waves and increase the transmission
distance, the beamforming, massive multiple-input multiple-output (MIMO), Full Di-
mensional MIMO (FD-MIMO), array antenna, an analog beam forming, large scale
antenna techniques are discussed in 5G communication systems.

In addition, in 5G communication systems, development for system network im-
provement is under way based on advanced small cells, cloud Radio Access Networks
(RANS), ultra-dense networks, device-to-device (D2D) communication, wireless
backhaul, moving network, cooperative communication, Coordinated Multi-Points
(CoMP), reception-end interference cancellation and the like.

In the 5G system, Hybrid frequency shift keying (FSK) and quadrature amplitude
modulation (FQAM) and sliding window superposition coding (SWSC) as an
advanced coding modulation (ACM), and filter bank multi carrier (FBMC), non-
orthogonal multiple access (NOMA), and sparse code multiple access (SCMA) as an
advanced access technology have been developed.

A polar code is being considered as one channel code for 5G communication. The
polar code can provide error rate performance that is comparable with those of a turbo
code and a Low Density Parity Check (LDPC) code. The polar code demands a great
number of operations compared to the turbo code and the LDPC code, due to a se-

quential algorithm.

Disclosure of Invention
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Solution to Problem

To address the above-discussed deficiencies, it is a primary object to provide an
apparatus and method for performing encoding and decoding with a CRC and a polar
code.

An operation method of a receiving device in a wireless system according to one
exemplary embodiment includes receiving a polar codeword generated by a polar code,
generating a majority of decoding paths by decoding a bit value corresponding to one
index that is selected among a majority of indexes indicating respective bits included
in the polar codeword, determining a first candidate group that includes at least one
decoding path among the majority of decoding paths, and determining, as a second
candidate group, at least one decoding path passing a Cyclic Redundancy Check
(CRC) check among the first candidate group. A number of the at least one decoding
path included in the first candidate group is determined based on a result of a CRC
check performed prior to the CRC check.

A receiving device in a wireless system according to one exemplary embodiment
may include a transceiver configured to receive a signal from a transmitting device,
and at least one processor operatively combined with the transceiving unit. The at least
one processor is configured to receive a polar codeword generated by a polar code,
generate a majority of decoding paths by decoding a bit value corresponding to one
index that is selected among a majority of indexes indicating respective bits included
in the polar codeword, and is determine a first candidate group that includes at least
one decoding path among the majority of decoding paths, and is configured to
determine, as a second candidate group, at least one decoding path passing a Cyclic
Redundancy Check (CRC) check among the first candidate group. The number of the
at least one decoding path included in the first candidate group is determined based on
a result of a CRC check performed prior to the CRC check.

A transmitting device in a wireless system according to one exemplary embodiment
includes a transceiver configured to perform communication with a receiving device,
and at least one processor operatively combined with the transceiver. The at least one
processor is configured to generate a majority of bit groups by dividing input in-
formation bits every predefined count, generate a first CRC codeword by performing
CRC encoding on a first bit group among the majority of bit groups, concatenate a
second bit group among the majority of bit groups and the first CRC codeword, and
generate a second CRC codeword by performing the CRC encoding on the first CRC
codeword that the second bit group is concatenated with.

An operation method of a transmitting device in a wireless system according to one

exemplary embodiment includes generating a majority of bit groups by dividing input
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information bits every predefined count, generating a first CRC codeword by
performing CRC encoding on a first bit group among the majority of bit groups, con-
catenating a second bit group among the majority of bit groups and the first CRC
codeword, and generating a second CRC codeword by performing the CRC encoding

on the first CRC codeword that the second bit group is concatenated with.
The above exemplary embodiments and other exemplary embodiments may be un-

derstood together with a detailed description mentioned below and the drawings. But,
the detailed description mentioned below is an exemplary means for explaining
preferred exemplary embodiments and various detailed items thereof, and do not limit
the scope of the exemplary embodiments. Various modifications and changes may be
made within the scope of the exemplary embodiments.

Before undertaking the DETAILED DESCRIPTION below, it may be advantageous
to set forth definitions of certain words and phrases used throughout this patent
document: the terms “include” and “comprise,” as well as derivatives thereof, mean
inclusion without limitation; the term “or,” is inclusive, meaning and/or; the phrases
“associated with” and “associated therewith,” as well as derivatives thereof, may mean
to include, be included within, interconnect with, contain, be contained within, connect
to or with, couple to or with, be communicable with, cooperate with, interleave,
juxtapose, be proximate to, be bound to or with, have, have a property of, or the like;
and the term “controller” means any device, system or part thereof that controls at least
one operation, such a device may be implemented in hardware, firmware or software,
or some combination of at least two of the same. It should be noted that the func-
tionality associated with any particular controller may be centralized or distributed,
whether locally or remotely. Definitions for certain words and phrases are provided
throughout this patent document, those of ordinary skill in the art should understand
that in many, if not most instances, such definitions apply to prior, as well as future
uses of such defined words and phrases.

Brief Description of Drawings

For a more complete understanding of the present disclosure and its advantages,
reference is now made to the following description taken in conjunction with the ac-
companying drawings, in which like reference numerals represent like parts:

FIG. 1 illustrates a wireless communication system.

FIGs. 2A to 2C illustrate an encoding method of a polar code using a single CRC.

FIGs. 3A and 3B illustrate a decoding method of a polar code using a single CRC.

FIG. 4 illustrates a CRC encoding method of a polar code using a multiple CRC.

FIGs. 5A to 5C illustrate a method of deciding a decoding path of a polar code using
a multiple CRC.
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[20] FIG. 6 illustrates a CRC encoding method according to one exemplary embodiment.
[21] FIGs. 7A to 7C illustrate a method of deciding a decoding path in accordance with
one exemplary embodiment.

[22] FIG. 8 illustrates a flow of an operation for encoding of a polar code according to
one exemplary embodiment.

[23] FIG. 9 illustrates a flow of an operation for CRC encoding according to one
exemplary embodiment.

[24] FIG. 10 illustrates a flow of an operation for CRC encoding according to another
exemplary embodiment.

[25] FIG. 11 illustrates a flow of an operation for decoding of a polar code according to
one exemplary embodiment.

[26] FIG. 12 illustrates a flow of a detailed operation for decoding of a polar code
according to one exemplary embodiment.

[27] FIG. 13 illustrates a flow of a detailed operation for decoding of a polar code
according to one exemplary embodiment.

[28] FIG. 14 illustrates a flow of an overall operation for decoding of a polar code
according to one exemplary embodiment.

[29] FIG. 15 illustrates a functional construction of an electronic device according to one
exemplary embodiment.

[30] FIGs. 16A and 16B illustrate the error rate performance of a CRC polar code
technology according to one exemplary embodiment.
Best Mode for Carrying out the Invention

[31] FIGURES 1 through 16B, discussed below, and the various embodiments used to
describe the principles of the present disclosure in this patent document are by way of
illustration only and should not be construed in any way to limit the scope of the
disclosure. Those skilled in the art will understand that the principles of the present
disclosure may be implemented in any suitably arranged electronic device.

[32] The terms used in the present disclosure are to just describe specific exemplary em-

bodiments, and may have not an intention to limit the scope of other exemplary em-
bodiments. The expression of a singular form may include the expression of a plural
form unless otherwise dictating clearly in context. The terms used herein including the
technological or scientific terms may have the same meanings as those commonly un-
derstood by a person having ordinary skill in the art mentioned in the present
disclosure. Among the terms used in the present disclosure, the terms defined in a
general dictionary may be construed as the same or similar meanings as the contextual
meanings of a related technology, and are not construed as ideal or excessively formal

meanings unless defined clearly in the present disclosure. According to cases, even the
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terms defined in the present disclosure may not be construed as excluding exemplary
embodiments of the present disclosure.

In various exemplary embodiments of the present disclosure described below, a
hardware access method is explained as an example. However, the various exemplary
embodiments of the present disclosure include a technology using all hardware and
software and therefore, it is not that the various exemplary embodiments of the present
disclosure exclude a software based access method.

Below, the present disclosure explains an apparatus and method for encoding and
decoding with a multiple Cyclic Redundancy Check (CRC) code and a polar code. The
terms used below are terms exemplified for description convenience. Accordingly, the
present disclosure is not limited to the terms described later, and may use other terms
having equivalent technological meanings.

FIG. 1 illustrates a wireless communication system 100.

Referring to FIG. 1, the system 100 includes a transmitting device 110 and a
receiving device 120. The transmitting device 110 and the receiving device 120 may
correspond to user devices or network devices. The user device may include a
terminal, a mobile station, a user equipment, etc. The network device may include a
base station, a node B, an evolved node B (e-node B), etc. For example, the
transmitting device 110 and the receiving device 120 may all correspond to terminals.
For another example, the transmitting device 110 may correspond to a terminal, and
the receiving device 120 may correspond to a base station.

The transmitting device 110 transmits a signal including data to the receiving device
120. In one exemplary embodiment, the transmitting device 110 may transmit the
signal to the receiving device 120 in a super high frequency (mmWave) band. For the
purpose of the mitigation of a propagation path loss in the super high frequency band
and the increase of a propagation distance of a radio wave, the transmitting device 110
may use beamforming, massive Multi Input Multi Output (MIMO), Full Dimensional
(FD) MIMO technologies, etc.

To increase the error rate performance of data that may be transmitted through a
channel, the transmitting device 110 may use various encoding and decoding
techniques. For example, the transmitting device 110 may perform encoding and
decoding with a Low Density Parity Check (LDPC) code and a turbo code. For another
example, the transmitting device 110 may perform encoding and decoding with a polar
code.

The decoding with the polar code is characterized by using a Successive Cancellation
(SC) decoding algorithm. According to the SC decoding algorithm, a decoder se-
quentially decodes information bits, one per bit. Here, the information bits construct

data that the transmitting device 110 is to transmit to the receiving device 120. The SC
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decoding may be performed independently of a CRC, but the SC decoding may be
performed along with a CRC code so as to provide error rate performance that is
comparable with those of an LDPC and a turbo code. The SC decoding performed
along with the CRC code is called a CRC Aided SC List (CA-SCL) decoding method.
Below, a decoding method described in the detailed description of the invention and
the drawings corresponds to the CA-SCL decoding method.

The CRC code is a code for, when data is transmitted in a wired or wireless network
environment, checking if there is an error in the transmitted data. The transmitting
device 110 adds the CRC code to transmission data (i.e., performs CRC encoding for
the transmission data) and transmits to the receiving device 120 the data to which the
CRC code is added. After the receiving device 120 receives the data to which the CRC
code is added, the receiving device 120 may use the CRC code to check the existence
or non-existence of an error of the data (i.e., performs a CRC check).

The following descriptions provide an encoding and decoding operation method of a
polar code with a single CRC in FIG. 2A to FIG. 3B. The method includes the process
of performing encoding and decoding by using one CRC code. Also, the following de-
scriptions provide an encoding and decoding operation method of a polar code with a
multiple CRC in FIG. 4 and FIGs. 5A to 5C. The method includes the process of
dividing one CRC code into a constant count, and performing a CRC check by using
the divided CRC codes. Also, the following descriptions provide another encoding and
decoding operation method of a polar code with a multiple CRC in FIG. 6 and FIGs.
7A to 7C.

FIGs. 2A to 2C illustrate an encoding method of a polar code using a single CRC.
FIGs. 2A to 2C illustrate a series of operations in which the transmitting device 110
performs CRC encoding and polar encoding, and each operation is successively
performed.

Referring to FIG. 2A, the transmitting device 110 performs CRC encoding on
inputted information bits (or an information bit sequence). In FIG. 2A, ‘m’ denotes the
inputted information bits, and ‘c’ denotes a CRC code. The ‘m’ and the ‘c’ are all
binary row vectors consisting of 0 and 1. Also, in FIG. 2A, the ‘K’ denotes a length of
the inputted information bits (or the number of bits included in the information bit
sequence), and the ‘a’ denotes a length of the CRC code (or the number of bits). In
other words, the transmitting device 110 generates a CRC codeword of size 1x(K+a)
by concatenating the information bit m=(mgy,m;,...my ;) of size 1xK and the CRC code
c=(cp,C1,...Ca1) Of size 1xa.

Referring to FIG. 2B, the transmitting device 110 converts the CRC codeword of size
Ix(K+a) into a binary u vector of size 1xN, before performing polar encoding. Here,

the ‘N’ denotes a length of the u vector (or the number of bits), and the ‘N’ is a value
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corresponding to a length of the polar code. The ‘N’ may be decided based on a coding
rate ‘R’ of the transmitting device 110 and the length ‘K’ of the information bits. The
coding rate ‘R’ may be expressed by K/N. Also, the ‘N’ is a number greater than K+a.
In other words, the u vector includes an ‘N’ number of constituent elements, and the
CRC encoded bits are mapped to a K+a number of constituent elements among the ‘N’
number of the constituent elements, and the remaining constituent elements are
mapped to a value 0.

The transmitting device 110 performs polar encoding on the u vector. For example,
the polar encoding may be expressed in Equation 1 below.

[Equation 1]

uG, =x

In the Equation 1, the ‘Gy’ denotes a polar code generator matrix of size NxN, and
the ‘x’ denotes a codeword vector of size 1xN. For example, if the coding rate ‘R’ of
the polar encoding performed in the transmitting device 110 is 1/2 and the length ‘K’

of the inputted information bit is 2, because the ‘N’ value is 4, the polar code generator

matrix may be expressed by a matrix as in Equation 2 below.

[Equation 2]
(1 0 0 0]
1 010
G, =
11 00
111 1)

In the Equation 2, the ‘G4 denotes a polar code generator matrix of size 4x4.

FIG. 2C illustrates a polar encoding operation by a bipartite graph. An operation
mentioned in the Equation 1 may be expressed by the bipartite graph illustrated in FIG.
2C. Referring to FIG. 2C, a graph 200 includes variable nodes 201-a to 201-d, 203-a to
203-d, and 205-a to 205-d, and operation nodes 202-a to 202-d and 204-a to 204-d.
Each of the variable nodes represents a node to which a constituent element of the u
vector or a result value of the operation is inputted. Each of the operation nodes
represents a node in which an operation between values of the variable nodes is
performed. Though not concretely illustrated in FIG. 2C, an operation equation
inputted to each of the operation nodes may be various in accordance with the polar
code generator matrix (Gy). The constituent elements of the u vector inputted to the
graph 200 are encoded into constituent elements of a codeword vector (x) through a se-
quential operation process, and the process proceeds from the left to the right.

For example, in a case of N =4, the constituent elements u;, u,, u; and u, of the u

vector are inputted to the variable nodes 201-a to 201-d, respectively. The u;, u,, u; and
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uy each consist of 0 or 1. The transmitting device 110 performs an operation for a value
u; and a value u, at the variable node 202-a (in this case, an operation symbol of an
operation equation inputted to the operation node 202-a is (+)). As a result, a value u,
+u, is decided at the variable node 203-a. In the same manner, the transmitting device
110 performs an operation for the value u;+u, inputted to the variable node 203-a and a
value u;+uy decided at the variable node 203-b at the operation node 204-a (in this
case, an operation symbol of an operation equation inputted to the operation node
204-a is (+)). As a result, a value u;+u,+us+u, is decided at the variable node 205-a. In
the same manner, the transmitting device 110 generates result values at the variable
nodes 205-b to 205-d.

The values inputted to the variable nodes 205-a to 205-d represent the constituent
elements of the codeword vector ‘x’, respectively. As illustrated in FIG. 2C, the
transmitting device 110 transmits the generated codeword vector ‘x’ to the receiving
device 120 through a channel. The receiving device 120 receives a partially or entirely
distorted signal through the channel. In FIG. 2C, constituent elements of a polar
codeword vector ‘y’ included in the received signal are denoted by yi, y», y; and ya, re-
spectively.

FIGs. 3A and 3B illustrate a decoding method of a polar code using a single CRC.
FIGs. 3A and 3B illustrate a series of operations in which the receiving device 120
performs decoding. The respective operations may be successively performed or, while
an operation illustrated in FIG. 3A is performed, an operation illustrated in FIG. 3B
may be concurrently performed.

The receiving device 120 performs a decoding operation in accordance with a
scheme illustrated in FIG. 3A. A graph 300 includes variable nodes 301-a to 301-d,
303-a to 303-d, and 305-a to 305-d, and operation nodes 302-a to 302-d and 304-a to
304-d. A series of operation schemes performed in FIG. 3A is similar with a series of
operation schemes illustrated in FIG. 2C. But, values (or operation equations) re-
spectively inputted to the variable nodes and the operation nodes included in the graph
300 are different from values (or operation equations) respectively inputted to the
variable nodes and the operation nodes included in the graph 200. An operation
process proceeds from the right to the left. For example, constituent elements y,, y,, ys
and y, of a polar codeword vector ‘y’ are inputted to the variable nodes 301-a to 301-d,
respectively. The receiving device 120 decides a value of the variable node 303-a by
using a value y, of the variable node 301-a, a value y, of the variable node 301-b and
the operation node 302-a. Here, an operation equation (y;y»)/(y+y2) may be inputted to
the operation node 302-a. An operation equation is decided based on the decided polar
code generator matrix (Gy) and an inputted information bit sequence, and a concrete

proof process is omitted. In the above manner, the receiving device 120 decides a value
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dl by using the variable node 303-a and variable node 305-b and the operation node

304-a.

The value dl is a bit value corresponding to an index of a constituent element u, of a
u vector that is generated in the transmitting device 110. The value ﬁl may be the same

as a value u; or not be the same in accordance with a distortion degree of a signal
transmitted through a channel. Accordingly, the receiving device 120 generates a

decoding path for the value dl in accordance with the scheme illustrated in FIG. 3B.
The decoding path represents candidates (i.e., O or 1) that may become the value ﬁl. In

other words, the receiving device 120 decides a probability in which each of the
candidates is actually the same value as the value u; through a decoding process. A
probability value may be shown by metrics of various forms. The metric may be
expressed by a likelihood or a Log Likelihood Ratio (LLR) in accordance with an im-
plementation method. After the receiving device 120 decides the candidates for the
value L}], the receiving device 120 decides candidates for a next value (for example, a
value 122 or ﬁz) by performing decoding sequentially.

By performing a decoding operation for each of bit values corresponding to indexes,
the receiving device 120 generates candidates for each of the bit values corresponding
to the indexes. If so, as illustrated in FIG. 3B, a majority of decoding paths are
generated. The decoding paths represent a candidate group that is generated by
decoding a majority of bit values. The receiving device 120 generates two decoding
paths whenever decoding on one bit value is performed. For example, decoding paths
(or a candidate group) [4z,, 77, | =[0, 0],[0,1],[1, O], [1, 1] are generated after
decoding on 122 ory ;18 performed.

Whenever the number of bits for decoding is increased, the number of decoding op-
erations is increased. Therefore, to prevent the limitless increase of the number of
decoding operations, the receiving device 120 maintains a predetermined reference
value (hereinafter, named a List (L)) while generating the decoding paths. The ‘L’
value may be various values in accordance with an implementation method.

For example, FIG. 3B assumes a case where L = 4. If the receiving device 120 se-

quentially performs decoding on values Lﬁl to ﬁ3, a total of eight decoding paths are

generated. To meet the predetermined ‘L’ value, the receiving device 120 maintains
four decoding paths among the generated eight decoding paths based on the metric,
and cancels the remaining four decoding paths among the eight decoding paths. In the
present disclosure, the canceled decoding paths represent decoding paths in which a
new decoding path is no longer generated through decoding.

For example, the receiving device 120 may select four decoding paths of the highest
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likelihood (or four decoding paths of the highest LLLR) among the generated eight
decoding paths. The four decoding paths selected in FIG. 3B are
[&2,,2,,u,]1=[0,0,0}],[0,0,1],[1,0,0],[1,1, 1] When the receiving
device 120 performs decoding on 7 s> the receiving device 120 no longer generates ad-
ditional candidates for decoding paths [0, 1, O], [0, 1, 1], [1, O, 1], and [1, 1, O] that
have been canceled in the previous process.

Though not illustrated in FIG. 3B, the receiving device 120 performs a CRC check
for an L. number of decoding paths that are decided by performing decoding on all the
bit values corresponding to the indexes. The number of decoding paths passing the
CRC check may be 0 or 4 in accordance with a distortion degree of a signal that is
received through a channel. If the number of decoding paths passing the CRC check is
2 or more, the receiving device 120 selects one decoding path of the highest metric
among the decoding paths.

Though not illustrated in FIG. 3B, the receiving device 120 performs a CRC check
for an L. number of decoding paths that are decided by performing decoding on all the
bit values corresponding to the indexes. The number of decoding paths passing the
CRC check may be 0 or 4 in accordance with a distortion degree of a signal that is
received through a channel. If the number of decoding paths passing the CRC check is
2 or more, the receiving device 120 selects one decoding path of the highest metric
among the decoding paths.

FIG. 4 illustrates a CRC encoding method of a polar code using a multiple CRC.

Referring to FIG. 4, the transmitting device 110 divides inputted information bits
every constant count, thereby generating an M number of sub blocks (m;, m, and m;).
The number of divided information bits or the number (M) of the sub blocks may be
decided variously according to a length of a polar code, a coding rate, a length of an in-
formation bit sequence, etc. For example, as illustrated in FIG. 4, the transmitting
device 110 may generate three sub blocks by dividing information bits whose length is
‘K. The lengths of the generated sub blocks are K/3 respectively. Also, the
transmitting device 110 may generate three CRC code blocks by dividing a CRC code.
The lengths of the generated CRC code blocks are a/3 respectively.

The transmitting device 110 performs CRC encoding independently for the generated
three sub blocks. Though not illustrated in FIG. 4, the transmitting device 110
generates one CRC codeword of length K+a by concatenating, in series, blocks each
having a length (K+a)/3 that are generated by performing the CRC encoding.

Though not illustrated in FIG. 4, after the transmitting device 110 converts the
generated CRC codeword into a u vector, the transmitting device 110 performs polar

encoding with the u vector and a polar code. The conversion process and the polar
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encoding operation are performed identically with the operation depicted in FIG. 2B
and FIG. 2B.

The receiving device 120 uses a polar codeword received from the transmitting
device 110, to perform encoding of a polar code using a multiple CRC. A concrete
operation process of sequentially decoding bit values (e.g., 4, , i1, , ¢, ) corre-
sponding to indexes of input information bits is identical with the scheme depicted in
FIG. 3A.

FIGs. 5A to 5C illustrate a method of deciding a decoding path of a polar code using
a multiple CRC.

Unlike that the receiving device 120 performs a CRC check after performing all
decoding in the decoding method of the polar code using the single CRC, the receiving
device 120 performs the CRC check whenever decoding on a constant number of bits
is performed in the decoding method of the polar code using the multiple CRC. For
example, if the transmitting device 110 divides input information bits into three sub
blocks and performs CRC encoding on each of the sub blocks as illustrated in FIG. 4,
the receiving device 120 may perform the CRC check whenever the receiving device
120 performs decoding on one block (e.g., m;) among the sub blocks. For another
example, as illustrated in FIGs. 5A to 5C, the receiving device 120 may perform the
CRC check whenever decoding on three bits is performed.

Referring to FIG. 5A, the receiving device 120 maintains the number of decoding
paths as four (i.e., L = 4) while sequentially performing decoding. In FIG. SA, the
number of decoding paths that are generated after the receiving device 120 performs

decoding on the #, , 74, , 5 is totally eight, and the decoding paths remaining through
a cancellation process based on a metric are [0, 0, 0], [0, 0, 1], [1,0,0] and [1, 1, 1]. If

the decoding on the 77, , i, , it, is performed, the receiving device 120 performs a
CRC check for the generated four decoding paths. The number of decoding paths
passing the CRC check may be various according to a distortion degree of a
transmitted signal. For example, if there is not the decoding path passing the CRC
check, the receiving device 120 no longer performs the decoding. For another example,
if the decoding path passing the CRC check is one in number, the receiving device 120
continuously performs decoding on the one decoding path passing the CRC check. For
further example, as illustrated in FIG. 5B, two decoding paths [0, O, 1] and [1, 0, O]
may pass the CRC check, and the remaining two decoding paths may fail to pass the
CRC check. In this case, the receiving device 120 cancels the two decoding paths
failing to pass the CRC check. In other words, the receiving device 120 no longer
performs decoding on the canceled decoding paths.

As illustrated in FIG. 5C, the receiving device 120 selects one decoding path of the
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highest metric among the two decoding paths passing the CRC check. For example, if
the likelihood or LLR of the decoding path [1, 0, 0] is highest, the receiving device 120
may select the decoding path [1, 0, 0], and cancel the other decoding path [0, O, 1].
Though not illustrated in FIGs. 5A to 5C, the receiving device 120 performs the
following procedure for the selected one decoding path in the same scheme as that of
the process earlier depicted in FIGs. 5A to 5C. That is, the receiving device 120 se-
quentially performs decoding from 7 ,» With maintaining the decoding path [1, 0, 0]. If

the number of decoding paths exceeds a predefined reference value ‘L’ (e.g., L=4) in
the decoding execution process, the receiving device 120 cancels decoding paths of a

number exceeding the ‘L’ based on the metric. If decoding on g ¢ 18 performed, the

receiving device 120 performs a CRC check for an ‘L’ number of decoding paths that
are generated in the decoding process.

As mentioned above, because the decoding method of the polar code using the
multiple CRC performs a CRC check after performing a constant number of decoding,
the decoding method of the polar code using the multiple CRC requires the less
number of decoding operations compared to the decoding method of the polar code
using the single CRC. Also, if the CRC check result is that the decoding path passing
the CRC check is 0 in number, the receiving device 120 may immediately terminate
decoding. Therefore, fast decoding termination may occur in the decoding method.
But, because a length of the multiple CRC code is shorter than a length of the single
CRC code, the decoding method of the polar code using the multiple CRC shows a low
error detection ability compared to the decoding method of the polar code using the
single CRC.

FIG. 6 illustrates a CRC encoding method according to one exemplary embodiment.

Referring to FIG. 6, the transmitting device 110 divides information bits every
constant count, thereby generating an M number of sub blocks (m;, m, and m;). The
number of divided information bits or the number (M) of sub blocks may be decided
variously according to a length of a polar code, a coding rate, a length of an in-
formation bit sequence, etc. For example, as illustrated in FIG. 6, the transmitting
device 110 may generate three sub blocks by dividing information bits whose length is
‘K. The lengths of the generated sub blocks are K/3 respectively.

The transmitting device 110 redundantly performs CRC encoding on the generated
sub blocks. In the first step, the transmitting device 110 concatenates a CRC code (c;)
with the first sub block 602 (i.e., m;). In the second step, the transmitting device 110
generates a block 604 (i.e., m;c;m,) by concatenating the second sub block (i.e., m,) to
a block (i.e., m;c;) on which the first CRC encoding is performed. And then, the
transmitting device 110 redundantly concatenates a CRC code (c,) with the block 604.
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In the third step, in the same manner as the second step, the transmitting device 110
generates one CRC codeword (m;c;m,c,m;c;) by redundantly performing CRC
encoding on a block 606 (m,c;m,c,ms;).

Though not illustrated in FIG. 6, after the transmitting device 110 converts the
generated CRC codeword into a u vector, the transmitting device 110 performs polar
encoding with the u vector and a polar code. The conversion process and the polar
encoding operation are performed identically with the operation depicted in FIG. 2B
and FIG. 2C. By the polar encoding process, a polar codeword is generated.

The receiving device 120 uses the polar codeword received from the transmitting
device 110, to perform decoding of a polar code with a multiple CRC. A concrete
operation process of sequentially decoding bit values (e.g., 7, , i, , ¢, ) corre-
sponding to indexes of input information bits is the same as the scheme depicted in
FIG. 3A.

FIGs. 7A to 7C illustrate a method of deciding a decoding path in accordance with
one exemplary embodiment.

The receiving device 120 performs a CRC check whenever decoding on a constant
number of bits is performed identically with the scheme depicted in FIGs. 5A to 5C.
For example, as illustrated in FIGs. 7A to 7C, the receiving device 120 may perform
the CRC check whenever decoding on three bits is performed.

Referring to FIG. 7A, the receiving device 120 maintains the number of decoding
paths as four (i.e., L = 4) while sequentially performing decoding. In FIG. 7A, the
number of decoding paths that are generated after the receiving device 120 performs

decoding on the #, , 74, , 5 is totally eight, and the decoding paths remaining through
a cancellation process based on a metric are [0, 0, 0], [0, 0, 1], [1,0,0] and [1, 1, 1]. If

the decoding on the 77, , i, , it, is performed, the receiving device 120 performs a

CRC check for the generated four decoding paths. The number of decoding paths
passing the CRC check may be various according to a distortion degree of a
transmitted signal. For example, as illustrated in FIG. 7B, the two decoding paths [0, O,
1] and [1, 0, 0] may pass the CRC check, and the remaining two decoding paths may
fail to pass the CRC check. In this case, the receiving device 120 cancels the two
decoding paths failing to pass the CRC check.

Referring to FIG. 7C, unlike that the receiving device 120 performs a next procedure
for one decoding path that is selected based on the CRC check and the metric in FIGs.
SA to 5C, the receiving device 120 performs a next procedure for the two decoding
paths [0, O, 1] and [1, O, O] that are decided after the CRC check. That is, the receiving
device 120 performs subsequent decoding on all the decoding paths passing the CRC
check.
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In this case, the receiving device 120 sets the number of decoding paths that are
decided after the CRC check, as a new decoding path reference value (i.e., an ‘L’
value), and performs next decoding. For example, if the number of decoding paths that
are decided through the CRC check is two as illustrated in FIG. 7C, the receiving

device 120 sequentially performs decoding from g , With maintaining the number of

decoding paths as two. If the number of decoding paths exceeds two that is the number
of newly decided decoding paths in the decoding execution process, the receiving
device 120 cancels the number of decoding paths exceeding two based on the metric. If

decoding on @ ¢ 18 performed, the receiving device 120 performs a CRC check for the

two decoding paths that are generated in the decoding process.

The receiving device 120 performs subsequent decoding on one decoding path that is
selected based on a metric after the CRC check in accordance with the scheme
depicted in FIGs. 5A to 5C, and the receiving device 120 performs subsequent
decoding on all the decoding paths passing the CRC check in accordance with the
scheme depicted in FIGs. 7A to 7C. But, in accordance with various exemplary em-
bodiments, the receiving device 120 may select two or more decoding paths among the
decoding paths passing the CRC check based on various reference values. In one
exemplary embodiment, though not illustrated in FIGs. 7A to 7C, it is assumed that the
number of decoding paths passing the CRC check is four. In this case, the receiving
device 120 may select two decoding paths among the four decoding paths based on the
metric. Also, the receiving device 120 may select three decoding paths among the four
decoding paths based on the metric. Here, the number (i.e., two or three) of the
selected decoding paths may be decided variously in accordance with an imple-
mentation method. For example, the number of the selected decoding paths may be
predetermined in a design step. For another example, the number of the selected
decoding paths may be adaptively decided based on the metric or decoding success
rate of the decoding paths that are decided in the previous decoding step.

By using all the decoding paths passing the CRC, the mentioned scheme may provide
a higher error detection ability compared to the decoding method of the polar code
using the multiple CRC, whereas being capable of providing the low number of
decoding operations because not increasing the decoding paths. But, because the
decoding success rates (or channel capacities) for the respective bit values are different
mutually in accordance with the generator matrix for the polar code in the design step,
if a difference of the decoding success rates for the respective bit values is not
considered, a method of maintaining the decoding path may rather provide a low error
detection ability. Accordingly, a method applying the operation method based on the

channel capacities for the respective bit values may be proposed as in the following de-
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indexes by two groups, based on channel capacities (or decoding success rates) for re-
spective bit values corresponding to indexes of input information bits (or bits included
in a u vector). The two groups may be defined as a Ist group of high channel capacity
(or high decoding success rate), and a 2nd group of low channel capacity (or low
decoding success rate).

In the second step, the receiving device 120 performs decoding of a mutually
different scheme for each group. In a case of the 1st group, the receiving device 120
may, as illustrated in FIGs. 7A to 7C, perform next decoding with no longer increasing
the number of decoding paths that are decreased after a CRC check. Because the 1st
group includes bits of high channel capacity, the receiving device 120 does not almost
generate error rate performance degeneration even if the receiving device 120 does not
increase the number of the decoding paths. In a case of the 2nd group, the receiving
device 120 may, as illustrated in FIGs. 5A to 5C, perform next decoding with
maintaining the number of decoding paths as a predetermined ‘L’.

In the third step, if the last CRC check is performed, the receiving device 120 decides
one decoding path of the highest metric among a majority of decoding paths passing
the CRC check, by a bit value corresponding to the input information bit.

Also, the receiving device 120 may adaptively apply a method of maintaining the
number of decoding paths in accordance with various implementation methods,
besides the operation of grouping the indexes based on the channel capacity. For
example, the receiving device 120 may decide whether to maintain the number of
decoding paths on the basis of a result of decoding up to a previous bit. In more detail,
the receiving device 120 may decide whether to maintain the number of decoding
paths, based on a metric of the decoding paths decided in the previous decoding
process. The metric may be various in accordance with an implementation method. For
example, the metric may become a likelihood or an LLR. In this case, a concrete
procedure of a method of maintaining the number of decoding paths based on the
metric may be implemented as below.

In the first step, the receiving device 120 performs decoding on bit values corre-
sponding to indexes, without grouping the indexes of the input information bits. Here,
the receiving device 120 sets the number of decoding paths as a predetermined
reference value (i.e., an ‘L’ value). For example, the receiving device 120 may set the
number of decoding paths as L = 4.

In the second step, the receiving device 120 decides the number of decoding paths
for a subsequent decoding step, based on a metric for the decoding paths that are

decided in the previously decoding step. For example, it is assumed that the number of
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decoding paths passing the CRC check is three after decoding is performed up to ﬁ3. If
a metric of the three decoding paths passing the CRC check is less than a preset

threshold value, the receiving device 120 may perform decoding on 7 4 With

maintaining the number of decoding paths as L. = 4. If the metric of three decoding
paths passing the CRC check is equal to or is greater than the preset threshold value,

the receiving device 120 performs decoding on 7 , With maintaining the number of

decoding paths (i.e., with setting the number of decoding paths as three).

In the aforementioned exemplary embodiments, maintaining or non-maintaining the
decoding path is determined on the basis of all the decoding paths passing the CRC
check. But, in accordance with other exemplary embodiments, maintaining or non-
maintaining the number of decoding paths may be determined by some of all the
decoding paths passing the CRC check (e.g., a decoding path having the most excellent
metric and a predefined number of decoding paths).

FIG. 8 illustrates a flow of an operation for encoding of a polar code according to
one exemplary embodiment.

Referring to FIG. 8, in step 810, the transmitting device 110 divides input in-
formation bits into a predefined number of groups, to generate a majority of bit groups.
For example, if a length of the input information bits is ‘K’ and the number of the bit
groups is ‘M’, the transmitting device 110 may divide the input information bits every
K/M number of bits.

In step 820, the transmitting device 110 performs CRC encoding on each of the
majority of bit groups, thereby generating one CRC codeword. A scheme in which the
CRC encoding is performed may be various in accordance with an implementation
method. The scheme in which the CRC encoding is performed is depicted in a de-
scription of FIG. 9 and FIG. 10 below.

In step 830, the transmitting device 110 performs polar encoding on the CRC
codeword, thereby generating a polar codeword. Thought not illustrated in FIG. 8§, after
the transmitting device 110 converts the CRC codeword into a u vector, the
transmitting device 110 may perform the polar encoding. The length of the u vector is
decided based on a coding rate and the length of the input information bits. Also, the u
vector may additionally include a value O besides a constituent element included in the
CRC codeword. Though not illustrated in FIG. §, the transmitting device 110 transmits
the generated polar codeword to the receiving device 120.

FIG. 9 illustrates a flow of an operation for CRC encoding according to one
exemplary embodiment. The operation illustrated in FIG. 9 illustrates step 8§20 of FIG.
8 in more detail.

Referring to FIG. 9, in step 910, the transmitting device 110 generates a 1st CRC
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codeword by performing CRC encoding on the first bit group among the majority of
bit groups. For example, the transmitting device 110 may generate the 1st CRC
codeword by concatenating the first block among blocks of length K/M and a CRC
code of length a/M.

In step 920, the transmitting device 120 generates a 2nd CRC codeword by
performing CRC encoding on the second bit group among the majority of bit groups.
The CRC encoding on the first bit group and the CRC encoding on the second bit
group are performed independently, and any one encoding process does not affect the
other encoding process.

In step 930, the transmitting device 110 generates one CRC codeword by con-
catenating the 1st CRC codeword and the 2nd CRC codeword in series.

Though not illustrated in FIG. 9, if the number of bit groups is ‘n’ (‘n’ is a natural
number of 2 or more), the transmitting device 110 may generate an ‘n’ number of CRC
codewords in the same scheme as that of step 910 and step 920. For example, if the ‘n’
is 5, the transmitting device 110 may generate a 3rd CRC codeword, a 4th CRC
codeword and a 5th CRC codeword. Also, the transmitting device 110 may generate
one CRC codeword by concatenating the generated five CRC codewords in series.

FIG. 10 illustrates a flow of an operation for CRC encoding according to another
exemplary embodiment. An operation illustrated in FIG. 10 illustrates step 820 of FIG.
8 in more detail.

Referring to FIG. 10, in step 1010, the transmitting device 110 generates a 1st CRC
codeword by performing CRC encoding on the first bit group among a majority of bit
groups. For example, the transmitting device 110 may generate the 1st CRC codeword
by concatenating the first bit group among the bit groups of length K/M and a CRC
code of length a/M.

In step 1020, the transmitting device 110 concatenates the second bit group among
the majority of bit groups to the 1st CRC codeword. In other words, the transmitting
device 110 concatenates the second bit group and the 1st CRC codeword in series.

In step 1030, the transmitting device 110 generates a 2nd CRC codeword by
performing CRC encoding on the 1st CRC codeword which the second bit group is
concatenated with. FIG. 10 illustrates a process of redundantly performing CRC
encoding for just two bit groups, but in accordance with an implementation method,
the transmitting device 110 may redundantly perform CRC encoding for an ‘n’ number
of bit groups.

FIG. 11 illustrates a flow of an operation for decoding of a polar code according to
one exemplary embodiment.

Referring to FIG. 11, in step 1110, the receiving device 120 decides a 1st candidate

group by decoding a bit value corresponding one index that is selected among a
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majority of indexes. Here, the majority of indexes represent indexes corresponding to a
majority of bits included in an input information bit sequence. Also, the 1st candidate
group represents a decoding path that is decided by the CA-SCL decoding. In other
words, the receiving device 120 decides decoding paths of bit values

(e.g.,#,,1,, 11, ) corresponding to indexes of input information bits, by performing
decoding on constituent elements of a polar codeword vector ‘y’ received from the
transmitting device 110. The number of a majority of candidates (i.e., decoding paths)
included in the majority of 1st candidate groups may be various in accordance with an
implementation method. For example, the number of the majority of candidates may
correspond to a predefined reference value (i.e., ‘L’ value) or less. For another
example, the number of the majority of candidates may be decided based on a result of
a previously executed CRC check. In this case, if the number of decoding paths that
are generated by performing a CRC check after the receiving device 120 decodes up to

ﬁ3 is two, the receiving device 120 maintains the number of decoding paths as two in a

subsequent decoding step.

In step 1120, if the receiving device 120 performs a defined number of decoding, the
receiving device 120 may decide a 2nd candidate group passing the CRC check among
the 1st candidate group. Here, the number of a majority of candidates included in the
2nd candidate group may be various in accordance with a channel state in which a
signal is received. Candidates failing to pass the CRC check are canceled. Though not
illustrated in FIG. 11, if the number of candidates included in the 2nd candidate group
after the CRC check is zero, the receiving device 120 terminates the decoding
operation.

FIG. 12 illustrates a flow of a detailed operation for decoding of a polar code
according to one exemplary embodiment. FIG. 12 illustrates an operation of repeatedly
performing step 1110 and step 1120 of FIG. 11.

Referring to FIG. 12, in step 1210, the receiving device 120 generates a majority of
index groups, by dividing a majority of indexes into a constant count. The receiving
device 120 performs a CRC check by the unit of the generated majority of index
groups. The number of the majority of index groups may be decided based on a length
of an input information bit sequence and a coding rate. Though not illustrated in FIG.
12, if the majority of index groups are generated, the receiving device 120 sequentially
performs decoding on respective indexes included in the majority of index groups in
accordance with the scheme depicted in FIG. 3A.

In step 1220, the receiving device 120 determines if an index of a bit on which
decoding is performed corresponds to a position of performing a CRC check. In other

words, the receiving device 120 decides if decoding on bits corresponding to one index
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group has been all performed. If the index of the bit on which the decoding is
performed does not correspond to the position of performing the CRC check, in step
1230, the receiving device 120 sequentially performs decoding from a next index. If
the index of the bit on which the decoding is performed corresponds to the position of
performing the CRC check, in step 1240, the receiving device 120 performs the CRC
check for a 1st candidate group of the index group.

In step 1250, the receiving device 120 decides a 2nd candidate group passing the
CRC check. The receiving device 120 repeatedly performs step 1220 to step 1250 until
a decoding path for the last index group among the majority of index groups is
decided. Though not illustrated in FIG. 12, if the 2nd candidate group of the last index
group is decided, the receiving device 120 decides one candidate of high metric among
a majority of candidates included in the 2nd candidate group, by bit values corre-
sponding to indexes of the input information bits.

FIG. 13 illustrates a flow of a detailed operation for decoding of a polar code
according to one exemplary embodiment.

Referring to FIG. 13, in step 1310, the receiving device 120 divides indexes of input
information bits into a Ist group and a 2nd group, based on a channel capacity or a
decoding success rate. The Ist group represents a group of high channel capacity, and
the 2nd group represents a group of a non-high channel capacity.

In step 1320, the receiving device 120 decides if one index that is selected for
decoding among the indexes is included in the 1st group. If the index is included in the
Ist group, in step 1330, the receiving device 120 decides the number of candidates
included in a 1st candidate group related with the selected index, based on a result of a
CRC check performed prior to the above CRC check. In other words, the receiving
device 120 changes the ‘L.’ into the number of decoding paths that are decided passing
a CRC check in the previous step. If the index is not included in the 1st group, in step
1340, the receiving device 120 performs a decoding process for a bit value corre-
sponding to each index identically with the scheme depicted in FIGs. 5A to 5C.

FIG. 14 illustrates a flow of an overall operation for decoding of a polar code
according to one exemplary embodiment.

Referring to FIG. 14, in step 1405, the receiving device 120 sets ‘i’ by 1. Here, the 'I’
denotes indexes of input information bits. Also, the receiving device 120 sets the
number of decoding paths by 1. The decoding path may be referred to as a list or a
codeword candidate. The decoding path is doubled whenever decoding on one index is
performed. To decide decoding paths for an information bit corresponding to the one
index, the receiving device 120 successively performs step 1410 to step 1435 below.

In step 1410, the receiving device 120 determines a metric for decoding of an in-

formation bit corresponding to an i® index. In step 1415, the receiving device 120
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decides if the index ‘i’ for performing decoding is included in a group of high channel
capacity. If the ‘1’ is included in the group of high channel capacity, in step 1435, the
receiving device 120 generates as many decoding paths as the current number of
decoding paths. In other words, the receiving device 120 maintains the number of
decoding paths decided in the previous step as it is, without increasing the number of
decoding paths.

If the ‘1’ is not included in the group of high channel capacity, the receiving device
120 performs a decoding path generation process as below. In step 1420, the receiving
device 120 decides if the current number of decoding paths exceeds L/2 (‘L is a
decoding path reference value). If the current number of decoding paths exceeds the L/
2, in step 1430, the receiving device 120 decides the current number of decoding paths
as the ‘L. If the current number of decoding paths does not exceed the L/2, the
receiving device 120 increases the current number of decoding paths by double in step
1425 and then, maintains the number of decoding paths as the ‘L’ in step 1430.

In step 1435, the receiving device 120 generates as many decoding paths as the
decided number of decoding paths. Through a series of processes, the number of
decoding paths may be maintained as the number of decoding paths of the previous
step, or may be generated as many as the ‘L’ based on whether the index ‘i’ is included
in the group of high channel capacity.

In step 1440, the receiving device 120 decides if the index ‘i’ generating the
decoding paths is an index for performing a CRC check. In other words, as mentioned
in step 1220 of FIG. 12, the receiving device 120 determines if decoding on bits in
which one index corresponds to a group have been all performed. If the index ‘1" does
not correspond to the index for performing the CRC check, in step 1445, the receiving
device 120 increases a value of the index ‘i’ by 1. In other words, the receiving device
120 will perform the mentioned decoding path generation process (step 1410 to step
1435) for a next index. If the index ‘i’ corresponds to the index for performing the
CRC check, in step 1450, the receiving device 120 cancels decoding paths failing to
pass the CRC check among a majority of decoding paths. The receiving device 120 no
longer performs decoding on the canceled decoding paths.

In step 1455, the receiving device 120 determines if a current CRC check is the last
CRC check. In other words, as illustrated in FIG. 12, the receiving device 120 de-
termines if a decoding path for the last index group among a majority of index groups
is decided. If the current CRC check is not the last CRC check, in step 1445, the
receiving device 120 increases a value of the index ‘i’ by 1, and performs a next
decoding step. If the current CRC check is the last CRC check, in step 1460, the
receiving device 120 selects one decoding path of high metric in order to decide final

bits corresponding to indexes of input bits. The metric may be a likelihood or an LLR.
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FIG. 15 illustrates a functional construction of an electronic device 1500 according to
one exemplary embodiment. The terms “...unit”, “...er”, etc. used below may
represent the unit of processing at least one function or operation, and the terms may
represent hardware, software or a combination of the hardware and the software.

Referring to FIG. 15, the electronic device 1500 includes a transceiving unit 1510, a
control unit 1520, a storage unit 1530, a CRC encoding unit 1540 and a polar encoding
unit 1550. In some embodiments, the transceiving unit 1510 may be referred to as a
transmission interface, a reception interface, a transmission and reception interface, a
transmitter, a receiver, or a transceiver. In other some embodiments, the control unit
1520 may be referred to as a controller or a processor. For description convenience,
FIG. 15 illustrates the electronic device 1500 including only the above constituent
elements, but deleting of the constituent elements or adding of new constituent
elements is available in accordance with various implementation methods. Also, for
description convenience, FIG. 15 illustrates including one element per constituent
element, but may include at least two or more constituent elements in accordance with
various implementation methods. For example, the electronic device 1500 may include
two or more control units 1520 or two or more storage units 1530. Also, for description
convenience, FIG. 15 illustrates that the electronic device 1500 performs a function of
the transmitting device 110, but the electronic device 1500 may perform a function of
the receiving device 120 or may perform all the functions of the transmitting device
110 and the receiving device 120 in accordance with an implementation method.

The transceiving unit 1510 is configured to perform a function of processing a
transceived signal. In some exemplary embodiments, the transceiving unit 1510 is
configured to perform various operations for processing a transmission signal in a
baseband. For example, the transceiving unit 1510 may be configured to perform
modulation based on a modulation scheme according to a communication system. The
modulation scheme may include Code Division Multiple Access (CDMA), Wideband
Code Division Multiple Access (WCDMA), an orthogonal scheme (for example, Or-
thogonal Frequency Division Multiplexing (OFDM)), and a non-orthogonal scheme
(for example, Filter Bank Multi-carrier (FBMC)), as well as Hybrid Frequency Shift
Keying and Quadrature Amplitude Modulation (FQAM), Sliding Window Super-
position Coding (SWSC), Filter Bank Multi Carrier (FBMC), Non Orthogonal
Multiple Access (NOMA), Sparse Code Multiple Access (SCMA) and the like.

In some other exemplary embodiments, the transceiving unit 1510 is configured to
perform various operations for transmitting a transmission signal processed in the
baseband, as a Radio Frequency (RF) signal. For example, the transceiving unit 1510
may be configured to filter, based on a transmission band, an RF signal that is

processed in the baseband and is converted into an analog signal by a Digital to Analog



22

WO 2017/209531 PCT/KR2017/005722

[126]

[127]

[128]

[129]

[130]

Converter (DAC). For another example, the transceiving unit 1510 may be configured
to up convert the RF signal. The signal power of the up-converted RF signal is
amplified by a Power Amplifier (PA). The amplified RF signal is transmitted through
an antenna included in the electronic device 1500.

In accordance with an implementation method, the transceiving unit 1510 is
configured to perform an operation for receiving a signal. If the electronic device 1500
performs an operation for receiving a signal, the transceiving unit 1510 may be
configured to filter and down-convert a signal received through an antenna, and may
be configured to demodulate the down-converted signal in a baseband.

The control unit 1520 may include one processor core or include a plurality of
processor cores. In some exemplary embodiments, the control unit 1520 may include a
multi core such as a dual core, a quad core, a hexa core, etc. In some other exemplary
embodiments, the control unit 1520 may further include a cache memory that is located
inside or outside.

To perform various functions of the electronic device 1500, the control unit 1520
may be operatively combined with the other constituent elements. In some exemplary
embodiments, the control unit 1520 is configured to control the transceiving unit 1510
in order to process a transmitted signal. In some other exemplary embodiments, the
control unit 1520 is configured to store a received signal or data in the storage unit
1530, or read or load.

The storage unit 1530 may include at least one of a volatile memory or a nonvolatile
memory. The nonvolatile memory may include a Read Only Memory (ROM), a Pro-
grammable ROM (PROM), an Electrically Programmable ROM (EPROM), an Elec-
trically Erasable PROM (EEPROM), a flash memory, a Phase-change RAM (PRAM),
a Magnetic RAM (MRAM), a Resistive RAM (RRAM), a Ferroelectric RAM
(FRAM), etc. The volatile memory may include at least one of various memories such
as a Dynamic RAM (DRAM), a Static RAM (SRAM), a Synchronous DRAM
(SDRAM), a Phase-change RAM (PRAM), a Magnetic RAM (MRAM), a Resistive
RAM (RRAM), a Ferroelectric RAM (FRAM), etc. Also, the storage unit 1530 may
include nonvolatile media such as a Hard Disk Drive (HDD), a Solid State Disk (SSD),
an embedded MultiMedia Card (eMMC), and a Universal Flash Storage (UFS).

The CRC encoding unit 1540 and the polar encoding unit 1550 are configured to
perform various operations for polar encoding. For description convenience, FIG. 15
illustrates that the CRC encoding unit 1540 and the polar encoding unit 1550 perform
independent functions respectively, but in accordance with an implementation method,
the CRC encoding unit 1540 and the polar encoding unit 1550 may be configured as
one hardware or one software. Also, in accordance with an implementation method,

the CRC encoding unit 1540 and the polar encoding unit 1550 may be located outside
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the control unit 1520, or may be located inside the control unit 1520.

The CRC encoding unit 1540 is configured to perform various operations for CRC
encoding. In some exemplary embodiments, the CRC encoding unit 1540 is configured
generate a majority of bit groups by dividing input information bits into a predefined
count. The predefined count may be decided based on at least one of a length of the
input information bit sequence and a coding rate. Also, the CRC encoding unit 1540 is
configured to generate one CRC codeword by performing the CRC encoding on each
of the majority of bit groups.

The CRC encoding unit 1540 is configured to perform the CRC encoding in ac-
cordance with various schemes. For example, the CRC encoding unit 1540 may be
configured to generate a 1st CRC codeword by performing CRC encoding on the first
bit group among the majority of bit groups, and generate a 2nd CRC codeword by
performing CRC encoding on the second bit group among the majority of bit groups.
The CRC encoding unit 1540 may be configured to generate one CRC codeword by
concatenating the 1st CRC codeword and the 2nd CRC codeword.

For another example, the CRC encoding unit 1540 may be configured to generate a
Ist CRC codeword by performing CRC encoding on the first bit group among the
majority of bit groups, and generate one CRC codeword by concatenating the second
bit group among the majority of bit groups and the 1st CRC codeword and performing
CRC encoding for the 1st CRC codeword that the second bit group is concatenated
with.

For description convenience, only a CRC encoding operation for the first bit group
and the second bit group among the majority of bit groups has been described, but the
CRC encoding unit 1540 may perform the CRC encoding on all the majority of bit
groups in accordance with the above scheme.

The polar encoding unit 1550 is configured to generate a polar codeword by
performing polar encoding on the CRC codeword in accordance with various schemes.
The generated polar codeword is transmitted from the electronic device 1500 through
the transceiving unit 1510.

FIG. 15 illustrates that the CRC encoding unit 1540 and the polar encoding unit 1550
perform the CRC encoding and the polar encoding, but the CRC encoding unit 1540
and the polar encoding unit 1550 are configured to perform CRC check and encoding
of a polar code respectively when the electronic device 1500 performs a function of
receiving a signal like the receiving device 120.

In some exemplary embodiments, the polar encoding unit 1550 is configured to
decide a 1st candidate group by decoding a bit value corresponding to one index that is
selected among a majority of indexes. The majority of indexes correspond to a

majority of bits that are included in an input information bit sequence. Also, the polar
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encoding unit 1550 is configured to decide a 2nd candidate group passing the CRC
check among the 1st candidate group.

Also, the polar encoding unit 1550 is configured to divide the indexes into a 1st
group of high channel capacity and a 2nd group of low channel capacity, based on a
channel capacity. If one index that is selected for decoding among the indexes is
included in the Ist group, the polar encoding unit 1550 is configured to decide the
number of candidates included in the 1st candidate group related with the selected
index, based on a result of a CRC check performed prior to the above CRC check.

In some exemplary embodiments, the CRC encoding unit 1540 is configured to
decide a 2nd candidate group passing the CRC check among the 1st candidate group.
Also, the CRC encoding unit 1540 is configured to decide one candidate among a
majority of candidates that are included in the 2nd candidate group, based on a metric.
The metric may correspond to a likelihood or an LLR. The CRC encoding unit 1540 is
configured to decide, by the bit values corresponding to the indexes, one candidate of
highest likelihood or LLLR among the majority of candidates included in the 2nd
candidate group. Also, the CRC encoding unit 1540 is configured to, if the 1st
candidate group of one index group among the majority of index groups is decided,
perform the CRC check, and decide the 2nd candidate group passing the CRC check.
Also, the CRC encoding unit 1540 is configured to, if the 1st candidate group of the
last index group among the majority of index groups is decided, perform the CRC
check, and decide the 2nd candidate group passing the CRC check, and decide, by the
bit values corresponding to the indexes, one candidate among the majority of
candidates included in the 2nd candidate group, based on the metric. Also, the CRC
encoding unit 1540 is configured to terminate the decoding operation if the number of
candidates included in the 2nd candidate group is zero after the CRC check.

As mentioned earlier, the CRC encoding unit 1540 and the polar encoding unit 1550
may be configured to perform the aforementioned operations independently of the
control unit 1520, but if the CRC encoding unit 1540 and the polar encoding unit 1550
are located within the control unit 1520, the control unit 1520 may be configured to
control the aforementioned operations of the CRC encoding unit 1540 and the polar
encoding unit 1550.

FIGs. 16A and 16B illustrate the error rate performance of a CRC polar code
technology according to one exemplary embodiment. FIGs. 16A and 16B are to
compare error rate performance and complexity compared to an SCRC polar code
technology and an MCRC polar code technology, respectively.

FIG. 16A illustrates a result of setting a length of a polar code N = 1024, a length of
an input information bit K = 512, and the number of decoding paths L =32 and

measuring the performance of a block error rate. Referring to FIG. 16A, a horizontal
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axis of a graph 1600 denotes a bit energy for a noise power density of a signal received
by the receiving device 120. The unit of the bit energy is decibel (dB). A vertical axis
of the graph 1600 denotes a BLock Error Rate (BLER) of a signal received by the
receiving device 120. Reference numerals 1600-a to 1600-d included in the graph 1600
each denote the block error rate performance of an operation method that applies a
CRC code of 16 bits in accordance with various schemes. The reference numeral
1600-a denotes the block error rate performance of an operation method that applies a
single CRC code of a length of 16 bits. The reference numeral 1600-a denotes the
block error rate performance of an operation method that generates four CRC codes of
a length of 4 bits and applies a multiple CRC code. The reference numeral 1600-c
denotes the block error rate performance of an operation method that applies a multiple
CRC code by generating two CRC codes of a length of 8 bits. The reference numeral
1600-d denotes the block error rate performance of an operation method that applies a
multiple CRC code by generating two CRC codes of a length of 4 bits and one CRC
code of a length of 8 bits. In a case of the reference numeral 1600-d, after the receiving
device 120 divides indexes of input information bits into two groups in accordance
with a channel capacity, the receiving device 120 maintains the number of decoding
paths for a group of high channel capacity, and increases or decreases the number of
decoding paths for a group of low channel capacity. Similarly with the reference
numeral 1600-a, the reference numeral 1600-d denotes the block error rate per-
formance. In contrast, the reference numeral 1600-b and the reference numeral 1600-c
denote a higher block error rate performance than the reference numeral 1600-a. In
other words, the graph 1600 shows that the error rate performance of the operation
method constantly applying the multiple CRC code causes degenerated performance
compared to the operation method applying the single CRC code, whereas the
operation method applying the CRC code by dividing by two groups represents similar
error rate performance with the operation method applying the single CRC code.

The operation complexity for each of the operation methods is given as follows.

Table 1

Technique Operation complexity compared to SCRC
CRC 16 bits 100%
CRC 4+4+4+4 bits | 99.6%
CRC 8+8 bits 99.7%
CRC 4+4-+8 bits 76.1%

Referring to Table 1, assuming that the operation complexity of the operation method
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applying the single CRC code is 100%, the operation complexity of the operation
method applying the multiple CRC code is lower than the operation complexity of the
operation method applying the single CRC code. But, a difference of the operation
complexity of the operation method constantly applying the CRC code and the
operation complexity of the operation method applying the single CRC code was less
than 1%, whereas the operation complexity of the operation method adaptively
applying the CRC code was decreased 20% or more.

Referring to FIG. 16B, a graph 1650 shows a result of measuring block error rate
performance by setting a length of a polar code N = 2048, a length of an input in-
formation bit K = 1024, and the number of decoding paths L = 32. Identically with the
reference numerals included in the graph 1600, reference numerals 1650-a to 1650-d
included in the graph 1650 denote the block error rate performance of an operation
method applying a single CRC code of a length of 16 bits, an operation method
applying a multiple CRC code by generating four CRC codes of a length of 4 bits, an
operation method applying a multiple CRC code by generating two CRC codes of a
length of § bits, and an operation method applying a multiple CRC code by generating
two CRC codes of a length of 4 bits and one CRC code of a length of 8bits, re-

spectively. The operation complexity for each of the operation methods is given as

follows.
Table 2
Technique Operation complexity compared to SCRC
CRC 16 bits 100%
CRC 4+4+4+4 bits | 99.7%
CRC 8+8 bits 99.8%
CRC 4+4+8 bits 81.1%

The graph 1650 and Table 2 all show similar measurement results with the graph
1600 and Table 1. In other words, even if a length of a polar code and a length of an
input information bit are changed, the operation method adaptively applying the
multiple CRC code provides similar block error rate performance with the operation
method applying the single CRC code. Also, the operation method adaptively applying
the multiple CRC code provides a low operation complexity compared to the operation
method applying the single CRC code and the operation method applying the multiple
CRC code.

Methods according to exemplary embodiments mentioned in claims or specification

of the present disclosure may be implemented in the form of hardware, software, or a
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combination of the hardware and the software. If the methods are implemented by
software, a computer-readable storage medium storing one or more programs (i.e.,
software modules) may be provided. The one or more programs stored in the
computer-readable storage medium are configured to be executable by one or more
processors within an electronic device. The one or more programs include instructions
for enabling the electronic device to execute the methods according to the exemplary
embodiments stated in the claims or specification of the present disclosure.

This program (i.e., a software module and software) may be stored in a Random
Access Memory (RAM), a non-volatile memory including a flash memory, a Read
Only Memory (ROM), an Electrically Erasable Programmable Read Only Memory
(EEPROM), a magnetic disc storage device, a Compact Disc-ROM (CD-ROM), a
Digital Versatile Disc (DVD) or an optical storage device of another form, and a
magnetic cassette. Or, the program may be stored in a memory that is constructed in
combination of some or all of them. Also, each constructed memory may be included
in plural as well.

Further, the program may be stored in an attachable storage device that may gain
access through a communication network such as the Internet, an intranet, a Local
Area Network (LAN), a Wireless LAN (WLAN) or a Storage Area Network (SAN), or
a communication network constructed in combination of them. This storage device
may connect to a device performing an exemplary embodiment of the present
disclosure through an external port. Also, a separate storage device on the commu-
nication network may connect to the device performing the exemplary embodiment of
the present disclosure.

In the aforementioned concrete exemplary embodiments of the present disclosure,
constituent elements included in the disclosure have been expressed in a singular form
or plural form in accordance to a proposed concrete exemplary embodiment. But, the
expression of the singular form or plural form is selected suitable to a proposed
situation for description convenience, and it is not that the present disclosure is limited
to singular or plural constituent elements. Even a constituent element expressed in the
plural form may be constructed in the singular form, or even a constituent element
expressed in the singular form may be constructed in the plural form.

By maintaining the number of decoding paths in encoding and decoding with a CRC
and a polar code, exemplary embodiments of the present disclosure may decrease the
number of operations.

Although the present disclosure has been described with an exemplary embodiment,
various changes and modifications may be suggested to one skilled in the art. It is
intended that the present disclosure encompass such changes and modifications as fall

within the scope of the appended claims.
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In the above-described detailed embodiments of the present disclosure, a component
included in the present disclosure is expressed in the singular or the plural according to
a presented detailed embodiment. However, the singular form or plural form is selected
for convenience of description suitable for the presented situation, and various em-
bodiments of the present disclosure are not limited to a single element or multiple
elements thereof. Further, either multiple elements expressed in the description may be
configured into a single element or a single element in the description may be
configured into multiple elements.

Embodiments of the present invention according to the claims and description in the
specification can be realized in the form of hardware, software or a combination of
hardware and software.

Such software may be stored in a computer readable storage medium. The computer
readable storage medium stores one or more programs (software modules), the one or
more programs comprising instructions, which when executed by one or more
processors in an electronic device, cause the electronic device to perform methods of
the present invention.

Such software may be stored in the form of volatile or non-volatile storage such as,
for example, a storage device like a Read Only Memory (ROM), or in the form of
memory such as, for example, Random Access Memory (RAM), memory chips, device
or integrated circuits or on an optically or magnetically readable medium such as, for
example, a Compact Disc (CD), Digital Video Disc (DVD), magnetic disk or magnetic
tape or the like. It will be appreciated that the storage devices and storage media are
embodiments of machine-readable storage that are suitable for storing a program or
programs comprising instructions that, when executed, implement embodiments of the
present invention. Embodiments provide a program comprising code for implementing
apparatus or a method as claimed in any one of the claims of this specification and a
machine-readable storage storing such a program. Still further, such programs may be
conveyed electronically via any medium such as a communication signal carried over a

wired or wireless connection and embodiments suitably encompass the same.
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Claims

A receiving device in a wireless system, the receiving device
comprising:

a transceiver configured to receive a signal from a transmitting device;
and

at least one processor operatively combined with the transceiver,
wherein the at least one processor is configured to:

receive a polar codeword generated by a polar code,

generate a majority of decoding paths by decoding a bit value corre-
sponding to one index that is selected among a majority of indexes in-
dicating respective bits included in the polar codeword,

determine a first candidate group that includes at least one decoding
path among the majority of decoding paths, and

determine, as a second candidate group, at least one decoding path
passing a cyclic redundancy check (CRC) check among the first
candidate group,

wherein a number of the at least one decoding path included in the first
candidate group is determined based on a result of a CRC check
performed prior to the CRC check.

The receiving device of claim 1, wherein the polar codeword is divided
into a majority of index groups, and

the CRC check is performed on a per-divided-index-group basis.

The receiving device of claim 2, wherein a number of the majority of
index groups is determined based on a length of the polar codeword
and a coding rate.

The receiving device of claim 2, wherein the at least one processor is
further configured to:

if the first candidate group of the last index group among the majority
of index groups is determined, perform the CRC check for the at least
one decoding path included in the first candidate group of the last index
group,

determine, as a second candidate group, the at least one decoding path
passing the CRC check among the first candidate group of the last
index group, and

if a number of decoding paths passing the CRC check is two or more,
determine, as a final decoding result, one decoding path among the two

or more decoding paths based on a metric.
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The receiving device of claim 4, wherein the metric corresponds to a
likelihood or a log likelihood ratio (LLR), and

wherein the at least one processor is configured to determine one
decoding path of the highest likelihood or LLR among the two or more
decoding paths included in the second candidate group.

The receiving device of claim 1, wherein the at least one processor is
further configured to, if a number of decoding paths included in the
second candidate group is zero after the CRC check, terminate the
decoding.

The receiving device of claim 1, wherein the majority of indexes are
classified into a first group and a second group based on a channel
capacity, and

if the selected one index is comprised in the first group, the at least one
processor is configured to determine the number of the at least one
decoding path included in the first candidate group based on a result of
a CRC check performed prior to the CRC check.

The receiving device of claim 7, wherein if one index that is selected
for the decoding among the majority of indexes is comprised in the
second group, the at least one processor is configured to determine the
number of at least one decoding path included in the first candidate
group based on a predefined reference value.

The receiving device of claim 1, wherein a number of at least one
decoding path included in the second candidate group is a number of all
decoding paths passing the CRC check or the number of decoding paths
selected as many as a predefined count among the decoding paths
passing the CRC check.

The receiving device of claim 1, wherein the at least one processor is
further configured to:

measure a metric of decoding paths that are generated by a CRC check
performed prior to the CRC check,

if the measured metric is equal to or is greater than a predefined
threshold value, determine a number of decoding paths for the selected
index based on a result of a CRC check performed prior to the CRC
check, and

if the measured metric is less than the predefined threshold value,
determine the number of decoding paths for the selected index based on
a predefined reference value.

A transmitting device in a wireless system, the transmitting device
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comprising:

a transceiver configured to perform communication with a receiving
device; and

at least one processor operatively combined with the transceiver,
wherein the at least one processor is configured to:

generate a majority of bit groups by dividing input information bits
every predefined count,

generate a first CRC codeword by performing CRC encoding on a first
bit group among the majority of bit groups,

concatenate a second bit group among the majority of bit groups and
the first CRC codeword, and

generate a second CRC codeword by performing the CRC encoding on
the first CRC codeword that the second bit group is concatenated with.
The transmitting device of claim 11, wherein the predefined count is
determined based on a length of the input information bits and a coding
rate.

A method for operating a transmitting device in a wireless system, the
method comprising:

generating a majority of bit groups by dividing input information bits
every predefined count;

generating a first CRC codeword by performing CRC encoding on a
first bit group among the majority of bit groups;

concatenating a second bit group among the majority of bit groups and
the first CRC codeword; and

generating a second CRC codeword by performing the CRC encoding
on the first CRC codeword that the second bit group is concatenated
with.

The method of claim 13, wherein the predefined count is determined

based on a length of the input information bits and a coding rate.
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