METHOD AND APPARATUS FOR ENCODING CHANNEL STATE
INFORMATION, STORAGE MEDIUM AND PROCESSOR

TECHNICAL FIELD

[0001] The present disclosure relates to the field of communications, and in
particular, to a method and an apparatus for encoding channel state information (CSI),

a storage medium and a processor.

BACKGROUND

[0002] Polar codes encoding is employed for a control channel in 5G NR (New
Radio). The encoding procedure of Polar codes is x=u*G, where u includes information
bits and parity check bits, x is an encoded bit sequence, G is a generator matrix of the
Polar codes, and a dimension of the generator matrix G is N*N, where N represents a
power of 2. For Polar codes, reliabilities and BERs (Bit Error Ratio) of different input
bit indexes (0~N-1) are different, and to improve performance of the Polar codes, it is
usually necessary to map a bit sequence of Polar codes input bits to indices with high
reliability or a low BER.

[0003] In 5G NR (New Radio), a joint coding mechanism is employed for part of
CSI (channel state information) reporting, that is, different information (for example,
CRI (CSI-RS Resource Index), RI (rank indicator), PMI (Precoding Matrix Indicator)
and CQI (Channel Quality Indicator)) is encoded together; however, lengths of the CSI
information may be different in different situations. In order to reduce or avoid blind
detection, the CSI information is padded to have a same length in different situations.
In order to determine lengths of padding bits and contents of various types of
information in different situations, or to improve overall performance of CSI reporting,
it is necessary to reasonably map the various types of information in the CSI reporting.

However, in the related art, a manner for reasonable mapping of various types of

1



information in CSI reporting is not yet available.
[0004] With regard to the foregoing problem in the related art, there is no effective

solution currently.

SUMMARY

[0005] The present disclosure provides a method and an apparatus for encoding CSI,
a storage medium and a processor in order to at least solve the problem that positions
of various types of information in CSI reporting cannot be reasonably mapped in related
art.
[0006] According to an embodiment of the present disclosure, a method for
encoding CSI is provided, including: mapping CSI and a fourth type of information bits
according to indexes in a position index set; where the CSI includes: a first type of
information bits, a second type of information bits, and a third type of information bits.
A manner of the mapping is: placing the first type of information bits, the second type
of information bits, the third type of information bits and the fourth type of information
bits in the position index set according to the values of position indexes from small to
large; and performing Polar codes encoding on the mapped CSI and the fourth type of
information bits to obtain an encoded bit sequence.
[0007] According to another embodiment of the present disclosure, an apparatus
for encoding CSI is provided, including:

an mapping module configured to map the CSI and the fourth type of
information bits according to indexes in a position index set, where the CSI includes: a
first type of information bits, a second type of information bits, and a third type of
information bits; a manner of the mapping is: placing the first type of information bits,
the second type of information bits, the third type of information bits and the fourth
type of information bits in the position index set according to the values of position
indexes from small to large; and

an encoding module configured to perform Polar codes encoding on the

mapped CSI and the fourth type of information bits to a obtain an encoded bit sequence.



[0008] According to yet another embodiment of the present disclosure, a storage
medium including a stored program therein is provided, where the program when
executed, performs the foregoing method for encoding CSI.
[0009] According to yet another embodiment of the present disclosure, a processor
for executing a program is provided, where the program when executed, performs the
foregoing method for encoding CSI.
[0010] The present disclosure also provides a device comprising a storage medium
and a processor, the medium comprising a program stored therein, wherein the
processor is configured to execute the program, and the program when executed,
performs the method described above.
[0011] According to yet another embodiment of the present disclosure, a
communication device is provided, including:

a memory for storing CSI and a fourth type of information bits; and

a Polar codes encoder used to perform Polar codes encoding on the CSI and
the fourth type of information bits to obtain an encoded bit sequence;

where the CSI includes: a first type of information bits, a second type of
information bits, and a third type of information bits; and the CSI and the fourth type
of information bits are mapped in the following manner: the first type of information
bits, the second type of information bits, the third type of information bits, and the
fourth type of information bits are mapped according to an order of the value of position
index in Polar codes or according to an order of reliabilities of the indexes.
[0012] According to yet another embodiment of the present disclosure, a
communication device is provided, including:

a Polar codes encoder used to perform Polar codes encoding on CSI; and a
fourth type of information bits in order to obtain an encoded bit sequence; and

a Polar codes decoder for decoding Polar codes;

where the CSI includes: a first type of information bits, a second type of
information bits, and a third type of information bits; and the CSI and the fourth type
of information bits are mapped in the following manner: the first type of information

bits, the second type of information bits, the third type of information bits, and the
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fourth type of information bits are mapped in sequence according to an order of the
value of position index or according to an order of reliabilities of the indexes.

[0013] With this disclosure, a first type of information bits in CSI are placed in a
first type of position indexes in a position index set, and indexes of a second type of
information bits, a third type of information bits, and a fourth type of information bits
in the position index set are determined by indexes in the position index set other than
the first type of position indexes determined by the first type of information bits; or the
fourth type of information bits are placed in the fourth type of position indexes in the
position index set, and indexes of the first type of information bits, the second type of
information bits, and the third type of information bits of the CSI in the position index
set are determined by indexes in the position index set other than the fourth type of
position indexes determined by the fourth type of information bits. It can be seen that
the BLER performance of CSI reporting can be improved by the foregoing method
which determines indexes of different types of information bits which are joint coded
for CSI reporting, and therefore solves the problem that positions of various types of

information in the CSI reporting cannot be reasonably mapped in related art.

BRIEF DESCRIPTION OF DRAWINGS

[0014] The drawings described herein are intended to provide further understanding
of the present disclosure, and they constitute a part of the application. The schematic
embodiments and the explanation thereof are used to illustrate the present disclosure,
and pose no improper limitation on the present disclosure. In the drawings:

[0015] FIG. 1 is a structural block diagram of a hardware of a device that
implements the method for encoding CSI of an embodiment of the present disclosure;
[0016] FIG. 2 is a flowchart of encoding CSI according to an embodiment of the
present disclosure;

[0017] FIG. 3(a) is a simulation schematic diagram of relationship between indexes
and BER according to an embodiment of the present disclosure;

[0018] FIG. 3(b) is a simulation schematic diagram of performance according to an
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embodiment of the present disclosure;

[0019] FIG. 4 is a structural block diagram of an apparatus for encoding CSI
according to an embodiment of the present disclosure;

[0020] FIG. 5 is a structural block diagram of a communication device according
to an embodiment of the present disclosure;

[0021] FIG. 6 is a structural block diagram of another communication device

according to an embodiment of the present disclosure.

DESCRIPTION OF EMBODIMENTS

[0022] The present disclosure will be illustrated in detail below with reference to
the drawings and in combination with the embodiments. It should be noted that the
embodiments in this application and features in the embodiments may be mutually
combined provided that no conflict is caused.

[0023] It should be noted that, the terms “first”, “second”, and the like in the
specification, claims, and foregoing drawings of the present disclosure are intended to

distinguish between similar objects but do not necessarily indicate an order or sequence.

Embodiment 1

[0024] The embodiment provided in embodiment 1 of the present disclosure may
be executed in a device, a computer terminal, or a similar arithmetic apparatus. Taking
execution in a device as an example, FIG. 1 is a structural block diagram of a hardware
of a device that implements a method for encoding CSI according to an embodiment of
the present disclosure. As shown in FIG. 1, a device 10 may include one or a plurality
of (only one is shown in the figure) processors 102 (the processor 102 may include but
is not limited to processing apparatus such as a micro controller unit MCU or a field
programmable gate array (FPGA)), a memory 104 configured to store data, and a
transmission apparatus 106 for communication functions. Those skilled in the art could
understand that the structure shown in FIG. 1 is only schematic but does not limit

structures of the foregoing electronic apparatuses. For example, the device 10 may
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further include more or less components than those shown in FIG. 1 or have different
configurations from that shown in FIG. 1.
[0025] The memory 104 can be used to store software programs and modules of an
application, such as program instructions/modules corresponding to the method for
encoding CSI. The processor 102, by executing software programs and modules stored
in the memory 104, executes various functional applications and data processing, that
is, realizing the foregoing method. The memory 104 may include a high-speed random
access memory, or a nonvolatile memory such as one or a plurality of magnetic storage
apparatuses, flash memories, or other nonvolatile solid-state memories. In some
examples, the memory 104 may further include memories remotely disposed with
respect to the processor 102. These remote memories may be connected to the device
10 over a network. An example of the foregoing network includes but is not limited to:
an Internet, a corporate Intranet, a local area network, a mobile communication network
and a combination hereof.
[0026] The transmission apparatus 106 is configured to receive or send data via a
network. A specific example of the foregoing network may include a wireless network
provided by a communication provider of device 10. In one example, the transmission
apparatus 106 includes a network interface controller (NIC) that may be connected to
other network devices via a base station to communicate with the Internet. In one
example, the transmission apparatus 106 can be a radio frequency (RF) module for
wireless communication with the Internet.
[0027]  In this embodiment, a method for encoding CSI executed on the foregoing
device is provided. FIG. 2 is a flowchart of encoding CSI according to an embodiment
of the present disclosure, and as shown in FIG. 2, the flow includes the following steps:
Step 202, mapping the CSI and a fourth type of information bits according
to indexes in a position index set; where the CSI includes: a first type of information
bits, a second type of information bits, and a third type of information bits; a manner of
the mapping is: placing the first type of information bits in a first type of position
indexes of the position index set, determining, from the indexes in the position index

set other than the first type of position indexes determined by the first type of
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information bits, indexes of the second type of information bits, indexes of the third
type of information bits, and indexes of the fourth type of information bits in the
position index set; or a manner of the mapping is: placing the fourth type of information
bits in a fourth type of position indexes of the position index set, and determining, from
the indexes in the position index set other than the fourth type of position indexes
determined by the fourth type of information bits, indexes of the first type of
information bits, indexes of the second type of information bits, and indexes of the third
type of information bits in the position index set; and

Step 204, performing Polar codes encoding on the mapped CSI and the
fourth type of information bits to obtain an encoded bit sequence.
[0028] Through the foregoing steps 202 and 204, various types of information bits
in the CSI can be mapped in the position index set, specifically, that is: placing the first
type of information bits of the CSI in the first type of position indexes of the position
index set, determining, from the indexes in the position index set other than the first
type of position indexes determined by the first type of information bits, indexes of the
second type of information bits, indexes of the third type of information bits, and
indexes of the fourth type of information bits in the position index set; or placing the
fourth type of information bits in the fourth type of position indexes of the position
index set, determining, from the indexes in the position index set other than the fourth
type of position indexes determined by the fourth type of information bits, indexes of
the first type of information bits, indexes of the second type of information bits, and
indexes of the third type of information bits in the position index set.
[0029] It should be noted that reliabilities and bit error ratio (BER) of different input
bit indexes (0~N-1) may be different for the Polar code. To improve Polar codes
performance, it is usually required to map the bit sequence of the Polar codes input bit
to indexes with higher reliabilities or lower BER. For encoding the CSI, it is mapping
the CSI and parity check bits obtained from encoding CSI to index positions with higher
reliabilities or lower BER, where the reliabilities can be calculated with density
evolution or Gaussian approximation or obtained from positions of the indexes in a

predefined sequence, and the BER can be obtained by computer simulation. Specifically,
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FIG. 3(a) illustrates the simulation relationship between indexes and the BER.

[0030] Since the length of CSI information may be different in different situations,
to reduce (avoid) blind detection, the CSI information is padded to the same length.
However, in CSI reporting, the lengths of the PMI and the CQI are related to the RI.
Therefore, if the RI (and the CRI; in LTE, the CRI and the RI are jointly coded) can be
placed in some specific positions so that the RI can be determined first, it will contribute
to the determination of the padding bit length and other information. In another aspect,
since the bit length of the parity check bits is related to the information length of the
CSI, in CSI reporting, if the parity check bits can be placed after some specific positions
and the RI is placed in other specific positions, the RI can be more easily determined
after Polar codes are decoded, and the padding bit length and other information can be
determined later. Furthermore, after the length and position of the padding bits are
determined, the padding bits can be seen as known bits (or frozen bits) during decoding
to improve the decoding performance. FIG. 3(b) shows performance curves with
different numbers of frozen bits.

[0031] Therefore, indexes of various types of information bits in joint coding for
CSI reporting can be determined with the foregoing method, and BLER performance
of the CSI reporting can be improved and the problem that positions of various types
of information in the CSI reporting cannot be reasonably mapped in related art can be
solved.

[0032] In specific implementations of the embodiment, the first type of information
bits involved in this embodiment include at least one of the following: a CRI and an RI.
[0033] In addition, the first type of information bits involved in this embodiment
may also include at least one of the following: a bit sequence obtained by encoding the
CRI according to a first encoding method; a bit sequence obtained by encoding the RI
according to the first encoding method; and a bit sequence obtained by encoding the
CRI and the RI according to the first encoding method.

[0034] It should be noted that, since the CRI may affect the quantity of bits of the
RI, the RI may affect the quantity of bits of the PMI, and the RI and PMI may affect

the quantity of bits of the CQI in CSI information, encoding the CRI and the RI (that is,
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the first type of bit information) first by using the first encoding method before encoding
CSI, and perform Polar codes encoding on the encoded bit sequence and other
information in the CSI together, the performance of the CRI and the RI can be improved.
[0035] For example, the CRI and the RI are represented by three bits respectively
and then the length of the first type of information bits is 6 bits; and the first type of
information bits of 6 bits is encoded to 7 bits, 9 bits, or 12 bits by using the first encoding
method.

[0036] For example, the first type of information bits of K bits is encoded to a length
of floor (K/R) or ceil (K/R) bits by using the first encoding method, where R is a code
rate and O<R<I, floor () represents rounding a number down to the nearest integer, and
ceil () represents rounding a number up to the nearest integer.

[0037] The first encoding method may be Reed-Muller encoding, parity check
codes, cyclic redundancy check encoding, BCH encoding, Hamming code encoding,
convolutional encoding, generator matrix encoding, Turbo encoding, low density parity
check encoding, or Hash encoding.

[0038] In optional implementations of the embodiment, the second type of
information bits involved in this embodiment are padding bits. The third type of
information bits includes at least one of the following: precoding matrix indicator (PMI)
and channel quality indicator (CQI). The fourth type of information bits are parity check
bits.

[0039]  Based on the specific information bits of the CSI in the foregoing optional
implementation, the fourth type of information bits are obtained by encoding, through
a second encoding method, at least one of the following: the first type of information
bits, the second type of information bits, or the third type of information bits.

[0040] It should be noted that the first encoding method or the second encoding
method includes at least one of the following:

[0041] Reed-Muller encoding, parity check codes, cyclic redundancy check
encoding, BCH encoding, Hamming code encoding, convolutional encoding, generator
matrix encoding, Turbo encoding, low density parity check encoding, or Hash encoding.

[0042] With regard to the manner of the mapping involved in step S202 of the
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embodiment, the first type of information bits, the second type of information bits, the
third type of information bits, and the fourth type of information bits are mapped in
sequence according to an order of the value of position index in Polar codes or
according to an order of reliabilities of the indexes.

[0043] With regard to the manner of the arranging involved in step S202 of the
embodiment, in a case that indexes of the first type of information bits are firstly
determined, the first type of position indexes involved in the embodiment are indexes
having least index numbers and having a same quantity as that of the first type of
information bits.

[0044] It should be noted that according to the computer simulation result in FIG.
3(a), bits with smaller index numbers in the position indexes have lower BER.
Therefore, placing the first type of bit information (CRI and RI) at the indexes having
least index numbers can improve the performance of CSI reporting.

[0045] Based on the foregoing first type of position indexes, the manner of
determining, from the indexes in the position index set other than the first type of
position indexes determined by the first type of information bits, indexes of the second
type of information bits, indexes of the third type of information bits, and indexes of
the fourth type of information bits in the position index set of step S202 of the
embodiment may include:

Step S202-1: determining, the indexes in the position index set having a
same quantity as that of the fourth type of information bits and having greatest values
as the indexes of the fourth type of information bits; and

Step S202-2: determining, according to the values of position indexes and
quantities of the second type of information bits and the third type of information bits,
the indexes of the second type of information bits and the indexes of the third type of
information bits from the undetermined indexes in the position index set, or the indexes
of the third type of information bits and the indexes of the second type of information
bits from the undetermined indexes in the position index set; or determining, according
to reliabilities of indexes and quantities of the second type of information bits and the

third type of information bits, the indexes of the second type of information bits and the
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indexes of the third type of information bits from the undetermined indexes in the
position index set, or the indexes of the third type of information bits and the indexes
of second type of information bits from the undetermined indexes in the position index
set.

[0046] Based on the foregoing first type of position indexes, the manner of
determining, from the indexes in the position index set other than the first type of
position indexes determined by the first type of information bits, indexes of the second
type of information bits, indexes of the third type of information bits, and indexes of
the fourth type of information bits in the position index set of step S202 of the
embodiment may include:

Step S202-3: determining, from indexes in the position index set other than
the first type of position indexes determined by the first type of information bits,
indexes having a same quantity as that of the second type of information bits and with
the lowest reliabilities as the indexes of the second type of information bits; and

Step S202-4: determining, according to an mapping of position index values
and quantities of the third type of information bits and the fourth type of information
bits, the indexes of the third type of information bits and the indexes of the fourth type
of information bits in sequence from the undetermined indexes in the position index set,
or the indexes of the fourth type of information bits and the indexes of the third type of
information bits in sequence from the undetermined indexes in the position index set;
or determining, according to reliabilities of indexes and quantities of the third type of
information bits and the fourth type of information bits, the indexes of the third type of
information bits and the indexes of the fourth type of information bits in sequence from
the undetermined indexes in the position index set, or the indexes of the fourth type of
information bits and indexes of the third type of information bits in sequence from the
undetermined indexes in the position index set.

[0047] In another optional implementation of the embodiment, in a case that
indexes of the first type of information bits are firstly determined, the first type of
position indexes are indexes having the highest reliabilities and having a same quantity

as that of the first type of information bits in the position index set.
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[0048] It should be noted that according to the attribute of Polar codes, the position
indexes with higher reliabilities have lower BER. Therefore, placing the first type of bit
information (CRI and RI) at indexes with the highest reliabilities among the bit indexes
can improve the performance of CSI reporting.

[0049] Based on the foregoing first type of position indexes, the manner of
determining, from the indexes in the position index set other than the first type of
position indexes determined by the first type of information bits, indexes of the second
type of information bits, indexes of the third type of information bits, and the indexes
of fourth type of information bits in the position index set of step 202 of the embodiment
may include:

Step S202-5: determining, from indexes in the position index set other than
the first type of position indexes determined by the first type of information bits,
indexes having a same quantity as that of the fourth type of information bits and having
greatest index numbers as the indexes of the fourth type of information bits; and

Step S202-6: determining, according to an mapping of position index values
and quantities of the second type of information bits and the third type of information
bits, the indexes of the second type of information bits and the indexes of the third type
of information bits in sequence from the undetermined indexes in the position index set,
or the indexes of the third type of information bits and the indexes of the second type
of information bits in sequence from the undetermined indexes in the position index set;
or

Step S202-7: determining, according to reliabilities of position indexes and
quantities of the second type of information bits and the third type of information bits,
the indexes of the second type of information bits and the indexes of the third type of
information bits in sequence from the undetermined indexes in the position index set,
or the indexes of the third type of information bits and the indexes of the second type
of information bits in sequence from the undetermined indexes in the position index set.
[0050] Based on the foregoing first type of position indexes, the manner of
determining, from the indexes in the position index set other than the first type of

position indexes determined by the first type of information bits, indexes of the second
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type of information bits, indexes of the third type of information bits, and indexes of
the fourth type of information bits in the position index set of step 202 of the
embodiment may include:

Step S202-8: determining, from the indexes in the position index set other
than the first type of position indexes determined by the first type of information bits,
indexes having a same quantity as that of the second type of information bits and with
the lowest reliabilities as the indexes of the second type of information bits; and

Step S202-9: determining, according to an mapping of position index values
and quantities of the third type of information bits and the fourth type of information
bits, the indexes of the third type of information bits and the indexes of the fourth type
of information bits in sequence from the undetermined indexes in the position index set,
or the indexes of the fourth type of information bits and the indexes of the third type of
information bits in sequence from the undetermined indexes in the position index set;
or determining, according to reliabilities of indexes and quantities of the third type of
information bits and the fourth type of information bits, the indexes of the third type of
information bits and the indexes of the fourth type of information bits in sequence from
the undetermined indexes in the position index set, or the indexes of the fourth type of
information bits and the third type of information bits in sequence from the
undetermined indexes in the position index set.

[0051] In another optional implementation of the embodiment, in a case that
indexes of the fourth type of information bits are firstly determined, the fourth type of
position indexes are indexes having greatest index numbers and having a same quantity
as that of the fourth type of information bits in the position index set.

[0052] Based on the foregoing fourth type of position indexes, the manner of
determining, from the indexes in the position index set other than the fourth type of
position indexes determined by the fourth type of information bits, indexes of the first
type of information bits, indexes of the second type of information bits, and indexes of
the third type of information bits in the position index set of step S202 of the
embodiment may include:

Step S202-10: determining, from indexes in the position index set other than
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the fourth type of position indexes determined by the fourth type of information bits,
indexes having a same quantity as that of the first type of information bits and having
greatest values as the indexes of the first type of information bits; and

Step S202-11: determining, according to a mapping of the position index
values and quantities of the second type of information bits and the third type of
information bits, the indexes of the second type of information bits and the indexes of
the third type of information bits in sequence from the undetermined indexes in the
position index set, or the indexes of the third type of information bits and the indexes
of the second type of information bits in sequence from the undetermined indexes in
the position index set; or determining, according to reliabilities of indexes and
quantities of the second type of information bits and the third type of information bits,
the indexes of the second type of information bits and the indexes of the third type of
information bits in sequence from the undetermined indexes in the position index set,
or the indexes of the third type of information bits and the indexes of the second type
of information bits in sequence from the undetermined indexes in the position index set.
[0053] Based on the foregoing fourth type of position indexes, the manner of
determining indexes of the first type of information bits, the second type of information
bits, and the third type of information bits in the position index set from indexes in the
position index set other than the fourth type of position indexes determined by the fourth
type of information bits of step S202 of the embodiment may include:

Step S202-12: determining, from indexes in the position index set other than
the fourth type of position indexes determined by the fourth type of information bits,
indexes having a same quantity as that of the first type of information bits and with the
highest reliabilities as the indexes of the first type of information bits; and

Step S202-13: determining, according to a mapping of position index values
and quantities of the second type of information bits and the third type of information
bits, the indexes of the second type of information bits and the indexes of the third type
of information bits in sequence from the undetermined indexes in the position index set,
or the indexes of the third type of information bits and the indexes of the second type

of information bits in sequence from the undetermined indexes in the position index set;
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or determining, according to reliabilities of indexes and quantities of the second type of
information bits and the third type of information bits, the indexes of the second type
of information bits and the indexes of the third type of information bits in sequence
from the undetermined indexes in the position index set, or the indexes of the third type
of information bits and the indexes of the second type of information bits in sequence
from the undetermined indexes in the position index set.

[0054] It should be noted that, in the first type of information bits, the positional
relationship between the CRI and the RI is: the position of the CRI is in front of the
position of the RI; or, the position of the RI is in front of the position of the CRI; or, the
position of the bit sequence obtained by encoding the CRI according to the first
encoding method is in front of the position of the bit sequence obtained by encoding
the RI according to the first encoding method; or, the position of the bit sequence
obtained by encoding the CRI according to the first encoding method is behind the
position of the bit sequence obtained by encoding the RI according to the first encoding
method.

[0055] Since the value of the CRI may affect the quantity of bits of the RI, for
example, if the quantity of ports of the CSI-RS corresponding to the value CRI is 2,
then the quantity of bits of the RI may be 1, thus the position of the CRI may be set in
front of the position of the RI; or, the position of the bit sequence obtained by encoding
the CRI according to the first encoding method is in front of the position of the bit
sequence obtained by encoding the RI according to the first encoding method.

[0056] In addition, in the third type of information bits, the positional relationship
between the PMI and the CQI is: the position of the PMI is in front of the position of
the CQI; or the position of the CQI is in front of the position of the PMI.

[0057] Since the value of PMI may affect the quantity of bits of the CQI, the
position of the PMI can be set in front of the position of the CQI.

[0058] It should be noted that, if the first type of information bits or the second type
of information bits or the third type of information bits or the fourth type of information
bits are not included during CSI reporting, the subsequent steps can be continued by

skipping this step in the procedure of determining various types of information bits.
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[0059] This disclosure will be exemplified below in combination with specific
implementations of the embodiments.

[0060] In CSI reporting, the lengths of the PMI and the CQI are related to the RI.
Therefore, if the RI (and the CRI; in LTE, the CRI and the RI are jointed coded) can be
placed in some specific positions so that the RI can be determined, it will contribute to
the determination of the padding bit length and content of other information.

[0061] In another aspect, since the bit length of the fourth type of information bits
which is the parity check bits is related to the information length of the CSI, in CSI
reporting, if the parity check bits can be placed after some specific positions and the RI
in other specific positions, the RI can be more easily determined after Polar codes are
decoded, and the padding bit length and other information can be determined later.
[0062] It is assumed that the lengths of the CRI, the RI, the PMI, the CQI, the parity
check bits and the padding bits are L CRI, L RI, L PMIL, L CQI, L A and L Pad,
respectively.

[0063] FIG. 3(a) is a simulation schematic diagram of the relation between indexes

and the BER according to an embodiment of the present disclosure.

Optional implementation 1
[0064] As shown in FIG. 3(a), positions with smaller index sequence numbers are
corresponded by smaller BER. Therefore, in this implementation, the CSI is placed in
the position index set in the following manner:

(1) placing the first type of information bits at the (L_CRI+L_RI) indexes
having least value in the position indexes;

(2) placing the fourth type of information bits at the L. A indexes having
greatest values in the position indexes; and

(3.1) placing the second type of information bits and the third type of
information bits at the remaining positions in sequence according to the index values
(from small to large or vice versa);

The mapping of various types of information in the CSI reporting is:
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The first type of | The second type of | The third type of | The fourth type of

information bits information bits information bits information bits

or

The first type of | The third type of | The second type of | The fourth type of

information bits information bits information bits information bits

[0065] It should be noted that, with the foregoing implementation, the first type of
information bits can be decoded at the earliest time during decoding of Polar codes, so
that the length and position of the second type of information bits and the third type of
information bits can be inferred. Furthermore, the second type of information bits, that
is, the padding bits, can be regarded as known bits (or frozen bits), thereby improving
decoding performance. For details, refer to FIG. 3(b) and Reference [1] (3GPP, RANI
#91 meeting, R1-1719520)

[0066] Specifically, assuming a case of the joint coding for CSI reporting, the bit
length of the CRI L CRI=3, the bit length of the RI L RI=3, and the minimum
information bit length of the CSI (including the CRI, the RI, the PMI, and the CQI) is
14 and the maximum is 23, all the CSI information bits that are joint coded are padded
to 24 bits, and the length of the parity check bits is 11, and the position index set is 1 to
35.

(1) placing the CRI and the RI at the (L CRI+L_RI) indexes having smallest
value in the position indexes; that is, placing the CRI and the RI at indexes with
sequence numbers from 1-6 in the position indexes;

(2) placing the parity check bits at the LA indexes having greatest values
in the position indexes, that is, placing the parity check bits at indexes with index
numbers from 25-35 in the position indexes; and

(3.1) placing the padding bits, the PMI and the CQI at the remaining
positions in sequence according to the index values (from small to large or vice versa);

or

(3.2) placing the second type of information bits and the third type of

information bits at the remaining positions in sequence according to an order of
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reliabilities of indexes (from low to high or vice versa).

Optional implementation 2
[0067] As shown in FIG. 3(a), positions with smaller index sequence numbers are
corresponded by smaller BER. Therefore, in this implementation, the CSI is placed in
the position index set in the following manner:

(1) placing the first type of information bits at the (L CRI+L RI) indexes
having smallest value in the position indexes;

(2) placing the second type of information bits at the L. Pad indexes with
the lowest reliability in the position indexes; and

(3.1) placing the third type of information bits and the fourth type of
information bits at the remaining positions in sequence according to the index values
(from small to large or vice versa); or

(3.2) placing the third type of information bits and the fourth type of
information bits at the remaining positions in sequence according to an order of

reliabilities of indexes (from low to high or vice versa).

Optional implementation 3

[0068] As shown in FIG. 3(a), indexes with higher reliability have lower BER.
Therefore, in this implementation, the CSI is placed in the position index set in the
following manner:

placing the first type of information bits at the (L__CRI+L_RI) indexes with
the highest reliability in the position indexes;

In an example, assuming a case of the joint coding for CSI reporting, the bit
length of the CRI L CRI=3, the bit length of the RI L RI=3, and the minimum
information bit length of the CSI (including the CRI, the RI, the PMI, and the CQI) is
14 and the maximum is 23, and the length of the parity check bits is 11. If all the CSI
information bits that are jointly coded are padded to 23 or 24, and the bit position index
set is 1-34 or 1-35, the index positions of the first type of information bits (that is, the

CRI and the RI) with different code rates calculated by a computer are as shown in
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Table 1.

Table 1: Positions of the first type of information bits with different code rates

Code rate (R) The information length of The information length of
the CSI bits is 23. the CSI bits is 24.
2/3 9,13,17,31,33,34 9,15,16,17,31,35
1/2 1,3,5,9,19,34 1,3,10,20,27,35
1/3 7,8,10,12,13,34 7,8,9,13,14,35
1/6 3,4,8,9,10,14 1,2,3,8,9,14
1/12 3,4,7,8,9,14 1,2,3,4,8,9

(2) placing the fourth type of information bits at the L_A indexes having
greatest values among the remaining of the position indexes; and

(3.1) placing the second type of information bits and the third type of
information bits at the remaining positions in sequence according to the index values
(from small to large or vice versa); or

(3.2) placing the second type of information bits and the third type of
information bits at the remaining positions in sequence according to an arrangement of

reliabilities of indexes (from low to high or vice versa);

Optional implementation 4
[0069] As shown in FIG. 3(a), indexes with higher reliability have lower BER.
Therefore, in this implementation, the CSI is placed in the position index set in the
following manner:

(1) placing the first type of information bits at the (L_CRI+L_RI) indexes
with the highest reliability in the position indexes;

(2) placing the second type of information bits at the L Pad indexes with
the lowest reliability among the remaining indexes in the position indexes; and

(3.1) placing the third type of information bits and the fourth type of

information bits at the remaining positions in sequence according to the index values
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(from small to large or vice versa); or
(3.2) placing the third type of information bits and the fourth type of
information bits at the remaining positions in sequence according to an order of

reliabilities of indexes (from low to high or vice versa).

Optional implementation 5
[0070] Since the bit length of the parity check bits is related to the information
length of the CSI, in CSI reporting, if the parity check bits can be placed after some
specific positions and the RI in other specific positions, the RI can be more easily
determined after polar codes are decoded, and the padding bit length and other
information can be determined later. Therefore, in this implementation, the CSI is
placed in the position index set in the following manner:

(1) placing the fourth type of information bits at the L_A indexes having
greatest values in the position indexes;

(2) placing the first type of information bits at the (L_CRI+L_RI) indexes
with the highest reliability among the remaining indexes in the position indexes; and

(3.1) placing the second type of information bits and the third type of
information bits at the remaining positions in sequence according to the index values
(from small to large or vice versa); or

(3.2) placing the second type of information bits and the third type of
information bits at the remaining positions in sequence according to an order of

reliabilities of indexes (from low to high or vice versa).

Optional implementation 6

[0071] Since the bit length of the parity check bits is related to the information
length of the CSI, in CSI reporting, if the parity check bits can be placed after some
specific positions and the RI in other specific positions, the RI can be more easily
determined after polar codes are decoded, and the padding bit length and other
information can be determined later. Therefore, in this implementation, the CSI is

placed in the position index set in the following manner:
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(1) placing the fourth type of information bits at the L A indexes having
greatest values in the position indexes;

(2) placing the first type of information bits at the (L CRI+L RI) indexes
having greatest sequence numbers among the remaining indexes in the position indexes;
and

(3.1) placing the second type of information bits and the third type of
information bits at the remaining positions in sequence according to the index values
(from small to large or vice versa); or

(3.2) placing the second type of information bits and the third type of
information bits at the remaining positions in sequence according to an order of
reliabilities of indexes (from low to high or vice versa);

[0072] With regard to the forgoing optional implementations 1-6, the first type of
information bits can be CRI and/or RI, or, bit sequence encoded by using the CRI and
/or RI information. The encoding method can be: Reed-Muller encoding, parity check
codes, cyclic redundancy check encoding, BCH encoding, Hamming code encoding,
convolutional encoding, generator matrix encoding, Turbo encoding, low density parity
check encoding, or Hash encoding.

[0073] It should be noted that, the length and position of the padding bits may be
obtained by a receiver according to contents of the CRI and the RI after Polar codes are
decoded, and the CRI, the RI and padding bits may be regarded as known bits to
perform Polar codes decoding again so that the performance of the remaining
information can be improved. Specifically, the performance curves are shown in FIG.
3(b).

[0074] From the description of the forgoing implementations, those skilled in the
art could clearly understand that the method according to the forgoing embodiment can
be achieved by software together with the necessary general-purpose hardware
platforms, and certainly can also be achieved only by hardware, but the former would
be preferred in many occasions. Based on this understanding, the technical solution of
the present disclosure in nature or the portion by which the disclosure contributes to the

prior art can be implemented in the form of software products, and the computer
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software products are stored in such a storage medium as ROM/RAM, hard disk,
compact disk and the like, containing several instructions capable of enabling a terminal
device (a cell phone, a computer, a server, or a network device) to execute the method

described in the embodiments of the present disclosure.

Embodiment 2

[0075] In this embodiment, an apparatus for encoding CSI is also provided. The
apparatus is used to implement the foregoing embodiments and implementations, and
those which have been illustrated will not be described herein further. As used hereafter,
the term “module” may implement a combination of software and/or hardware of a
predetermined function. The apparatus described in the following embodiment is
preferably implemented as software, but hardware or a combination of software and
hardware, are also possible and can be contemplated.

[0076] FIG. 4 is a structural block diagram of an apparatus for encoding CSI
according to an embodiment of the present disclosure. As shown in FIG. 4, the
apparatus includes:

a mapping module 42 used to map the CSI and a fourth type of information
bits according to indexes in a position index set; where the CSI includes: a first type of
information bits, a second type of information bits, and a third type of information bits;
a manner of the mapping is: placing the first type of information bits in the first type of
position indexes of the position index set, and determining, from the indexes in the
position index set other than the first type of position indexes determined by the first
type of information bits, indexes of the second type of information bits, indexes of the
third type of information bits, and indexes of the fourth type of information bits in the
position index set; or a manner of the mapping is: placing the fourth type of information
bits in the fourth type of position indexes of the position index set, and determining,
from the indexes in the position index set other than the fourth type of position indexes
determined by the fourth type of information bits, indexes of the first type of

information bits, indexes of the second type of information bits, and indexes of the third
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type of information bits in the position index set; and
an encoding module 44 coupled to the mapping module 42 used to perform
Polar codes encoding on the mapped CSI and the fourth type of information bits to
obtain an encoded bit sequence.
[0077] It should be noted that the forgoing modules may be implemented by
software or hardware. In the case of hardware, they can be implemented in but is not
limited to the following manner: the forgoing modules are all located in a same
processor; or the forgoing modules are respectively located in different processors in
any arbitrary combination.
[0078] A storage medium including a program stored therein is further provided in
an embodiment of the present disclosure, where the program when executed, performs
any one of the forgoing methods.
[0079] Optionally, in the embodiment, the foregoing storage medium may be
configured to store program codes for performing the following steps:
S1: mapping CSI according to indexes in the position index set;
where a manner of the mapping is: placing the first type of information bits
of the CSI in the first type of position indexes of the position index set, and determining,
from the indexes in the position index set other than the first type of position indexes
determined by the first type of information bits, indexes of the second type of
information bits, indexes of the third type of information bits, and indexes of the fourth
type of information bits in the position index set; or a manner of the mapping is: placing
the fourth type of information bits in the fourth type of position indexes of the position
index set, and determining, from the indexes in the position index set other than the
fourth type of position indexes determined by the fourth type of information bits,
indexes of the first type of information bits, indexes of the second type of information
bits, and indexes of the third type of information bits in the position index set; and
S2: performing Polar codes encoding on the mapped CSI and the fourth
type of information bits to obtain an encoded bit sequence.
[0080] Optionally, in this embodiment, the foregoing storage medium may include

but is not limited to: a USB flash drive, a read-only memory ROM, a random access
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memory RAM, a mobile hard disk, a magnetic disk, an optical disc, or any medium that
can store program codes.
[0081] A processor for executing a program is further provided in an embodiment
of the present disclosure, where the program when executed, performs steps in any one
of the forgoing methods.
[0082] Optionally, in the embodiment, the foregoing program is configured to
perform the following steps:
S1: mapping the CSI according to indexes in a position index set;
where a manner of the mapping is: placing the first type of information bits

of the CSI in the first type of position indexes of the position index set, and determining,
from the indexes in the position index set other than the first type of position indexes
determined by the first type of information bits, indexes of the second type of
information bits, indexes of the third type of information bits, and indexes of the fourth
type of information bits in the position index set; or a manner of the mapping is: placing
the fourth type of information bits in the fourth type of position indexes of the position
index set, and determining, from the indexes in the position index set other than the
fourth type of position indexes determined by the fourth type of information bits,
indexes of the first type of information bits, indexes of the second type of information
bits, and indexes of the third type of information bits in the position index set; and

S2: performing Polar codes encoding on the mapped CSI and the fourth type
of information bits to obtain an encoded bit sequence.
[0083] Optionally, the specific examples in this embodiment may refer to the

foregoing embodiment and the examples described in the optional implementations,
and will not be described herein again in this embodiment,

[0084] Optionally, a communication device is further provided in an embodiment
of the present disclosure, including:

a memory for storing CSI and a fourth type of information bits; and

a Polar codes encoder used to perform Polar codes encoding on the CSI and

the fourth type of information bits to obtain an encoded bit sequence.
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[0085]  Where the CSI includes: a first type of information bits, a second type of
information bits, and a third type of information bits. The CSI and the fourth type of
information bits are mapped in the following manner: the first type of information bits,
the second type of information bits, the third type of information bits, and the fourth
type of information bits are mapped in sequence according to an order of the value of
position index in Polar codes or according to an order of reliabilities of the indexes.
[0086] Specifically, as shown in FIG. 5, the communication device 200 includes an
encoder 206, a decoder 212, and a transceiver 214 that transmits and/or receives code
words after Polar codes encoding via a communication channel. The encoder 206
includes a memory 202 and a Polar codes encoder 204. The memory 202 can be used
to store data (CSI and the fourth type of information bits) encoded by the Polar codes
encoder 204. The Polar codes encoder 204 is used to perform Polar codes encoding on
the CSI and the fourth type of information bits stored in the memory 202 to obtain an
encoded bit sequence and transmit the bit sequence to another device.
[0087] Optionally, the specific examples in this embodiment may refer to the
foregoing embodiment and the examples described in the optional implementations,
and will not be described herein again in this embodiment.
[0088] Optionally, a communication device is further provided in an embodiment
of the present disclosure, including:

a Polar codes encoder configured to perform Polar codes encoding on CSI
and a fourth type of information bits in order to obtain an encoded bit sequence; and

a Polar codes decoder for decoding Polar codes.
[0089] Where the CSI includes: a first type of information bits, a second type of
information bits, and a third type of information bits. The CSI and a fourth type of
information bits are mapped in the following manner: the first type of information bits,
the second type of information bits, the third type of information bits, and the fourth
type of information bits are mapped in sequence according to an order of the value of
position indexes in Polar codes or according to an order of reliabilities of the indexes.
[0090] Specifically, as shown in FIG. 6, a communication device 314 includes a

transceiver 302, a processor 304 and a memory 306. The transceiver 302 may receive
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data from or to the communication device 314. For example, the transceiver 302 can
receive and/or transmit information bits between the communication device 314 and a
CPU. The transceiver (encoder interface) 302 can further output and/or receive code
words of the Polar codes between the communication device 314 and another
communication device in the network. The memory 306 may include a data storage 308
that can be used as a local cache to store received information bits and/or code words.
In addition, the memory 306 can also include non-transitory computer readable storage
media (e.g. one or more non-volatile memory elements such as EPROM, eepm, flash
memory, hard disk, and the like) that can store the following software modules: a Polar
codes encoding module 310 that performs encoding in the manner of Polar codes
encoding, and Polar codes decoding module 312 configured to decode the Polar codes
codewords.

[0091] Optionally, the specific examples in this embodiment may refer to the
examples described in the foregoing embodiment and the optional implementations,
and will not be described herein again in this embodiment.

[0092] Obviously, those skilled in the art should understand that modules or steps
of the foregoing disclosure may be implemented by a universal computing apparatus,
and may be integrated in a single computing apparatus, or distributed on a network
consisting of a plurality of computing apparatuses. Optionally, they may be
implemented by executable program codes of the computing apparatus, such that they
may be stored in a storage apparatus for execution by the computing apparatus; and in
some cases, the steps shown or described may be performed in an order different from
the one herein, or they may be respectively fabricated into integrated circuit modules,
or a plurality of modules or steps may be fabricated into a single integrated circuit
module. As such, the present disclosure is not limited to any specific combination of
hardware and software.

[0093] The foregoing description is only a preferred embodiment of the present
disclosure, and is not intended to limit the disclosure. For those skilled in the art, various
changes and modifications may be made to the present disclosure. All the modification,

equivalent substitution, or improvement made within the principle of the present
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disclosure shall fall within the protection scope of the present disclosure.

Industrial applicability

[0094] The present disclosure is applicable to the field of communication, and is
used to improve the BLER performance in CSI reporting, thereby solving the problem
that the position of various types of information in the CSI reporting cannot be

reasonably mapped in the related art.
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CLAIMS

1. A method for encoding channel state information (CSI), comprising:

mapping the CSI and a fourth type of information bits according to indexes in a position
index set;

wherein the CSI comprises a first type of information bits, a second type of information
bits, and a third type of information bits; and

wherein the mapping comprises placing the first type of information bits, the second type
of information bits, the third type of information bits and the fourth type of information bits in
the position index set according to values of position indexes from small to large; and

performing Polar codes encoding on the mapped CSI and the fourth type of information

bits to obtain an encoded bit sequence, wherein

the first type of information bits comprise a CSI-RS resource indicator (CRI) and a rank
indicator (RI), wherein

the second type of information bits are padding bits;

the third type of information bits at least comprise one of the following: a precoding matrix
indicator (PMI) or a channel quality indicator (CQI); and

the fourth type of information bits are parity check bits.

2. The method according to claim 1, wherein the indexes of the first type of information
bits are firstly determined and the first type of position indexes are indexes having smallest
index numbers and having a same quantity as that of the first type of information bits in the

position index set.

3. The method according to claim 2, wherein the determining, from the indexes in the
position index set other than the first type of position indexes determined by the first type of
information bits, the indexes of the second type of information bits, the indexes of the third type
of information bits, and the indexes of the fourth type of information bits in the position index
set comprises:

determining indexes having the same quantity as that of the fourth type of information bits
and having the largest values in the position index set as the indexes of the fourth type of
information bits; and

determining, according to an arrangement of position index values and quantities of the
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second type of information bits and the third type of information bits, the indexes of the second
type of information bits and the indexes of the third type of information bits in sequence from

undetermined indexes in the position index set.

4. The method according to claim 1, wherein a positional relationship between the CRI
and the RI of the first type of information bits is a position of the CRI is before a position of the
RIL

5. An apparatus for encoding channel state information (CSI), comprising:

a mapping module used to map the CSI and a fourth type of information bits according to
indexes in a position index set;

wherein the CSI comprises a first type of information bits, a second type of information
bits, and a third type of information bits; and

wherein the mapping comprises placing the first type of information bits, the second type
of information bits, the third type of information bits and the fourth type of information bits in
the position index set according to values of position indexes from small to large; and

an encoding module used to perform Polar codes encoding on the mapped CSI and the
fourth type of information bits to obtain an encoded bit sequence, wherein

the first type of information bits comprise a CSI-RS resource indicator (CRI) and a rank
indicator (RI), wherein

the second type of information bits are padding bits;

the third type of information bits at least comprise one of the following: a precoding matrix
indicator (PMI) and a channel quality indicator (CQI); and

the fourth type of information bits are parity check bits.

6. The apparatus according to claim 5, wherein the mapping module is configured to
determine firstly indexes of the first type of information bits and the first type of position
indexes are indexes having smallest index numbers and having a same quantity as that of the

first type of information bits in the position index set.

7. The apparatus according to claim 6, wherein the determining, from the indexes in the
position index set other than the first type of position indexes determined by the first type of
information bits, the indexes of the second type of information bits, the indexes of the third type
of information bits, and the indexes of the fourth type of information bits in the position index

set comprises:
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determining indexes having the same quantity as that of the fourth type of information bits
and having the largest values in the position index set as the indexes of the fourth type of
information bits; and

determining, according to an arrangement of position index values and quantities of the
second type of information bits and the third type of information bits, the indexes of the second
type of information bits and the indexes of the third type of information bits in sequence from

undetermined indexes in the position index set.

8. The apparatus according to claim 5, wherein a positional relationship between the CRI
and the RI of the first type of information bits is a position of the CRI is before a position of the
RIL

9. A device comprising a storage medium and a processor, the medium comprising a
program stored therein, wherein the processor is configured to execute the program, and the

program when executed, performs the method according to claim 1.

10. The device according to claim 9, wherein the program when executed, performs the

method according to claim 2.

11. The device according to claim 9, wherein the program when executed, performs the

method according to claim 3.

12. The device according to claim 9, wherein the program when executed, performs the

method according to claim 4.
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