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(54) POLAR CODE ENCODING AND DECODING METHOD, APPARATUS AND DEVICE

(57) The present disclosure provides a polar code
coding method, a polar code decoding method, appara-
tus and device. The polar code coding method includes:
obtaining a plurality of CRC check bits; determining in-
terleaved padding positions in a to-be-coded sequence;
filling a first predetermined number of CRC check bits of
the plurality of CRC check bits into the interleaved pad-

ding positions in the to-be-coded sequence in an inter-
leaving manner; and performing polar coding on the
to-be-coded sequence that is filled with the predeter-
mined number of CRC check bits in interleaving manner,
and transmitting a coded sequence to a receiving end.
The first predetermined number is less than or equal to
a total number of the plurality of CRC check bits.
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Description

CROSS-REFERENCE TO RELATED APPLICATION

[0001] This application claims the benefit and priority
of Chinese Application No. 201711292496.4, filed on De-
cember 8, 2017, the disclosures of which are incorporat-
ed in their entirety by reference herein.

TECHNICAL FIELD

[0002] The present disclosure relates to the field of
communication technologies, and in particular, to a polar
code coding method, a polar code decoding method, ap-
paratus and device.

BACKGROUND

[0003] Polar code is currently the only channel coding
that may reach the Shannon limit in theory, and has low
coding and decoding complexity. Once proposed, it has
attracted wide attention in academia and industry. The
3rd Generation Partnership Project (3GPP), which is the
international standardization organization for mobile
communication, has determined the polar code as the
control channel coding scheme for the 5G Enhance Mo-
bile Broadband (eMBB) scenario.
[0004] FIG. 1 shows a polar code coding scheme in
the related art. An information bit sequence of length K
is first generated by adding Cyclic Redundancy Check
(CRC) check bit to payload of downlink (uplink) channel.
Then, according to the order from front to back, informa-
tion bits are filled into a coding sequence with a mother
code length of N. Extra bits in the mother code are filled
with 0, which are referred as frozen bits; and K/N is re-
ferred as a code rate.
[0005] According to the 3GPP agreement, the CRC
check bit length of downlink control channel is 24; the
CRC 16 of length 11 may be increased for uplink control
channel according to transmission block length; and the
coded mother code length N is 256 or 512.
[0006] FIG. 2 shows a polar code decoding scheme
(with the mother code length N being 8) described by a
complete binary tree in the related art. The top layer of
the binary tree is a sequence of soft bits received by a
decoder, and soft bit values are updated by successive
halving (referred to as α operation) from the top to the
bottom, until a node 7 in a lowest layer (layer 0).After
path selection is performed on the node 7, a soft bit value
of a node 8 is updated according to a hard decision result
of the selected path, path split is performed on the node
8, and the hard decision result is fed back to an upper
layer (referred to as β operation). And so on, until the
node 7 to a node 14 (referred to as leaf nodes) are all
traversed.
[0007] In the decoding process, since updating of the
soft bit value of the latter node depends on the hard de-
cision result of the path selection of the former node, the

parallel algorithm cannot be used, which results in that
the decoding of polar codes has a large decoding delay
and a large decoding complexity.

SUMMARY

[0008] In view of this, the present disclosure provides
a polar code coding method, a polar code decoding meth-
od, apparatus, device, and a computer readable storage
medium, which can reduce the delay and complexity in
decoding polar codes.
[0009] In order to solve the above technical problem,
in a first aspect, one embodiment of the present disclo-
sure provides a polar code coding method, including: ob-
taining a plurality of CRC check bits; determining inter-
leaved padding positions in a to-be-coded sequence; fill-
ing a first predetermined number of CRC check bits of
the plurality of CRC check bits into the interleaved pad-
ding positions in the to-be-coded sequence in an inter-
leaving manner; and performing polar coding on the to-
be-coded sequence that is filled with the predetermined
number of CRC check bits in interleaving manner, and
transmitting a coded sequence to a receiving end. The
first predetermined number is less than or equal to a total
number of the plurality of CRC check bits.
[0010] The filling a first predetermined number of CRC
check bits of the plurality of CRC check bits into the in-
terleaved padding positions in the to-be-coded sequence
in an interleaving manner, includes:

coalescing a complete binary tree corresponding to
a polar codeword into a minimum incomplete binary
tree, and determining to-be-processed nodes in the
minimum incomplete binary tree, wherein the to-be-
processed nodes include at least one type of nodes
among RateO node, Ratel node, REP node or SPC
node;
interleaving the CRC check bit in the first predeter-
mined number of CRC check bits to a position of a
last bit in a bit sequence of any one of the to-be-
processed nodes;
according to a padding position where an interleaved
CRC check bit is located, determining a CRC check
bit value of the interleaved CRC check bit at the pad-
ding position and filling the value to the padding po-
sition.

[0011] An interleaved padding position L meets the fol-
lowing conditions: L = 2N1 + 2N2 + ··· 2Nn, wherein N1 ...
Nn are arbitrary integers;
a first CRC check bit that is filled into a first padding po-
sition in an interleaving manner, is generated by all bits
preceding the first padding position in the to-be-coded
sequence;
a second CRC check bit that is filled into an X-th padding
position except for the first padding position, is generated
by all bits which are between a CRC check bit at a (X-
1)-th padding position and the X-th padding position; or,
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the second CRC check bit that is filled into the X-th pad-
ding position except for the first padding position, is gen-
erated by all bits which are between the CRC check bit
at the (X-1)-th padding position and the X-th padding po-
sition as well as a third predetermined number of bits
preceding the (X-1)-th padding position; wherein the third
predetermined number is less than or equal to a total
number of bits preceding the (X-1)-th padding position;
wherein X is an integer greater than two.
[0012] The coalescing a complete binary tree corre-
sponding to a polar codeword into a minimum incomplete
binary tree, and determining to-be-processed nodes in
the minimum incomplete binary tree, wherein the to-be-
processed nodes include at least one type of nodes
among RateO node, Ratel node, REP node or SPC node,
includes:

in a first layer of the complete binary tree, if both two
child nodes of a first target node are frozen bits, de-
termining the first target node as a RateO node; if
both two child nodes of the first target node are in-
formation bits, determining the first target node as a
Ratel node; if a left child node of the first target node
is a frozen bit and a right child node of the first target
node is an information bit, determining the first target
node as an REP node; if the left child node of the
first target node is an information bit and a right child
node of the first target node is a frozen bit, determin-
ing the first target node as a node that is not of the
four types;
in a second layer of the complete binary tree, if both
two child nodes of a second target node are RateO
nodes, determining the second target node as a
RateO node; if both two child nodes of the second
target node are Ratel nodes, determining the second
target node as a Ratel node; if a left child node of
the second target node is a RateO node and a right
child node of the second target node is an REP node,
determining the second target node as an REP node;
if the left child node of the second target node is an
REP node and the right child node of the first target
node is a Ratel node, determining the second target
node as an SPC node; otherwise, determining the
second target node as a node that is not of the four
types;
for each layer of a third layer to a topmost layer of
the complete binary tree from bottom to top, if both
two child nodes of a third target node are RateO
nodes, determining the third target node as a RateO
node; if both two child nodes of the third target node
are Ratel nodes, determining the third target node
as a Ratel node; if a left child node of the third target
node is a RateO node and a right child node of the
third target node is an REP node, determining the
third target node as an REP node; if the left child
node of the third target node is an SPC node and
the right child node of the third target node is a Ratel
node, determining the third target node as an SPC

node; otherwise, determining the third target node
as a node that is not of the four types.

[0013] The method further includes: transmitting infor-
mation of the interleaved padding positions to the receiv-
ing end; or, pre-arranging the information of the inter-
leaved padding positions with the receiving end.
[0014] In a second aspect, one embodiment of the
present disclosure provides a polar code decoding meth-
od, including:

receiving a coded sequence transmitted by a trans-
mitting end;
obtaining information of an interleaved padding po-
sition of a CRC check bit in the coded sequence; and
decoding the coded sequence according to the in-
formation of the interleaved padding position.

[0015] The decoding the coded sequence according
to the information of the interleaved padding position,
includes:

according to the coded sequence, coalescing a de-
coding binary tree corresponding to the coded se-
quence into a minimum incomplete binary tree, and
determining to-be-processed nodes in the minimum
incomplete binary tree, wherein the to-be-processed
nodes include at least one type of nodes among
RateO node, Ratel node, REP node or SPC node;
and
decoding the to-be-processed nodes according to
the information of the interleaved padding position.

[0016] The decoding the to-be-processed nodes ac-
cording to the information of the interleaved padding po-
sition, includes:

performing updating soft bit value calculation and
feedback calculation of the hard decision result for
the to-be-processed node;
when determining that the to-be-processed node is
filled with a CRC check bit in interleaving manner
according to the information of the interleaved pad-
ding position, performing CRC check on a first bit in
a hard decision result of the to-be-processed node;
reserving a decoding path corresponding to the to-
be-processed node when the CRC check is success-
ful, and deleting a decoding path corresponding to
the to-be-processed node when the CRC check is
unsuccessful; and
ending decoding when decoding paths of all the to-
be-processed nodes are deleted.

[0017] The obtaining information of an interleaved pad-
ding position of a CRC check bit in the coded sequence,
includes:

receiving the information of the interleaved padding
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position of the CRC check bit in the coded sequence
transmitted by the transmitting end; or,
obtaining the information of the interleaved padding
position of the CRC check bit in the coded sequence
according to a pre-agreement with the transmitting
end.

[0018] In a third aspect, one embodiment of the present
disclosure provides a polar code coding apparatus in-
cluding:

an obtaining module configured to obtain a plurality
of CRC check bits;
a determining module configured to determine inter-
leaved padding positions in a to-be-coded se-
quence;
an interleaving-filling module configured to fill a first
predetermined number of CRC check bits of the plu-
rality of CRC check bits into the interleaved padding
positions in the to-be-coded sequence in an inter-
leaving manner;
a transmission module configured to perform polar
coding on the to-be-coded sequence that is filled with
the predetermined number of CRC check bits in in-
terleaving manner and transmit a coded sequence
to a receiving end;
wherein the first predetermined number is less than
or equal to a total number of the plurality of CRC
check bits.

[0019] The interleaving-filling module includes:

a first processing sub-module configured to coalesce
a complete binary tree corresponding to a polar
codeword into a minimum incomplete binary tree,
and determine to-be-processed nodes in the mini-
mum incomplete binary tree, wherein the to-be-proc-
essed nodes include at least one type of nodes
among RateO node, Ratel node, REP node or SPC
node;
a determining sub-module configured to interleave
the CRC check bits in the first predetermined number
of CRC check bits to a position of a last bit in a bit
sequence of any one of the to-be-processed nodes;
an interleaving-filling sub-module configured to, ac-
cording to a padding position where an interleaved
CRC check bit is located, determine a CRC check
bit value of the interleaved CRC check bit at the pad-
ding position and fill the value to the padding position.

[0020] An interleaved padding position L meets the fol-
lowing conditions: L = 2N1 + 2N2 + ··· 2Nn, wherein N1 ...
Nn are arbitrary integers;

a first CRC check bit that is filled into a first padding
position in an interleaving manner, is generated by
all bits preceding the first padding position in the to-
be-coded sequence;

a second CRC check bit that is filled into an X-th
padding position except for the first padding position,
is generated by all bits which are between a CRC
check bit at a (X-1)-th padding position and the X-th
padding position; or, the second CRC check bit that
is filled into the X-th padding position except for the
first padding position, is generated by all bits which
are between the CRC check bit at the (X-1)-th pad-
ding position and the X-th padding position as well
as a third predetermined number of bits preceding
the (X-1)-th padding position; wherein the third pre-
determined number is less than or equal to a total
number of bits preceding the (X-1)-th padding posi-
tion; wherein X is an integer greater than two.

[0021] The first processing sub-module is configured
to,
in a first layer of the complete binary tree, if both two child
nodes of a first target node are frozen bits, determine the
first target node as a RateO node; if both two child nodes
of the first target node are information bits, determine the
first target node as a Ratel node; if a left child node of
the first target node is a frozen bit and a right child node
of the first target node is an information bit, determine
the first target node as an REP node; if the left child node
of the first target node is an information bit and a right
child node of the first target node is a frozen bit, determine
the first target node as a node that is not of the four types;
in a second layer of the complete binary tree, if both two
child nodes of a second target node are RateO nodes,
determine the second target node as a RateO node; if
both two child nodes of the second target node are Ratel
nodes, determine the second target node as a Ratel
node; if a left child node of the second target node is a
RateO node and a right child node of the second target
node is an REP node, determine the second target node
as an REP node; if the left child node of the second target
node is an REP node and the right child node of the first
target node is a Ratel node, determine the second target
node as an SPC node; otherwise, determine the second
target node as a node that is not of the four types;
for each layer of a third layer to a topmost layer of the
complete binary tree from bottom to top, if both two child
nodes of a third target node are RateO nodes, determine
the third target node as a RateO node; if both two child
nodes of the third target node are Ratel nodes, determine
the third target node as a Ratel node; if a left child node
of the third target node is a RateO node and a right child
node of the third target node is an REP node, determine
the third target node as an REP node; if the left child node
of the third target node is an SPC node and the right child
node of the third target node is a Ratel node, determine
the third target node as an SPC node; otherwise, deter-
mine the third target node as a node that is not of the
four types.
[0022] In a fourth aspect, one embodiment of the
present disclosure provides a polar code decoding ap-
paratus including:
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a receiving module configured to receive a coded
sequence transmitted by a transmitting end;
an obtaining module configured to obtain information
of an interleaved padding position of a CRC check
bit in the coded sequence; and
a decoding module configured to decode the coded
sequence according to the information of the inter-
leaved padding position.

[0023] The decoding module includes:

a second processing sub-module configured to, ac-
cording to the coded sequence, coalesce a decoding
binary tree corresponding to the coded sequence
into a minimum incomplete binary tree, and deter-
mine to-be-processed nodes in the minimum incom-
plete binary tree, wherein the to-be-processed
nodes include at least one type of nodes among
RateO node, Ratel node, REP node or SPC node;
and
a decoding sub-module configured to decode the to-
be-processed nodes according to the information of
the interleaved padding position.

[0024] The decoding sub-module includes:

a calculating unit configured to perform updating soft
bit value calculation and feedback calculation of hard
decision result for the to-be-processed node;
a check unit configured to, when determining that
the to-be-processed node is filled with a CRC check
bit in interleaving manner according to the informa-
tion of the interleaved padding position, perform
CRC check on a first bit in the hard decision result
of the to-be-processed node;
a first processing unit configured to reserve a decod-
ing path corresponding to the to-be-processed node
when the CRC check is successful, and delete a de-
coding path corresponding to the to-be-processed
node when the CRC check is unsuccessful; and
a second processing unit configured to end decoding
when decoding paths of all the to-be-processed
nodes are deleted.

[0025] In a fifth aspect, one embodiment of the present
disclosure provides a polar code coding device including:
a transceiver, a memory, a processor and a computer
program stored on the memory and executable on the
processor;
wherein the processor is configured to read the program
in the memory to perform the following process: obtaining
a plurality of CRC check bits; determining interleaved
padding positions in a to-be-coded sequence; filling a
first predetermined number of CRC check bits of the plu-
rality of CRC check bits into the interleaved padding po-
sitions in the to-be-coded sequence in an interleaving
manner; performing polar coding on the to-be-coded se-
quence that is filled with the predetermined number of

CRC check bits in interleaving manner;
the transceiver is configured to transmit a coded se-
quence to a receiving end;
the first predetermined number is less than or equal to a
total number of the plurality of CRC check bits.
[0026] The processor is configured to read the program
in the memory to perform the following process:

coalescing a complete binary tree corresponding to
a polar codeword into a minimum incomplete binary
tree, and determining to-be-processed nodes in the
minimum incomplete binary tree, wherein the to-be-
processed nodes include at least one type of nodes
among RateO node, Ratel node, REP node or SPC
node;
interleaving the CRC check bits in the first predeter-
mined number of CRC check bits to a position of a
last bit in a bit sequence of any one of the to-be-
processed nodes;
according to a padding position where an interleaved
CRC check bit is located, determining a CRC check
bit value of the interleaved CRC check bit at the pad-
ding position and filling the value to the padding po-
sition.

[0027] An interleaved padding position L meets the fol-
lowing conditions: L = 2N1 + 2N2 + ··· 2Nn, wherein N1 ...
Nn are arbitrary integers;
a first CRC check bit that is filled into a first padding po-
sition in an interleaving manner, is generated by all bits
preceding the first padding position in the to-be-coded
sequence;
a second CRC check bit that is filled into an X-th padding
position except for the first padding position, is generated
by all bits which are between a CRC check bit at a (X-
1)-th padding position and the X-th padding position; or,
the second CRC check bit that is filled into the X-th pad-
ding position except for the first padding position, is gen-
erated by all bits which are between the CRC check bit
at the (X-1)-th padding position and the X-th padding po-
sition as well as a third predetermined number of bits
preceding the (X-1)-th padding position; wherein the third
predetermined number is less than or equal to a total
number of bits preceding the (X-1)-th padding position;
wherein X is an integer greater than two.
[0028] The processor is configured to read the program
in the memory to perform the following process:

in a first layer of the complete binary tree, if both two
child nodes of a first target node are frozen bits, de-
termining the first target node as a RateO node; if
both two child nodes of the first target node are in-
formation bits, determining the first target node as a
Ratel node; if a left child node of the first target node
is a frozen bit and a right child node of the first target
node is an information bit, determining the first target
node as an REP node; if the left child node of the
first target node is an information bit and a right child
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node of the first target node is a frozen bit, determin-
ing the first target node as a node that is not of the
four types;
in a second layer of the complete binary tree, if both
two child nodes of a second target node are RateO
nodes, determining the second target node as a
RateO node; if both two child nodes of the second
target node are Ratel nodes, determining the second
target node as a Ratel node; if a left child node of
the second target node is a RateO node and a right
child node of the second target node is an REP node,
determining the second target node as an REP node;
if the left child node of the second target node is an
REP node and the right child node of the first target
node is a Ratel node, determining the second target
node as an SPC node; otherwise, determining the
second target node as a node that is not of the four
types;
for each layer of a third layer to a topmost layer of
the complete binary tree from bottom to top, if both
two child nodes of a third target node are RateO
nodes, determining the third target node as a RateO
node; if both two child nodes of the third target node
are Ratel nodes, determining the third target node
as a Ratel node; if a left child node of the third target
node is a RateO node and a right child node of the
third target node is an REP node, determining the
third target node as an REP node; if the left child
node of the third target node is an SPC node and
the right child node of the third target node is a Ratel
node, determining the third target node as an SPC
node; otherwise, determining the third target node
as a node that is not of the four types.

[0029] The transceiver is further configured to transmit
information of the interleaved padding position to the re-
ceiving end; or, the processor is further configured to
read the program in the memory to perform the following
process: pre-arranging with the receiving end the infor-
mation of the interleaved padding position.
[0030] In a sixth aspect, one embodiment of the
present disclosure provides a polar code decoding de-
vice including: a transceiver, a memory, a processor and
a computer program stored on the memory and execut-
able on the processor. The transceiver is configured to
receive a coded sequence transmitted by a transmitting
end. The processor is configured to read the program in
the memory to perform the following process: obtaining
information of an interleaved padding position of a CRC
check bit in the coded sequence; and decoding a coded
sequence according to the information of the interleaved
padding position.
[0031] The processor is further configured to read the
computer program to perform the following process:

according to the coded sequence, coalescing a de-
coding binary tree corresponding to the coded se-
quence into a minimum incomplete binary tree, and

determining to-be-processed nodes in the minimum
incomplete binary tree, wherein the to-be-processed
nodes include at least one type of nodes among
RateO node, Ratel node, REP node or SPC node;
and
decoding the to-be-processed nodes according to
the information of the interleaved padding position.

[0032] The processor is further configured to read the
computer program to perform the following process:

performing updating soft bit value calculation and
feedback calculation of hard decision result for the
to-be-processed node;
when determining that the to-be-processed node is
filled with a CRC check bit in interleaving manner
according to the information of the interleaved pad-
ding position, performing CRC check on a first bit in
the hard decision result of the to-be-processed node;
reserving a decoding path corresponding to the to-
be-processed node when the CRC check is success-
ful, and deleting a decoding path corresponding to
the to-be-processed node when the CRC check is
unsuccessful; and
ending decoding when decoding paths of all the to-
be-processed nodes are deleted.

[0033] The transceiver is further configured to receive
the information of the interleaved padding position of the
CRC check bit in the coded sequence transmitted by the
transmitting end; or, the processor is further configured
to read the program in the memory to perform the follow-
ing process: receiving the information of the interleaved
padding position of the CRC check bit in the coded se-
quence according to a pre-agreement with the transmit-
ting end.
[0034] In a seventh aspect, one embodiment of the
present disclosure provides a computer readable storage
medium including a computer program stored thereon;
wherein the computer program is executed by a proces-
sor to implement steps of the method according to the
first aspect, or, the computer program is executed by the
processor to implement steps of the method according
to the second aspect.
[0035] The beneficial effects of the above technical so-
lutions of the present disclosure are as follows:
in one embodiment of the present disclosure, in the cod-
ing process, the CRC check bits are filled into the inter-
leaved padding position in the to-be-coded sequence in
interleaving manner, and then the to-be-coded sequence
is coded, so that when a decoding end performs decod-
ing, combination of decoding process and CRC check
process can be performed, thereby reducing decoding
delay and reducing decoding complexity.

BRIEF DESCRIPTION OF THE DRAWINGS

[0036] In order to illustrate technical solutions accord-
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ing to embodiments of the present disclosure more clear-
ly, drawings to be used in the description of the embod-
iments will be described briefly hereinafter. Apparently,
the drawings described hereinafter are only some em-
bodiments of the present disclosure, and other drawings
may be obtained by those skilled in the art according to
those drawings without creative work.

FIG. 1 is a schematic diagram of a polar code coding
scheme in the related art;
FIG. 2 is a schematic diagram of a complete binary
tree of a polar code decoding scheme in the related
art;
FIG. 3 is a flowchart of a polar code coding method
according to an embodiment of the present disclo-
sure;
FIG. 4 is a flowchart of a polar code decoding method
according to an embodiment of the present disclo-
sure;
FIG. 5 is a first schematic diagram of coding polar
codes according to an embodiment of the present
disclosure;
FIG. 6 is a second schematic diagram of coding polar
codes according to an embodiment of the present
disclosure;
FIG. 7 is a schematic diagram of a non-complete
binary tree of a decoding method according to an
embodiment of the present disclosure;
FIG. 8 is a schematic diagram of decoding polar
codes according to an embodiment of the present
disclosure;
FIG. 9 is a schematic diagram of a polar code coding
apparatus according to an embodiment of the
present disclosure;
FIG. 10 is a block diagram of a polar code coding
apparatus according to an embodiment of the
present disclosure;
FIG. 11 is a block diagram of a polar coded coding
apparatus according to an embodiment of the
present disclosure;
FIG. 12 is a schematic diagram of a polar code cod-
ing device according to an embodiment of the
present disclosure; and
FIG. 13 is a schematic diagram of a polar code de-
coding device according to an embodiment of the
present disclosure.

DETAILED DESCRIPTION

[0037] The technical solution of embodiments of the
present disclosure will be described hereinafter in a clear
and complete manner in conjunction with the drawings
and embodiments. Obviously, the following embodi-
ments are merely a part of, rather than all of, the embod-
iments of the present disclosure, and based on these
embodiments, a person skilled in the art may obtain the
other embodiments, which also fall within the scope of
the present disclosure.

[0038] As shown in FIG. 3, a polar code coding method
according to one embodiment of the present disclosure
includes the following steps.
[0039] Step 301: obtaining a plurality of CRC check
bits.
[0040] For a sequence input into an encoder, CRC cod-
ing is first performed to obtain a plurality of CRC check
bits.
[0041] Step 302: determining an interleaved padding
position in a to-be-coded sequence.
[0042] In one embodiment of the present disclosure,
the interleaved padding position meets the following con-
ditions:

(1) an interleaved padding position L meets the fol-
lowing condition:L = 2N1 + 2N2 + ··· 2Nn, where N1 ...
Nn are arbitrary integers;
(2) a first CRC check bit that is filled into a first pad-
ding position in an interleaving manner, is generated
by all bits preceding the first padding position in the
to-be-coded sequence;
(3) a second CRC check bit that is filled into an X-th
padding position except for the first padding position,
is generated by all bits which are between a CRC
check bit at a (X-1)-th padding position and the X-th
padding position; or, the second CRC check bit that
is filled into the X-th padding position except for the
first padding position, is generated by all bits which
are between the CRC check bit at the (X-1)-th pad-
ding position and the X-th padding position as well
as a third predetermined number of bits preceding
the (X-1)-th padding position. The third predeter-
mined number is less than or equal to a total number
of bits preceding the (X-1)-th padding position, where
X is an integer greater than two.

[0043] Step 303: filling a first predetermined number
of CRC check bits of the plurality of CRC check bits into
the interleaved padding position in the to-be-coded se-
quence in an interleaving manner.
[0044] Specifically, in this step, a complete binary tree
corresponding to a polar codeword is coalesced into a
minimum incomplete binary tree, and to-be-processed
nodes are determined in the minimum incomplete binary
tree. The to-be-processed nodes include at least one
type of nodes among RateO node, Ratel node, REP node
or SPC node. The CRC check bits in the first predeter-
mined number of CRC check bits are interleaved to a
position of the last bit in a bit sequence of any one of the
to-be-processed nodes; according to the padding posi-
tion where the interleaved CRC check bit is located, a
CRC check bit value of the interleaved CRC check bit at
the padding position is determined and the value is filled
to the padding position.
[0045] In the above process, when the complete binary
tree corresponding to the polar codeword is coalesced
into the minimum incomplete binary tree, the above types
of nodes are determined as follows:
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in a first layer of the complete binary tree, if both two
child nodes of a first target node are frozen bits, then
the first target node is determined as a RateO node;
if both two child nodes of the first target node are
information bits, then the first target node is deter-
mined as a Ratel node; if a left child node of the first
target node is a frozen bit and a right child node of
the first target node is an information bit, then the
first target node is determined as an REP node; if
the left child node of the first target node is an infor-
mation bit and a right child node of the first target
node is a frozen bit, then the first target node is de-
termined as a node that is not of the four types;
in a second layer of the complete binary tree, if both
two child nodes of a second target node are RateO
nodes, then the second target node is determined
as a RateO node; if both two child nodes of the sec-
ond target node are Ratel nodes, then the second
target node is determined as a Ratel node; if a left
child node of the second target node is a RateO node
and a right child node of the second target node is
an REP node, then the second target node is deter-
mined as an REP node; if the left child node of the
second target node is an REP node and the right
child node of the first target node is a Ratel node,
then the second target node is determined as an
SPC node; otherwise, the second target node is de-
termined as a node that is not of the four types;
for each layer of a third layer to a topmost layer of
the complete binary tree from bottom to top, if both
two child nodes of a third target node are RateO
nodes, then the third target node is determined as a
RateO node; if both two child nodes of the third target
node are Ratel nodes, then the third target node is
determined as a Ratel node; if a left child node of
the third target node is a RateO node and a right
child node of the third target node is an REP node,
then the third target node is determined as an REP
node; if the left child node of the third target node is
an SPC node and the right child node of the third
target node is a Ratel node, then the third target node
is determined as an SPC node; otherwise, the third
target node is determined as a node that is not of
the four types.

[0046] As described above, the first CRC check bit that
is filled into the first padding position in interleaving man-
ner, is generated by all bits preceding the first padding
position in the to-be-coded sequence.
[0047] The second CRC check bit that is filled into the
X-th padding position except for the first padding position,
is generated by all bits which are between the CRC check
bit at the (X-1)-th padding position and the X-th padding
position; or, the second CRC check bit that is filled into
the X-th padding position except for the first padding po-
sition, is generated by all bits which are between the CRC
check bit at the (X-1)-th padding position and the X-th
padding position as well as the third predetermined

number of bits preceding the (X-1)-th padding position.
The third predetermined number is less than or equal to
the total number of bits preceding the (X-1)-th padding
position.
[0048] The first CRC check bit and the second CRC
check bit both refer to any one of the CRC check bits.
[0049] Step 304: performing polar coding on the to-be-
coded sequence that is filled with the predetermined
number of CRC check bits in interleaving manner, and
transmitting a coded sequence to a receiving end.
[0050] In one embodiment of the present disclosure,
in the coding process, the CRC check bits are filled into
the interleaved padding position in the to-be-coded se-
quence in interleaving manner, and then the to-be-coded
sequence is coded, so that when a decoding end per-
forms decoding, combination of decoding process and
CRC check process can be performed, thereby reducing
decoding delay and reducing decoding complexity.
[0051] On the basis of the above embodiment, in order
to further improve the decoding efficiency and reduce the
decoding delay, the method may further include: trans-
mitting information of the interleaved padding position to
the receiving end; or, pre-arranging information of the
interleaved padding position with the receiving end.
[0052] As shown in FIG. 4, a polar code decoding meth-
od according to one embodiment of the present disclo-
sure includes the following steps.
[0053] Step 401: receiving a coded sequence trans-
mitted by a transmitting end.
[0054] Step 402: obtaining information of an inter-
leaved padding position of a CRC check bit in the coded
sequence.
[0055] Specifically, in this step, the information of the
interleaved padding position of the CRC check bit in the
coded sequence may be obtained according to a pre-
agreement with a transmitting end, or the information of
the interleaved padding position of the CRC check bit in
the coded sequence may be received from the transmit-
ting end.
[0056] Step 403: decoding the coded sequence ac-
cording to the information of the interleaved padding po-
sition.
[0057] In the decoding process, according to the coded
sequence, a decoding binary tree corresponding to the
coded sequence is coalesced into a minimum incomplete
binary tree, and to-be-processed nodes are determined
in the minimum incomplete binary tree. The to-be-proc-
essed nodes include at least one type of nodes among
RateO node, Ratel node, REP node or SPC node. The
coalescing process may refer to the coalescing process
in the step 303. Then, the to-be-processed node is de-
coded according to the information of the interleaved
padding position.
[0058] Specifically, when decoding, updating soft bit
value calculation and feedback calculation of the hard
decision result are performed for the to-be-processed
node. When it is determined that the to-be-processed
node is filled with a CRC check bit in interleaving manner
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according to the information of the interleaved padding
position, CRC check is performed on a first bit in the hard
decision result of the to-be-processed node. When the
CRC check is successful, a decoding path corresponding
to the to-be-processed node is reserved, otherwise, the
decoding path corresponding to the to-be-processed
node is deleted. If it is judged that decoding paths of all
to-be-processed nodes are deleted, the decoding ends.
[0059] It can be seen that combination of decoding and
CRC check is performed when decoding, thereby realiz-
ing early termination of a single decoding process during
a control channel blind detection process, greatly reduc-
ing total delay of control channel blind detection in 5G
systems and ensuring performance of detection termi-
nated early.
[0060] In one embodiment of the present disclosure,
in the coding process, the CRC check bits are filled into
the interleaved padding position in the to-be-coded se-
quence in interleaving manner, and then the to-be-coded
sequence is coded, so that when a decoding end per-
forms decoding, combination of decoding process and
CRC check process can be performed, thereby reducing
decoding delay and reducing decoding complexity.
[0061] In the related art, a method for reducing delay
and complexity of polar code decoding (referred to as
FSCL algorithm) is proposed. Although the polar code
decoding delay may be reduced through the FSCL algo-
rithm, the delay and decoding complexity are still large.
In addition, according to the 5G standard protocol, the
polar code is applied to the control channel, and the de-
coding process of the control channel is performed in
combination with the blind detection process. The so-
called blind detection means that a receiver extracts a
signal from the search space to perform a decoding at-
tempt; if the CRC check is successful, it is determined
that control information is detected, otherwise it is deter-
mined that the attempt is unsuccessful. In engineering,
the receiver actually makes multiple attempts in the
search space (for example, in the Long Term Evolution
(LTE) system, 44 blind detection attempts are required).
In so many attempts, only 1-2 attempts may actually de-
tect the control information and the rest may end in failure.
Each attempt has to perform decoding first and then per-
form CRC check. In combination with the long delay of
the single polar code decoding described above, the
overall control channel reception process is long.
[0062] In order to solve the above problem, one em-
bodiment of the present disclosure provides a coding
method, i.e., a method for interleaving polar code check
bits. As shown in FIG. 5, all or some of CRC check bits
are filled into specific positions in a to-be-coded se-
quence in interleaving manner.
[0063] Each CRC check bit filled in interleaving manner
has the following characteristics in its position in the to-
be-coded sequence:

(1) the position L is: L = 2N1 + 2N2 + ··· 2Nn, i.e., a
sum of powers of 2, where N1...Nn are arbitrary in-

tegers;
(2) each CRC check bit that is filled to the position L
in interleaving manner is generated by all or some
of bits at positions (i.e., position 1 to position (L-1))
preceding the position L;
(3) all bits between two CRC check bits filled in in-
terleaving manner are used to generate the latter
CRC check bit.

[0064] The specific process is as follows:
Step 501: coalescing a complete binary tree correspond-
ing to a polar codeword into a minimum incomplete binary
tree.
[0065] The so-called minimum incomplete binary tree
means that all leaf nodes are the above four types of
nodes, and the number of nodes of the tree is the mini-
mum. The specific generation process includes: recur-
sively generating node types for each layer of the com-
plete binary tree (as shown in FIG. 2) from bottom (first
layer) to top (topmost layer).
[0066] For a first layer, if both two child nodes of a node
are frozen bits, then the node is recorded as a RateO
node; if both two child nodes of a node are information
bits, then the node is recorded as a Ratel node; if a left
child node of a node is a frozen bit and a right child node
of the node is an information bit, then the node is recorded
as an REP node; if a left child node of a node is an infor-
mation bit and a right child node of the node is a frozen
bit, then the node is recorded as a node that is not of the
four types.
[0067] For a second layer, if both two child nodes of a
node are RateO nodes, then the node is recorded as a
RateO node; if both two child nodes of a node are Ratel
nodes, then the node is recorded as a Ratel node; if a
left child node of a node is a RateO node and a right child
node of the node is an REP node, then the node is re-
corded as an REP node; if a left child node of a node is
an REP node and a right child node of a node is a Ratel
node, then the node is recorded as an SPC node; other-
wise, a node is recorded as a node that is not of the four
types.
[0068] For each layer of a third layer to a topmost layer
from bottom to top, if both two child nodes of a node are
RateO nodes, then the node is recorded as a RateO
node; if both two child nodes of a node are Ratel nodes,
then the node is recorded as a Ratel node; if a left child
node of a node is a RateO node and a right child node
of the node is an REP node, then the node is recorded
as an REP node; if a left child node of a node is an SPC
node and a right child node of the node is a Ratel node,
then the node is recorded as an SPC node; otherwise, a
node is recorded as a node that is not of the four types.
[0069] At this point, one complete binary tree is coa-
lesced into the smallest incomplete binary tree.
[0070] Step 502: interleaving one CRC check bit to a
position of a last bit in a bit sequence of any one of Ratel
node, REP node and SPC node with a sequence of in-
formation bits originally at and after the position shifted
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backward by one bit.
[0071] As shown in FIG. 6, Node i is an SPC node,
which is composed of 8 code bits. A check bit CRC1 is
interleaved to a last bit (i.e., eighth bit), and information
bit originally at the eight bit and a subsequent bit se-
quence are shifted backward by 1 bit. Similarly, a check
bit CRC2 is interleaved to a last bit (i.e., fourth bit) of
Node j which is a Ratel node, and information bit originally
at the fourth bit and a subsequent bit sequence are shifted
backward by 1 bit.
[0072] Step 502 is repeated until all X CRC bits are
interleaved (X is set by the project, and its value may be
1 to 24). In this repeating process, orders of the original
CRC are not changed, for example, as shown in FIG. 5,
CRC1 still ranks before CRC2.
[0073] Step 503: according to the position where the
interleaved CRC check bit is located, determining a value
of the interleaved CRC check bit by all or some of bits
preceding the position, and filling the value to the bit at
this position.
[0074] As shown in FIG. 6, a value of a CRC bit at a
first position (L is equal to 1) is generated by all informa-
tion bits preceding the first position. A value of a CRC bit
at an L-th position (L is greater than or equal to 2) is
determined by all or some of information bits preceding
the L-th position. Particularly, all information bits between
the L-th position and a (L+1)-th position are used to gen-
erate a value of a CRC bit at the (L+1)-th position.
[0075] The method for generating the CRC according
to a sequence of information bits has various implemen-
tation methods in related technologies, and details are
not described herein again. In the related art, there are
various implementation methods for generating a value
of CRC according to a piece of information bit sequence,
which will not be repeated here.
[0076] In practical applications, an encoder capable of
implementing the above coding method can be used for
coding. The encoder first performs polar coding on input
source bits, then fills all or some of CRC check bits into
specific positions in a code sequence in interleaving man-
ner according to the above method for interleaving check
bits, and finally transmitted a coded sequence to a de-
coder. Particularly, in order to further improve decoding
efficiency, the encoder also transmits positions of the
above CRC check bits filled in interleaving manner to the
decoder.
[0077] The encoder is illustrated hereinafter with an
example.
[0078] An input sequence of the encoder is a payload
of length K=109. The encoder first performs CRC coding
with a CRC generation matrix:
Gcrc19(D)=D19+D17+D13+D11+D9+D8+D6+D5+D4+D3+1.
[0079] After adding the CRC check bits, the length of
the payload is K=128. Three bits of the CRC check bits
are selected to be interleaved into the coding sequence.
Finally, the encoder performs polar code coding and bit
interleaving according to the protocol to obtain a coded
sequence of a code length N=256.

[0080] Correspondingly, one embodiment of the
present disclosure further provides a decoder for per-
forming the polar code decoding method in the embodi-
ment of the present disclosure. The decoder receives in
advance positions of CRC check bits filled in interleaving
manner and then decodes a received soft bit. First, the
decoder coalesces a decoded binary tree of the polar
code into a minimum incomplete binary tree (as shown
in FIG. 7). Then, four types of nodes are decoded one
by one, specifically including updating soft bit value cal-
culation and feedback calculation of a hard decision re-
sult.
[0081] As shown in FIG. 8, in the decoding process,
when the position of the interleaving filled CRC check bit
is encountered (such as the SPC node in the drawing),
the decoder does not need to perform CRC check after
the bit sequence of the hard decision is expanded. In-
stead, CRC check is performed directly on the first bit
(b0 in the drawing) of the hard decision. If the check is
successful, a decoding path is reserved, otherwise the
decoding path is deleted. When all decoding paths are
deleted, the decoding ends early.
[0082] The solution of the embodiment of the present
disclosure can be applied to channel coding and decod-
ing technologies of communication systems (such as 3G,
4G, and 5G communication systems).
[0083] As shown in FIG. 9, a polar code coding appa-
ratus of one embodiment of the present disclosure in-
cludes:

an obtaining module 901 configured to obtain a plu-
rality of CRC check bits;
a determining module 902 configured to determine
an interleaved padding position in a to-be-coded se-
quence;
an interleaving-filling module 903 configured to fill a
first predetermined number of CRC check bits of the
plurality of CRC check bits into the interleaved pad-
ding position in the to-be-coded sequence in an in-
terleaving manner;
a transmission module 904 configured to perform
polar coding on the to-be-coded sequence that is
filled with the predetermined number of CRC check
bits in interleaving manner and transmit a coded se-
quence to a receiving end.

[0084] The first predetermined number is less than or
equal to a total number of the plurality of CRC check bits.
[0085] The interleaving-filling module 903 includes:
a first processing sub-module configured to coalesce a
complete binary tree corresponding to a polar codeword
into a minimum incomplete binary tree, and determine
to-be-processed nodes in the minimum incomplete bina-
ry tree, where the to-be-processed nodes include at least
one type of nodes among RateO node, Ratel node, REP
node or SPC node; a determining sub-module configured
to interleave the CRC check bits in the first predetermined
number of CRC check bits to a position of the last bit in
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a bit sequence of any one of the to-be-processed nodes;
an interleaving-filling sub-module configured to, accord-
ing to the padding position where the interleaved CRC
check bit is located, determine a CRC check bit value of
the interleaved CRC check bit at the padding position
and fill the value to the padding position.
[0086] The interleaved padding position meets the fol-
lowing conditions: L = 2N1 + 2N2 + ··· 2Nn, where N1 ... Nn
are arbitrary integers. A first CRC check bit that is filled
into a first padding position in an interleaving manner, is
generated by all bits preceding the first padding position
in the to-be-coded sequence. A second CRC check bit
that is filled into an X-th padding position except for the
first padding position, is generated by all bits which are
between a CRC check bit at a (X-1)-th padding position
and the X-th padding position; or, the second CRC check
bit that is filled into the X-th padding position except for
the first padding position, is generated by all bits which
are between the CRC check bit at the (X-1)-th padding
position and the X-th padding position as well as a third
predetermined number of bits preceding the (X-1)-th pad-
ding position. The third predetermined number is less
than or equal to a total number of bits preceding the (X-
1)-th padding position, where X is an integer greater than
two.
[0087] Specifically, the first processing sub-module is
configured to,

in a first layer of the complete binary tree, if both two
child nodes of a first target node are frozen bits, de-
termine the first target node as a RateO node; if both
two child nodes of the first target node are informa-
tion bits, determine the first target node as a Ratel
node; if a left child node of the first target node is a
frozen bit and a right child node of the first target
node is an information bit, determine the first target
node as an REP node; if the left child node of the
first target node is an information bit and a right child
node of the first target node is a frozen bit, determine
the first target node as a node that is not of the four
types;
in a second layer of the complete binary tree, if both
two child nodes of a second target node are RateO
nodes, determine the second target node as a RateO
node; if both two child nodes of the second target
node are Ratel nodes, determine the second target
node as a Ratel node; if a left child node of the second
target node is a RateO node and a right child node
of the second target node is an REP node, determine
the second target node as an REP node; if the left
child node of the second target node is an REP node
and the right child node of the first target node is a
Ratel node, determine the second target node as an
SPC node; otherwise, determine the second target
node as a node that is not of the four types;
for each layer of a third layer to a topmost layer of
the complete binary tree from bottom to top, if both
two child nodes of a third target node are RateO

nodes, determine the third target node as a RateO
node; if both two child nodes of the third target node
are Ratel nodes, determine the third target node as
a Ratel node; if a left child node of the third target
node is a RateO node and a right child node of the
third target node is an REP node, determine the third
target node as an REP node; if the left child node of
the third target node is an SPC node and the right
child node of the third target node is a Ratel node,
determine the third target node as an SPC node;
otherwise, determine the third target node as a node
that is not of the four types.

[0088] In order to further improve the decoding efficien-
cy, the transmission module is further configured to trans-
mit information of the interleaved padding position to the
receiving end. Or, as shown in FIG. 10, the apparatus
further includes a setting module 905 configured to pre-
arrange information of the interleaved padding position
with the receiving end.
[0089] The operation principle of the apparatus of the
present disclosure may be referred to the description of
the foregoing method embodiments.
[0090] In one embodiment of the present disclosure,
in the coding process, the CRC check bits are filled into
the interleaved padding position in the to-be-coded se-
quence in interleaving manner, and then the to-be-coded
sequence is coded, so that when the decoding end per-
forms decoding, combination of decoding process and
CRC check process can be performed, thereby reducing
decoding delay and reducing decoding complexity.
[0091] As shown in FIG. 11, a polar code decoding
apparatus according to one embodiment of the present
disclosure includes:
a receiving module 1101 configured to receive a coded
sequence transmitted by a transmitting end; an obtaining
module 1102 configured to obtain information of an in-
terleaved padding position of a CRC check bit in the cod-
ed sequence; and a decoding module 1103 configured
to decode the coded sequence according to the informa-
tion of the interleaved padding position.
[0092] The decoding module 1103 includes:
a second processing sub-module configured to, accord-
ing to the coded sequence, coalesce a decoding binary
tree corresponding to the coded sequence into a mini-
mum incomplete binary tree, and determine to-be-proc-
essed nodes in the minimum incomplete binary tree,
where the to-be-processed nodes include at least one
type of nodes among RateO node, Ratel node, REP node
or SPC node; and a decoding sub-module configured to
decode the to-be-processed node according to the infor-
mation of the interleaved padding position.
[0093] Specifically, the decoding sub-module in-
cludes:
a calculating unit configured to perform updating soft bit
value calculation and feedback calculation of the hard
decision result for the to-be-processed node; a check
unit configured to, when it is determined that the to-be-
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processed node is filled with a CRC check bit in inter-
leaving manner according to the information of the inter-
leaved padding position, perform CRC check on a first
bit in the hard decision result of the to-be-processed
node; a first processing unit configured to reserve a de-
coding path corresponding to the to-be-processed node
when the CRC check is successful, and delete a decod-
ing path corresponding to the to-be-processed node
when the CRC check is unsuccessful; and a second
processing unit configured to end decoding when decod-
ing paths of all to-be-processed nodes are deleted.
[0094] In one embodiment of the present disclosure,
the obtaining module 1102 is specifically configured to:
receive the information of the interleaved padding posi-
tion of the CRC check bit in the coded sequence trans-
mitted by the transmitting end; or, receive the information
of the interleaved padding position of the CRC check bit
in the coded sequence according to a pre-agreement with
the transmitting end.
[0095] The operation principle of the apparatus of the
present disclosure may be referred to the description of
the foregoing method embodiments.
[0096] In one embodiment of the present disclosure,
in the coding process, the CRC check bits are filled into
the interleaved padding position in the to-be-coded se-
quence in interleaving manner, and then the to-be-coded
sequence is coded, so that when a decoding end per-
forms decoding, combination of decoding process and
CRC check process can be performed, thereby reducing
decoding delay and reducing decoding complexity.
[0097] As shown in FIG. 12, a polar code coding device
according to one embodiment of the present disclosure
includes:

a processor 1200 configured to read a program in a
memory 1220 to perform the following process: ob-
taining a plurality of CRC check bits; determining an
interleaved padding position in a to-be-coded se-
quence; filling a first predetermined number of CRC
check bits of the plurality of CRC check bits into the
interleaved padding position in the to-be-coded se-
quence in an interleaving manner; performing polar
coding on the to-be-coded sequence that is filled with
the predetermined number of CRC check bits in in-
terleaving manner;
a transceiver 1210 configured to transmit a coded
sequence to a receiving end under the control of the
processor 1200.

[0098] The first predetermined number is less than or
equal to a total number of the plurality of CRC check bits.
[0099] In FIG. 12, a bus architecture may include any
number of interconnected buses and bridges. Specifical-
ly, one or more processors demonstrated with processor
1200 are coupled with various circuits of memory, which
is demonstrated with memory 1220. The bus architecture
may also link various other circuits, such as, peripherals,
voltage regulators, and power management circuits, as

is known in the art. Thus, in the application, no further
description is provided. The bus interface provides an
interface. The transceiver 1210 may be composed of
multiple components, that is, including a transmitter and
a receiver, which provide a unit for communicating with
various other devices via the transmitting medium.
[0100] The processor 1200 is in charge of managing
bus architecture and general processing. The memory
1220 may store data used when the processor 1200 per-
forms operations.
[0101] The processor 1200 is further configured to read
the computer program to perform the following steps:

coalescing a complete binary tree corresponding to
a polar codeword into a minimum incomplete binary
tree, and determining to-be-processed nodes in the
minimum incomplete binary tree, where the to-be-
processed nodes include at least one type of nodes
among RateO node, Ratel node, REP node or SPC
node;
interleaving the CRC check bits in the first predeter-
mined number of CRC check bits to a position of the
last bit in a bit sequence of any one of the to-be-
processed nodes;
according to the padding position where the inter-
leaved CRC check bit is located, determining a CRC
check bit value of the interleaved CRC check bit at
the padding position and filling the value to the pad-
ding position.

[0102] The interleaved padding position meets the fol-
lowing conditions: L = 2N1 + 2N2 + ··· 2Nn, where N1 ... Nn
are arbitrary integers.
[0103] A first CRC check bit that is filled into a first
padding position in an interleaving manner, is generated
by all bits preceding the first padding position in the to-
be-coded sequence.
[0104] A second CRC check bit that is filled into an X-
th padding position except for the first padding position,
is generated by all bits which are between a CRC check
bit at a (X-1)-th padding position and the X-th padding
position; or, the second CRC check bit that is filled into
the X-th padding position except for the first padding po-
sition, is generated by all bits which are between the CRC
check bit at the (X-1)-th padding position and the X-th
padding position as well as a third predetermined number
of bits preceding the (X-1)-th padding position. The third
predetermined number is less than or equal to a total
number of bits preceding the (X-1)-th padding position,
where X is an integer greater than two.
[0105] The processor 1200 is further configured to read
the computer program to perform the following steps:

in a first layer of the complete binary tree, if both two
child nodes of a first target node are frozen bits, de-
termining the first target node as a RateO node; if
both two child nodes of the first target node are in-
formation bits, determining the first target node as a
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Ratel node; if a left child node of the first target node
is a frozen bit and a right child node of the first target
node is an information bit, determining the first target
node as an REP node; if the left child node of the
first target node is an information bit and a right child
node of the first target node is a frozen bit, determin-
ing the first target node as a node that is not of the
four types;
in a second layer of the complete binary tree, if both
two child nodes of a second target node are RateO
nodes, determining the second target node as a
RateO node; if both two child nodes of the second
target node are Ratel nodes, determining the second
target node as a Ratel node; if a left child node of
the second target node is a RateO node and a right
child node of the second target node is an REP node,
determining the second target node as an REP node;
if the left child node of the second target node is an
REP node and the right child node of the first target
node is a Ratel node, determining the second target
node as an SPC node; otherwise, determining the
second target node as a node that is not of the four
types;
for each layer of a third layer to a topmost layer of
the complete binary tree from bottom to top, if both
two child nodes of a third target node are RateO
nodes, determining the third target node as a RateO
node; if both two child nodes of the third target node
are Ratel nodes, determining the third target node
as a Ratel node; if a left child node of the third target
node is a RateO node and a right child node of the
third target node is an REP node, determining the
third target node as an REP node; if the left child
node of the third target node is an SPC node and
the right child node of the third target node is a Ratel
node, determining the third target node as an SPC
node; otherwise, determining the third target node
as a node that is not of the four types.

[0106] The transceiver is further configured to transmit
information of the interleaved padding position to the re-
ceiving end. Or, the processor is further configured to
read a program in the memory to perform the following
process: pre-arranging with the receiving end the infor-
mation of the interleaved padding position.
[0107] As shown in FIG. 13, a polar code decoding
device according to one embodiment of the present dis-
closure includes:
a processor 1300 configured to read a program in a mem-
ory 1320 to perform the following process:

obtaining information of an interleaved padding po-
sition of a CRC check bit in the coded sequence; and
decoding a coded sequence according to the infor-
mation of the interleaved padding position;
a transceiver 1310 configured to receive a coded
sequence transmitted by a transmitting end under
control of the processor 1300.

[0108] The first predetermined number is less than or
equal to a total number of the plurality of CRC check bits.
[0109] In FIG. 13, a bus architecture may include any
number of interconnected buses and bridges. Specifical-
ly, one or more processors demonstrated with processor
1300 are coupled with various circuits of memory, which
is demonstrated with memory 1320. The bus architecture
may also link various other circuits, such as, peripherals,
voltage regulators, and power management circuits, as
is known in the art. Thus, in the application, no further
description is provided. The bus interface provides an
interface. The transceiver 1310 may be composed of
multiple components, that is, including a transmitter and
a receiver, which provide a unit for communicating with
various other devices via the transmitting medium.
[0110] The processor 1300 is in charge of managing
bus architecture and general processing. The memory
1320 may store data used when the processor 1300 per-
forms operations.
[0111] The processor 1300 is further configured to read
the computer program to perform the following process:

according to the coded sequence, coalescing a de-
coding binary tree corresponding to the coded se-
quence into a minimum incomplete binary tree, and
determining to-be-processed nodes in the minimum
incomplete binary tree, where the to-be-processed
nodes include at least one type of nodes among
RateO node, Ratel node, REP node or SPC node;
and
decoding the to-be-processed node according to the
information of the interleaved padding position.

[0112] The processor 1300 is further configured to read
the computer program to perform the following process:

performing updating soft bit value calculation and
feedback calculation of the hard decision result for
the to-be-processed node;
when it is determined that the to-be-processed node
is filled with a CRC check bit in interleaving manner
according to the information of the interleaved pad-
ding position, performing CRC check on a first bit in
the hard decision result of the to-be-processed node;
reserving a decoding path corresponding to the to-
be-processed node when the CRC check is success-
ful, and deleting a decoding path corresponding to
the to-be-processed node when the CRC check is
unsuccessful; and
ending decoding when decoding paths of all to-be-
processed nodes are deleted.

[0113] The transceiver 1310 is further configured to
receive the information of the interleaved padding posi-
tion of the CRC check bit in the coded sequence trans-
mitted by the transmitting end; or, the processor 1300 is
further configured to read the computer program to per-
form the following process: receiving the information of
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the interleaved padding position of the CRC check bit in
the coded sequence according to a pre-agreement with
the transmitting end.
[0114] Furthermore, a computer readable storage me-
dium according to one embodiment of the present dis-
closure is configured to store a computer program exe-
cutable by a processor to implement the following steps:

obtaining a plurality of CRC check bits;
determining an interleaved padding position in a to-
be-coded sequence;
filling a first predetermined number of CRC check
bits of the plurality of CRC check bits into the inter-
leaved padding position in the to-be-coded se-
quence in an interleaving manner;
performing polar coding on the to-be-coded se-
quence that is filled with the predetermined number
of CRC check bits in interleaving manner, and trans-
mitting a coded sequence to a receiving end.

[0115] The first predetermined number is less than or
equal to a total number of the plurality of CRC check bits.
[0116] The filling a first predetermined number of CRC
check bits of the plurality of CRC check bits into the in-
terleaved padding position in the to-be-coded sequence
in an interleaving manner, includes:

coalescing a complete binary tree corresponding to
a polar codeword into a minimum incomplete binary
tree, and determining to-be-processed nodes in the
minimum incomplete binary tree, where the to-be-
processed nodes include at least one type of nodes
among RateO node, Ratel node, REP node or SPC
node;
interleaving the CRC check bits in the first predeter-
mined number of CRC check bits to a position of the
last bit in a bit sequence of any one of the to-be-
processed nodes;
according to the padding position where the inter-
leaved CRC check bit is located, determining a CRC
check bit value of the interleaved CRC check bit at
the padding position and filling the value to the pad-
ding position.

[0117] The interleaved padding position meets the fol-
lowing conditions: L = 2N1 + 2N2 + ··· 2Nn, where N1 ... Nn
are arbitrary integers.
[0118] A first CRC check bit that is filled into a first
padding position in an interleaving manner, is generated
by all bits preceding the first padding position in the to-
be-coded sequence.
[0119] A second CRC check bit that is filled into an X-
th padding position except for the first padding position,
is generated by all bits which are between a CRC check
bit at a (X-1)-th padding position and the X-th padding
position; or, the second CRC check bit that is filled into
the X-th padding position except for the first padding po-
sition, is generated by all bits which are between the CRC

check bit at the (X-1)-th padding position and the X-th
padding position as well as a third predetermined number
of bits preceding the (X-1)-th padding position. The third
predetermined number is less than or equal to a total
number of bits preceding the (X-1)-th padding position,
where X is an integer greater than two.
[0120] The coalescing a complete binary tree corre-
sponding to a polar codeword into a minimum incomplete
binary tree, and determining to-be-processed nodes in
the minimum incomplete binary tree, where the to-be-
processed nodes include at least one type of nodes
among RateO node, Ratel node, REP node or SPC node,
includes:

in a first layer of the complete binary tree, if both two
child nodes of a first target node are frozen bits, de-
termining the first target node as a RateO node; if
both two child nodes of the first target node are in-
formation bits, determining the first target node as a
Ratel node; if a left child node of the first target node
is a frozen bit and a right child node of the first target
node is an information bit, determining the first target
node as an REP node; if the left child node of the
first target node is an information bit and a right child
node of the first target node is a frozen bit, determin-
ing the first target node as a node that is not of the
four types;
in a second layer of the complete binary tree, if both
two child nodes of a second target node are RateO
nodes, determining the second target node as a
RateO node; if both two child nodes of the second
target node are Ratel nodes, determining the second
target node as a Ratel node; if a left child node of
the second target node is a RateO node and a right
child node of the second target node is an REP node,
determining the second target node as an REP node;
if the left child node of the second target node is an
REP node and the right child node of the first target
node is a Ratel node, determining the second target
node as an SPC node; otherwise, determining the
second target node as a node that is not of the four
types;
for each layer of a third layer to a topmost layer of
the complete binary tree from bottom to top, if both
two child nodes of a third target node are RateO
nodes, determining the third target node as a RateO
node; if both two child nodes of the third target node
are Ratel nodes, determining the third target node
as a Ratel node; if a left child node of the third target
node is a RateO node and a right child node of the
third target node is an REP node, determining the
third target node as an REP node; if the left child
node of the third target node is an SPC node and
the right child node of the third target node is a Ratel
node, determining the third target node as an SPC
node; otherwise, determining the third target node
as a node that is not of the four types.
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[0121] The computer program is executable by the
processor to further implement the following steps:

transmitting information of the interleaved padding
position to the receiving end; or,
pre-arranging with the receiving end the information
of the interleaved padding position.

[0122] In addition, a computer readable storage medi-
um according to one embodiment of the present disclo-
sure is configured to store a computer program execut-
able by a processor to implement the following steps:

receiving a coded sequence transmitted by a trans-
mitting end;
obtaining information of an interleaved padding po-
sition of a CRC check bit in the coded sequence; and
decoding the coded sequence according to the in-
formation of the interleaved padding position.

[0123] The decoding the coded sequence according
to the information of the interleaved padding position,
includes:

according to the coded sequence, coalescing a de-
coding binary tree corresponding to the coded se-
quence into a minimum incomplete binary tree, and
determining to-be-processed nodes in the minimum
incomplete binary tree, where the to-be-processed
nodes include at least one type of nodes among
RateO node, Ratel node, REP node or SPC node;
and
decoding the to-be-processed node according to the
information of the interleaved padding position.

[0124] The decoding the to-be-processed node ac-
cording to the information of the interleaved padding po-
sition, includes:

performing updating soft bit value calculation and
feedback calculation of the hard decision result for
the to-be-processed node;
when it is determined that the to-be-processed node
is filled with a CRC check bit in interleaving manner
according to the information of the interleaved pad-
ding position, performing CRC check on a first bit in
the hard decision result of the to-be-processed node;
reserving a decoding path corresponding to the to-
be-processed node when the CRC check is success-
ful, and deleting a decoding path corresponding to
the to-be-processed node when the CRC check is
unsuccessful; and
ending decoding when decoding paths of all to-be-
processed nodes are deleted.

[0125] The obtaining information of an interleaved pad-
ding position of a CRC check bit in the coded sequence,
includes:

receiving the information of the interleaved padding
position of the CRC check bit in the coded sequence
transmitted by the transmitting end; or,
obtaining the information of the interleaved padding
position of the CRC check bit in the coded sequence
according to a pre-agreement with the transmitting
end.

[0126] In the embodiments of the application, it should
be understood that, the disclosed device and method
may be implemented by using other methods. For exam-
ple, device embodiments described above are only illus-
trative, e.g., division of the unit is only a logical division,
there may be additional division methods during actual
implementation. For example, multiple units or compo-
nents may be combined, or integrated into another sys-
tem. Alternatively, some features may be omitted, or not
performed. From another point of view, the mutual cou-
pling shown or discussed, or direct coupling, or commu-
nication connection may be through some interfaces. The
indirect coupling, or communication connection among
devices or units may be electronic, mechanical, or in oth-
er form.
[0127] In addition, in various embodiments of the
present disclosure, each functional unit may be integrat-
ed into one processing unit. Alternatively, each unit may
exist physically alone. Still alternatively, two or more units
may be integrated into one unit. The above integrated
unit may be implemented in the form of hardware, or in
the form of hardware plus software functional units.
[0128] The above integrated unit implemented in the
form of a software functional unit may be stored in a com-
puter-readable storage medium. The software functional
unit is stored in a storage medium, which includes several
instructions to enable a computer device (which may be
a Personal Computer (PC), a server, or a network device,
and so on) to execute all the blocks, or some blocks in a
method of each embodiment in the present disclosure.
The foregoing storage medium includes a U disk, a mo-
bile hard disk, a Read-Only Memory (ROM), a Random
Access Memory (RAM), a disk, or a Compact Disk (CD),
or various mediums which may store program codes.
[0129] Foregoing describes optional implementation
modes of the present disclosure. It should be pointed out
that, for persons having ordinary skill in the art, several
improvements and changes may be made, without de-
parting from the principle of the present disclosure. These
improvements and changes should also be within the
scope of the present disclosure.

Claims

1. A polar code coding method comprising:

obtaining a plurality of CRC check bits;
determining interleaved padding positions in a
to-be-coded sequence;
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filling a first predetermined number of CRC
check bits of the plurality of CRC check bits into
the interleaved padding positions in the to-be-
coded sequence in an interleaving manner; and
performing polar coding on the to-be-coded se-
quence that is filled with the predetermined
number of CRC check bits in interleaving man-
ner, and transmitting a coded sequence to a re-
ceiving end;
wherein the first predetermined number is less
than or equal to a total number of the plurality
of CRC check bits.

2. The method according to claim 1, wherein the filling
a first predetermined number of CRC check bits of
the plurality of CRC check bits into the interleaved
padding positions in the to-be-coded sequence in an
interleaving manner, includes:

coalescing a complete binary tree correspond-
ing to a polar codeword into a minimum incom-
plete binary tree, and determining to-be-proc-
essed nodes in the minimum incomplete binary
tree, wherein the to-be-processed nodes in-
clude at least one type of nodes among RateO
node, Rate1 node, REP node or SPC node;
interleaving the CRC check bit in the first pre-
determined number of CRC check bits to a po-
sition of a last bit in a bit sequence of any one
of the to-be-processed nodes;
according to a padding position where an inter-
leaved CRC check bit is located, determining a
CRC check bit value of the interleaved CRC
check bit at the padding position and filling the
value to the padding position.

3. The method according to claim 1 or 2, wherein an
interleaved padding position L meets the following
conditions: L = 2N1 + 2N2 + ··· 2Nn, wherein N1 ... Nn
are arbitrary integers;
a first CRC check bit that is filled into a first padding
position in an interleaving manner, is generated by
all bits preceding the first padding position in the to-
be-coded sequence;
a second CRC check bit that is filled into an X-th
padding position except for the first padding position,
is generated by all bits which are between a CRC
check bit at a (X-1)-th padding position and the X-th
padding position; or, the second CRC check bit that
is filled into the X-th padding position except for the
first padding position, is generated by all bits which
are between the CRC check bit at the (X-1)-th pad-
ding position and the X-th padding position as well
as a third predetermined number of bits preceding
the (X-1)-th padding position; wherein the third pre-
determined number is less than or equal to a total
number of bits preceding the (X-1)-th padding posi-
tion; wherein X is an integer greater than two.

4. The method according to claim 2, wherein the coa-
lescing a complete binary tree corresponding to a
polar codeword into a minimum incomplete binary
tree, and determining to-be-processed nodes in the
minimum incomplete binary tree, wherein the to-be-
processed nodes include at least one type of nodes
among RateO node, Ratel node, REP node or SPC
node, includes:

in a first layer of the complete binary tree, if both
two child nodes of a first target node are frozen
bits, determining the first target node as a RateO
node; if both two child nodes of the first target
node are information bits, determining the first
target node as a Ratel node; if a left child node
of the first target node is a frozen bit and a right
child node of the first target node is an informa-
tion bit, determining the first target node as an
REP node; if the left child node of the first target
node is an information bit and a right child node
of the first target node is a frozen bit, determining
the first target node as a node that is not of the
four types;
in a second layer of the complete binary tree, if
both two child nodes of a second target node
are RateO nodes, determining the second target
node as a RateO node; if both two child nodes
of the second target node are Ratel nodes, de-
termining the second target node as a Ratel
node; if a left child node of the second target
node is a RateO node and a right child node of
the second target node is an REP node, deter-
mining the second target node as an REP node;
if the left child node of the second target node
is an REP node and the right child node of the
first target node is a Ratel node, determining the
second target node as an SPC node; otherwise,
determining the second target node as a node
that is not of the four types;
for each layer of a third layer to a topmost layer
of the complete binary tree from bottom to top,
if both two child nodes of a third target node are
RateO nodes, determining the third target node
as a RateO node; if both two child nodes of the
third target node are Ratel nodes, determining
the third target node as a Ratel node; if a left
child node of the third target node is a RateO
node and a right child node of the third target
node is an REP node, determining the third tar-
get node as an REP node; if the left child node
of the third target node is an SPC node and the
right child node of the third target node is a Ratel
node, determining the third target node as an
SPC node; otherwise, determining the third tar-
get node as a node that is not of the four types.

5. The method according to claim 1, wherein the meth-
od further includes:
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transmitting information of the interleaved pad-
ding positions to the receiving end; or,
pre-arranging the information of the interleaved
padding positions with the receiving end.

6. A polar code decoding method comprising:

receiving a coded sequence transmitted by a
transmitting end;
obtaining information of an interleaved padding
position of a CRC check bit in the coded se-
quence; and
decoding the coded sequence according to the
information of the interleaved padding position.

7. The method according to claim 6, wherein the de-
coding the coded sequence according to the infor-
mation of the interleaved padding position, includes:

according to the coded sequence, coalescing a
decoding binary tree corresponding to the coded
sequence into a minimum incomplete binary
tree, and determining to-be-processed nodes in
the minimum incomplete binary tree, wherein
the to-be-processed nodes include at least one
type of nodes among RateO node, Ratel node,
REP node or SPC node; and
decoding the to-be-processed nodes according
to the information of the interleaved padding po-
sition.

8. The method according to claim 7, wherein the de-
coding the to-be-processed nodes according to the
information of the interleaved padding position, in-
cludes:

performing updating soft bit value calculation
and feedback calculation of the hard decision
result for the to-be-processed node;
when determining that the to-be-processed
node is filled with a CRC check bit in interleaving
manner according to the information of the in-
terleaved padding position, performing CRC
check on a first bit in a hard decision result of
the to-be-processed node;
reserving a decoding path corresponding to the
to-be-processed node when the CRC check is
successful, and deleting a decoding path corre-
sponding to the to-be-processed node when the
CRC check is unsuccessful; and
ending decoding when decoding paths of all the
to-be-processed nodes are deleted.

9. The method according to claim 6, wherein the ob-
taining information of an interleaved padding posi-
tion of a CRC check bit in the coded sequence, in-
cludes:

receiving the information of the interleaved pad-
ding position of the CRC check bit in the coded
sequence transmitted by the transmitting end;
or,
obtaining the information of the interleaved pad-
ding position of the CRC check bit in the coded
sequence according to a pre-agreement with the
transmitting end.

10. A polar code coding apparatus comprising:

an obtaining module configured to obtain a plu-
rality of CRC check bits;
a determining module configured to determine
interleaved padding positions in a to-be-coded
sequence;
an interleaving-filling module configured to fill a
first predetermined number of CRC check bits
of the plurality of CRC check bits into the inter-
leaved padding positions in the to-be-coded se-
quence in an interleaving manner;
a transmission module configured to perform
polar coding on the to-be-coded sequence that
is filled with the predetermined number of CRC
check bits in interleaving manner and transmit
a coded sequence to a receiving end;
wherein the first predetermined number is less
than or equal to a total number of the plurality
of CRC check bits.

11. The apparatus according to claim 10, wherein the
interleaving-filling module includes:

a first processing sub-module configured to co-
alesce a complete binary tree corresponding to
a polar codeword into a minimum incomplete
binary tree, and determine to-be-processed
nodes in the minimum incomplete binary tree,
wherein the to-be-processed nodes include at
least one type of nodes among RateO node, Ra-
tel node, REP node or SPC node;
a determining sub-module configured to inter-
leave the CRC check bits in the first predeter-
mined number of CRC check bits to a position
of a last bit in a bit sequence of any one of the
to-be-processed nodes;
an interleaving-filling sub-module configured to,
according to a padding position where an inter-
leaved CRC check bit is located, determine a
CRC check bit value of the interleaved CRC
check bit at the padding position and fill the value
to the padding position.

12. The apparatus according to claim 10 or 11, wherein
an interleaved padding position L meets the following
conditions: L = 2N1 + 2N2 + ··· 2Nn, wherein N1 ... Nn
are arbitrary integers;
a first CRC check bit that is filled into a first padding
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position in an interleaving manner, is generated by
all bits preceding the first padding position in the to-
be-coded sequence;
a second CRC check bit that is filled into an X-th
padding position except for the first padding position,
is generated by all bits which are between a CRC
check bit at a (X-1)-th padding position and the X-th
padding position; or, the second CRC check bit that
is filled into the X-th padding position except for the
first padding position, is generated by all bits which
are between the CRC check bit at the (X-1)-th pad-
ding position and the X-th padding position as well
as a third predetermined number of bits preceding
the (X-1)-th padding position; wherein the third pre-
determined number is less than or equal to a total
number of bits preceding the (X-1)-th padding posi-
tion; wherein X is an integer greater than two.

13. The apparatus according to claim 11, wherein the
first processing sub-module is configured to,
in a first layer of the complete binary tree, if both two
child nodes of a first target node are frozen bits, de-
termine the first target node as a RateO node; if both
two child nodes of the first target node are informa-
tion bits, determine the first target node as a Ratel
node; if a left child node of the first target node is a
frozen bit and a right child node of the first target
node is an information bit, determine the first target
node as an REP node; if the left child node of the
first target node is an information bit and a right child
node of the first target node is a frozen bit, determine
the first target node as a node that is not of the four
types;
in a second layer of the complete binary tree, if both
two child nodes of a second target node are RateO
nodes, determine the second target node as a RateO
node; if both two child nodes of the second target
node are Rate1 nodes, determine the second target
node as a Rate1 node; if a left child node of the sec-
ond target node is a RateO node and a right child
node of the second target node is an REP node,
determine the second target node as an REP node;
if the left child node of the second target node is an
REP node and the right child node of the first target
node is a Ratel node, determine the second target
node as an SPC node; otherwise, determine the sec-
ond target node as a node that is not of the four types;
for each layer of a third layer to a topmost layer of
the complete binary tree from bottom to top, if both
two child nodes of a third target node are RateO
nodes, determine the third target node as a RateO
node; if both two child nodes of the third target node
are Ratel nodes, determine the third target node as
a Ratel node; if a left child node of the third target
node is a RateO node and a right child node of the
third target node is an REP node, determine the third
target node as an REP node; if the left child node of
the third target node is an SPC node and the right

child node of the third target node is a Ratel node,
determine the third target node as an SPC node;
otherwise, determine the third target node as a node
that is not of the four types.

14. A polar code decoding apparatus comprising:

a receiving module configured to receive a cod-
ed sequence transmitted by a transmitting end;
an obtaining module configured to obtain infor-
mation of an interleaved padding position of a
CRC check bit in the coded sequence; and
a decoding module configured to decode the
coded sequence according to the information of
the interleaved padding position.

15. The apparatus according to claim 14, wherein the
decoding module includes:

a second processing sub-module configured to,
according to the coded sequence, coalesce a
decoding binary tree corresponding to the coded
sequence into a minimum incomplete binary
tree, and determine to-be-processed nodes in
the minimum incomplete binary tree, wherein
the to-be-processed nodes include at least one
type of nodes among RateO node, Ratel node,
REP node or SPC node; and
a decoding sub-module configured to decode
the to-be-processed nodes according to the in-
formation of the interleaved padding position.

16. The apparatus according to claim 15, wherein the
decoding sub-module includes:

a calculating unit configured to perform updating
soft bit value calculation and feedback calcula-
tion of hard decision result for the to-be-proc-
essed node;
a check unit configured to, when determining
that the to-be-processed node is filled with a
CRC check bit in interleaving manner according
to the information of the interleaved padding po-
sition, perform CRC check on a first bit in the
hard decision result of the to-be-processed
node;
a first processing unit configured to reserve a
decoding path corresponding to the to-be-proc-
essed node when the CRC check is successful,
and delete a decoding path corresponding to the
to-be-processed node when the CRC check is
unsuccessful; and
a second processing unit configured to end de-
coding when decoding paths of all the to-be-
processed nodes are deleted.

17. A polar code coding device comprising: a transceiv-
er, a memory, a processor and a computer program
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stored on the memory and executable on the proc-
essor;
wherein the processor is configured to read the pro-
gram in the memory to perform the following process:
obtaining a plurality of CRC check bits; determining
interleaved padding positions in a to-be-coded se-
quence; filling a first predetermined number of CRC
check bits of the plurality of CRC check bits into the
interleaved padding positions in the to-be-coded se-
quence in an interleaving manner; performing polar
coding on the to-be-coded sequence that is filled with
the predetermined number of CRC check bits in in-
terleaving manner;
the transceiver is configured to transmit a coded se-
quence to a receiving end;
the first predetermined number is less than or equal
to a total number of the plurality of CRC check bits.

18. The device according to claim 17, wherein the proc-
essor is configured to read the program in the mem-
ory to perform the following process:

coalescing a complete binary tree correspond-
ing to a polar codeword into a minimum incom-
plete binary tree, and determining to-be-proc-
essed nodes in the minimum incomplete binary
tree, wherein the to-be-processed nodes in-
clude at least one type of nodes among RateO
node, Ratel node, REP node or SPC node;
interleaving the CRC check bits in the first pre-
determined number of CRC check bits to a po-
sition of a last bit in a bit sequence of any one
of the to-be-processed nodes;
according to a padding position where an inter-
leaved CRC check bit is located, determining a
CRC check bit value of the interleaved CRC
check bit at the padding position and filling the
value to the padding position.

19. The device according to claim 17 or 18, wherein an
interleaved padding position L meets the following
conditions: L = 2N1 + 2N2 + ··· 2Nn, wherein N1 ... Nn
are arbitrary integers;
a first CRC check bit that is filled into a first padding
position in an interleaving manner, is generated by
all bits preceding the first padding position in the to-
be-coded sequence;
a second CRC check bit that is filled into an X-th
padding position except for the first padding position,
is generated by all bits which are between a CRC
check bit at a (X-1)-th padding position and the X-th
padding position; or, the second CRC check bit that
is filled into the X-th padding position except for the
first padding position, is generated by all bits which
are between the CRC check bit at the (X-1)-th pad-
ding position and the X-th padding position as well
as a third predetermined number of bits preceding
the (X-1)-th padding position; wherein the third pre-

determined number is less than or equal to a total
number of bits preceding the (X-1)-th padding posi-
tion; wherein X is an integer greater than two.

20. The device according to claim 18, wherein the proc-
essor is configured to read the program in the mem-
ory to perform the following process:

in a first layer of the complete binary tree, if both
two child nodes of a first target node are frozen
bits, determining the first target node as a RateO
node; if both two child nodes of the first target
node are information bits, determining the first
target node as a Ratel node; if a left child node
of the first target node is a frozen bit and a right
child node of the first target node is an informa-
tion bit, determining the first target node as an
REP node; if the left child node of the first target
node is an information bit and a right child node
of the first target node is a frozen bit, determining
the first target node as a node that is not of the
four types;
in a second layer of the complete binary tree, if
both two child nodes of a second target node
are RateO nodes, determining the second target
node as a RateO node; if both two child nodes
of the second target node are Ratel nodes, de-
termining the second target node as a Rate1
node; if a left child node of the second target
node is a RateO node and a right child node of
the second target node is an REP node, deter-
mining the second target node as an REP node;
if the left child node of the second target node
is an REP node and the right child node of the
first target node is a Ratel node, determining the
second target node as an SPC node; otherwise,
determining the second target node as a node
that is not of the four types;
for each layer of a third layer to a topmost layer
of the complete binary tree from bottom to top,
if both two child nodes of a third target node are
RateO nodes, determining the third target node
as a RateO node; if both two child nodes of the
third target node are Rate1 nodes, determining
the third target node as a Rate1 node; if a left
child node of the third target node is a RateO
node and a right child node of the third target
node is an REP node, determining the third tar-
get node as an REP node; if the left child node
of the third target node is an SPC node and the
right child node of the third target node is a Ratel
node, determining the third target node as an
SPC node; otherwise, determining the third tar-
get node as a node that is not of the four types.

21. The device according to claim 20, wherein the trans-
ceiver is further configured to transmit information of
the interleaved padding position to the receiving end;
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or,
the processor is further configured to read the pro-
gram in the memory to perform the following process:
pre-arranging with the receiving end the information
of the interleaved padding position.

22. A polar code decoding device comprising: a trans-
ceiver, a memory, a processor and a computer pro-
gram stored on the memory and executable on the
processor;
wherein the transceiver is configured to receive a
coded sequence transmitted by a transmitting end;
the processor is configured to read the program in
the memory to perform the following process:
obtaining information of an interleaved padding po-
sition of a CRC check bit in the coded sequence; and
decoding a coded sequence according to the infor-
mation of the interleaved padding position.

23. The device according to claim 22, wherein the proc-
essor is further configured to read the computer pro-
gram to perform the following process:

according to the coded sequence, coalescing a
decoding binary tree corresponding to the coded
sequence into a minimum incomplete binary
tree, and determining to-be-processed nodes in
the minimum incomplete binary tree, wherein
the to-be-processed nodes include at least one
type of nodes among RateO node, Ratel node,
REP node or SPC node; and
decoding the to-be-processed nodes according
to the information of the interleaved padding po-
sition.

24. The device according to claim 23, wherein the proc-
essor is further configured to read the computer pro-
gram to perform the following process:

performing updating soft bit value calculation
and feedback calculation of hard decision result
for the to-be-processed node;
when determining that the to-be-processed
node is filled with a CRC check bit in interleaving
manner according to the information of the in-
terleaved padding position, performing CRC
check on a first bit in the hard decision result of
the to-be-processed node;
reserving a decoding path corresponding to the
to-be-processed node when the CRC check is
successful, and deleting a decoding path corre-
sponding to the to-be-processed node when the
CRC check is unsuccessful; and
ending decoding when decoding paths of all the
to-be-processed nodes are deleted.

25. The device according to claim 22, wherein
the transceiver is further configured to receive the

information of the interleaved padding position of the
CRC check bit in the coded sequence transmitted
by the transmitting end; or,
the processor is further configured to read the pro-
gram in the memory to perform the following process:
receiving the information of the interleaved padding
position of the CRC check bit in the coded sequence
according to a pre-agreement with the transmitting
end.

26. A computer readable storage medium comprising a
computer program stored thereon; wherein the com-
puter program is executed by a processor to imple-
ment steps of the method according to any one of
claims 1 to 5; or, the computer program is executed
by the processor to implement steps of the method
according to any one of claims 6 to 9.
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