10

15

20

25

DATA ENCODING METHOD AND RELATED APPARATUS

[0001] This application claims priority to Chinese Patent Application No. 202311295101.1,
filed with the China National Intellectual Property Administration on September 28, 2023 and
entitled "DATA ENCODING METHOD AND RELATED APPARATUS", which is incorporated

herein by reference in its entirety.

TECHNICAL FIELD

[0002] Embodiments of this application relate to the field of optical communication, and in

particular, to a data encoding method and a related apparatus.

BACKGROUND

[0003] Driven by continuous advancement of 5G, cloud computing, big data, artificial
intelligence, and the like, optical communication systems and optical transport networks (optical
transport networks, OTN) are evolving toward large capacity and ultra-high speeds. Forward error
correction (forward error correction, FEC) encoding is used to correct transmission bit errors, so
that original data sent from a transmitter can be recovered from received data.

[0004] In a 400G ZR scenario, an optical module uses CFEC (Concatenated-FEC) as an error
correction encoding scheme, which includes a staircase code as an outer code, and a double-bit
extended Hamming (hamming) code as an inner code. In a future 1.6T ZR scenario, due to a
significant increase in transmission rates, power consumption issues faced by existing CFEC
schemes become more severe, and an encoding and decoding scheme with lower power

consumption is urgently needed.

SUMMARY

[0005] Embodiments of this application provide a data encoding method and a related
apparatus, to reduce encoding complexity without changing a length of an inner codeword and
redundancy costs.

[0006] According to a first aspect, an embodiment of this application provides a data encoding
method. Specifically, consecutive k bits in a first data stream obtained through first forward error
correction (forward error correction, FEC) encoding are first obtained, and the first FEC encoding

may be considered as outer encoding. k is an odd number greater than 1, the consecutive k bits
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include a bit set and a target bit, the bit set includes (k—1)/2 bit subsets, and each bit subset includes
two bits. Then, inner encoding is performed on the consecutive k bits to obtain a codeword. A
specific operation of the inner encoding is as follows: first, performing an exclusive OR operation
on the two bits in each bit subset to obtain one bit, to obtain a total of (k—1)/2 bits; and then,
performing second FEC encoding on a bit sequence that includes the (k-1)/2 bits and the target
bit, to obtain p parity bits. The codeword obtained through inner encoding includes the consecutive
k bits and the p parity bits, where p is an integer greater than or equal to 1.

[0007] In this implementation, for a first data stream obtained through outer encoding, inner
encoding needs to be performed on every consecutive k bits in the first data stream, where k is an
odd number greater than 1. Specifically, a total of (k—1)/2 bits may be obtained by performing an
exclusive OR operation on every two of remaining bits other than one target bit in the k bits.
Further, second FEC encoding is performed on the bit sequence that includes the (k—1)/2 bits and
the target bit, to obtain the p parity bits. n bits in an inner codeword obtained through inner
encoding include the consecutive k bits and the p parity bits. It can be learned that, in embodiments
of this application, an exclusive OR operation first and then encoding manner is used. For example,
(128, 119) codeword processing may be implemented via a (69, 60) encoder, so that encoding
complexity is reduced without changing a length of the inner codeword and redundancy costs.
[0008] In some possible implementations, the two bits in each bit subset are two adjacent bits
in the consecutive k bits, and selecting the two adjacent bits to perform an exclusive OR operation
is easier to implement, thereby facilitating standardization.

[0009] In some possible implementations, the p parity bits are located after the consecutive k
bits in the codeword, and the target bit is a last bit in the consecutive k bits; or the p parity bits are
located before the consecutive k bits in the codeword, and the target bit is a 1% bit in the consecutive
k bits. In other words, the 1% bit or the last bit in an information sequence of the k bits is selected
as the target bit, and a parity sequence of the p parity bits is arranged close to the target bit. This
is more conducive to distribution of the information sequence and the parity sequence in the inner
codeword.

[0010] In some possible implementations, after performing inner encoding on the consecutive
k bits to obtain the codeword, the method further includes: performing symbol mapping and
polarization distribution on eight bits from four bit subsets in a second data stream that includes at
least one codeword to obtain one dual-polarization (Dual-polarization, DP)-16QAM symbol,
where the four bit subsets are respectively mapped, through Gray mapping, to an | component in
an X polarization direction, a Q component in the X polarization direction, an | componentinaY
polarization direction, and a Q component in the Y polarization direction that are of the DP-
16QAM symbol. In other words, any component of the DP-16QAM symbol is obtained by
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performing Gray mapping on two bits of one bit subset participating in the exclusive OR operation.
Therefore, generally, at most one error bit occurs in two bits mapped to a same PAM4 symbol,
thereby reducing a likelihood of an error bit.

[0011] In some possible implementations, the second FEC encoding is BCH encoding or

extended BCH encoding over a finite field GF(2™) with t-bit error correction, to enrich encoding
modes that may be used for the inner encoding. Mt < p, and % +p <2™—1,thatis, avalue

of m in GF(2™) is not unique. For example, if the value of m is subtracted by 1 based on an
original value, a quantity of parity bits may be reduced by t when encoding is performed in this
manner, so that a bit rate of the codeword is increased and overheads of the codeword are reduced
when a length of information bits is unchanged.
[0012] In some possible implementations, k=119, and GF(2™) used in the second FEC
encoding is GF(28) or GF(27). In a scenario in which k=119, implementability of the inner
encoding is improved.
[0013] In some possible implementations, a length of the codeword is n, the second FEC
encoding is the BCH encoding over GF(2™) with t-bit error correction, and a correspondence
among n, k, GF(2™), t, and p is one of the following:

n=133, k=119, GF(2™)= GF(27), t=2, and p=14; and

n=135, k=119, GF(2™)= GF(28), t=2, and p=16.
[0014] In some possible implementations, a length of the codeword is n, the second FEC
encoding is the extended BCH encoding over the finite field GF(2™) with t-bit error correction,
the p parity bits include a cyclic redundancy check (cyclic redundancy check, CRC) extended
check field of g bits, and a correspondence among n, k, GF(2™), t, p, and q is one of the following:

n=128, k=119, GF(2™)=GF(27), t=1, p=9, and q=2;

n=134, k=119, GF(2™)= GF(27), t=2, p=15, and g=1;

n=135, k=119, GF(2™)= GF(27), t=2, p=16, and q=2;

n=136, k=119, GF(2™)= GF(28), t=2, p=17, and =1, and

n=137, k=119, GF(2™)= GF(28®), t=2, p=18, and g=2.
[0015] According to a second aspect, an embodiment of this application provides a data
encoding method. Specifically, consecutive k bits in a first data stream obtained through first FEC
encoding is performed, and the first FEC encoding may be considered as outer encoding. k is an
integer greater than or equal to 3, the consecutive k bits include v bit subsets, each bit subset
includes three bits, and v is an integer greater than or equal to 1. Then, inner encoding is performed
on the consecutive k bits to obtain a codeword. A specific operation of the inner encoding is as

follows: first, performing an exclusive OR operation on the three bits in each bit subset to obtain
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one bit, to obtain a total of v bits; and then, performing second FEC encoding on a bit sequence
that includes the v bits, to obtain p parity bits. The codeword obtained through inner encoding
includes the consecutive k bits and the p parity bits, where p is an integer greater than or equal to
1.

[0016] In this implementation, for a first data stream obtained through outer encoding, inner
encoding needs to be performed on every consecutive k bits in the first data stream, where k is an
odd number greater than 1. Specifically, an exclusive OR operation is performed on every three
bits in the k bits to obtain a total of v bits. Further, second FEC encoding is performed on the v
bits, to obtain the p parity bits. n bits in an inner codeword obtained through inner encoding include
the consecutive k bits and the p parity bits. It can be learned that, in embodiments of this
application, an exclusive OR operation first and then encoding manner is used. For example, (128,
119) codeword processing may be implemented via a (50, 41) encoder, so that encoding
complexity is reduced without changing a length of the inner codeword and redundancy costs.
[0017] In some possible implementations, the three bits in each bit subset are consecutive three
bits in the consecutive k bits, and selecting every consecutive three bits to perform an exclusive
OR operation is easier to implement, thereby facilitating standardization.

[0018] In some possible implementations, k=vx3, that is, an exclusive OR operation may be
performed on exactly every three bits in the k bits, and this has good practicability.

[0019] In some possible implementations, the consecutive k bits further include r target bits,
where k=vx3+r, and r=1 or 2. Performing second FEC encoding on the bit sequence that includes
the v bits to obtain the p parity bits includes: performing second FEC encoding on the bit sequence
that includes the v bits and the r target bits, to obtain the p parity bits. In other words, this scheme
may also be applied to a scenario in which k is not divisible by 3, thereby expanding scope of
application scenarios of this scheme.

[0020] In some possible implementations, the p parity bits are located after the consecutive k
bits in the codeword, and the target bits are last r bits in the consecutive k bits; or the p parity bits
are located before the consecutive k bits in the codeword, and the target bits are first r bits in the
consecutive k bits. In other words, the first r bits or the last r bits in an information sequence of
the k bits are selected as the target bits, and a parity sequence of the p parity bits is arranged close
to the target bit. This is more conducive to distribution of the information sequence and the parity
sequence in the inner codeword.

[0021] In some possible implementations, after performing inner encoding on the consecutive
k bits to obtain the codeword, the method further includes: performing symbol mapping and
polarization distribution on 12 bits from four bit subsets in a second data stream that includes at
least one codeword to obtain one DP-64QAM symbol, where the four bit subsets are respectively
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mapped, through Gray mapping, to an | component in an X polarization direction, a Q component
in the X polarization direction, an | component in a 'Y polarization direction, and a Q component
in the Y polarization direction that are of the DP-64QAM symbol, and the X polarization direction
and the Y polarization direction are orthogonal to each other. In other words, any component of
the DP-64QAM symbol is obtained by performing Gray mapping on three bits of one bit subset
participating in the exclusive OR operation. Therefore, generally, at most one error bit occurs in
three bits mapped to a same PAMS8 symbol, thereby reducing a likelihood of an error bit.
[0022] In some possible implementations, the second FEC encoding is BCH encoding or
extended BCH encoding over a finite field GF(2™) with t-bit error correction, to enrich encoding
modes that may be used for the inner encoding. mt < p,andv +r < 2™ — 1 — p, that is, a value
of m in GF(2™) is not unique. For example, if the value of m is subtracted by 1 based on an
original value, a quantity of parity bits may be reduced by t when encoding is performed in this
manner, so that a bit rate of the codeword is increased and overheads of the codeword are reduced
when a length of information bits is unchanged.
[0023] In some possible implementations, k=119, and GF(2™) used in the second FEC
encoding is GF(28), GF(27), or GF(2°). In a scenario in which k=119, implementability of the
inner encoding is improved.
[0024] In some possible implementations, a length of the codeword is n, the second FEC
encoding is the BCH encoding over GF(2™) with t-bit error correction, and a correspondence
among n, k, GF(2™), t, and p is one of the following:

n=131, k=119, GF(2™)= GF(2°), t=2, and p=12;

n=133, k=119, GF(2™)= GF(27), t=2, and p=14; and

n=135, k=119, GF(2™)= GF(28), t=2, and p=16.
[0025] In some possible implementations, a length of the codeword is n, the second FEC
encoding is the extended BCH encoding over the finite field GF(2™) with t-bit error correction,
the p parity bits include a cyclic redundancy check CRC extended check field of g bits, and a
correspondence among n, k, GF(2™), t, p, and q is one of the following:

n=127, k=119, GF(2™)= GF(2°), t=1, p=8, and gq=2;

n=128, k=119, GF(2™)= GF(27), t=1, p=9, and g=2;

n=132, k=119, GF(2™)= GF(2°), t=2, p=13, and g=1;

n=133, k=119, GF(2™)= GF(2°), t=2, p=14, and gq=2;

n=134, k=119, GF(2™)= GF(27), t=2, p=15, and g=1;

n=135, k=119, GF(2™)= GF(27), t=2, p=16, and gq=2;

n=136, k=119, GF(2™)= GF(28®), t=2, p=17, and g=1; and

n=137, k=119, GF(2™)= GF(28), t=2, p=18, and g=2.
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[0026] According to a third aspect, an embodiment of this application provides a data encoding
apparatus. The data encoding apparatus includes an obtaining unit and an encoding unit. The
obtaining unit is configured to: obtain consecutive k bits in a first data stream obtained through
first FEC encoding, where k is an odd number greater than 1, the consecutive k bits include a bit
set and a target bit, the bit set includes (k—1)/2 bit subsets, and each bit subset includes two bits;
and the encoding unit is configured to: perform inner encoding on the consecutive k bits to obtain
a codeword, where the encoding unit is specifically configured to: perform an exclusive OR
operation on the two bits in each bit subset to obtain one bit, to obtain a total of (k-1)/2 bits; and
perform second FEC encoding on a bit sequence that includes the (k—1)/2 bits and the target bit,
to obtain p parity bits. The codeword obtained through inner encoding includes the consecutive k
bits and the p parity bits, where p is an integer greater than or equal to 1.

[0027] In some possible implementations, the two bits in each bit subset are two adjacent bits
in the consecutive k bits.

[0028] In some possible implementations, the p parity bits are located after the consecutive k
bits in the codeword, and the target bit is a last bit in the consecutive k bits; or the p parity bits are
located before the consecutive k bits in the codeword, and the target bit is a 1% bit in the consecutive
K bits.

[0029] In some possible implementations, the data encoding apparatus further includes a
mapping unit, and the mapping unit is configured to: perform symbol mapping and polarization
distribution on eight bits from four bit subsets in a second data stream that includes at least one
codeword to obtain one DP-16QAM symbol, where the four bit subsets are respectively mapped
to an | component in an X polarization direction, a Q component in the X polarization direction,
an | component in a 'Y polarization direction, and a Q component in the Y polarization direction
that are of the DP-16QAM symbol, and the X polarization direction and the Y polarization
direction are orthogonal to each other.

[0030] In some possible implementations, the second FEC encoding is BCH encoding or

extended BCH encoding over GF(2™) with t-bit error correction, where both m and t are integers
greater than or equal to 1, mt < p, and % +p<2m—-1.

[0031] In some possible implementations, k=119, and GF(2™) used in the second FEC
encoding is GF(28) or GF(27).
[0032] In some possible implementations, a length of the codeword is n, the second FEC
encoding is the BCH encoding over GF(2™) with t-bit error correction, and a correspondence
among n, k, GF(2™), t, and p is one of the following:

n=133, k=119, GF(2™)= GF(27), t=2, and p=14; and

n=135, k=119, GF(2™)= GF(28), t=2, and p=16.
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[0033] In some possible implementations, a length of the codeword is n, the second FEC
encoding is the extended BCH encoding over the finite field GF(2™) with t-bit error correction,
the p parity bits include a cyclic redundancy check CRC extended check field of g bits, and a
correspondence among n, k, GF(2™), t, p, and q is one of the following:

n=128, k=119, GF(2™)=GF(27), t=1, p=9, and q=2;

n=134, k=119, GF(2™)= GF(27), t=2, p=15, and g=1;

n=135, k=119, GF(2™)= GF(27), t=2, p=16, and g=2;

n=136, k=119, GF(2™)= GF(28), t=2, p=17, and =1, and

n=137, k=119, GF(2™)= GF(28®), t=2, p=18, and g=2.
[0034] According to a fourth aspect, an embodiment of this application provides a data
encoding apparatus. The data encoding apparatus includes an obtaining unit and an encoding unit.
The obtaining unit is configured to: obtain consecutive k bits in a first data stream obtained through
first FEC encoding, where k is an integer greater than or equal to 3, the consecutive k bits include
v bit subsets, each bit subset includes three bits, and v is an integer greater than or equal to 1; and
the encoding unit is configured to: perform inner encoding on the consecutive k bits to obtain a
codeword, where the encoding unit is specifically configured to: perform an exclusive OR
operation on the three bits in each bit subset to obtain one bit, to obtain a total of v bits; and perform
second FEC encoding on a bit sequence that includes the v bits, to obtain p parity bits. The
codeword obtained through inner encoding includes the consecutive k bits and the p parity bits,
where p is an integer greater than or equal to 1.
[0035] In some possible implementations, the three bits in each bit subset are consecutive three
bits in the consecutive k bits.
[0036] In some possible implementations, k=vx3.
[0037] In some possible implementations, the consecutive k bits further include r target bits,
where k=vx3+r, and r=1 or 2, and the encoding unit is specifically configured to: perform second
FEC encoding on the bit sequence that includes the v bits and the r target bits, to obtain the p parity
bits.
[0038] In some possible implementations, the p parity bits are located after the consecutive k
bits in the codeword, and the target bits are last r bits in the consecutive k bits; or the p parity bits
are located before the consecutive k bits in the codeword, and the target bits are first r bits in the
consecutive k bits.
[0039] In some possible implementations, the data encoding apparatus further includes a
mapping unit, and the mapping unit is configured to: perform symbol mapping and polarization
distribution on 12 bits from four bit subsets in a second data stream that includes at least one

codeword to obtain one DP-64QAM symbol, where the four bit subsets are respectively mapped
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to an | component in an X polarization direction, a Q component in the X polarization direction,
an | component in a 'Y polarization direction, and a Q component in the Y polarization direction
that are of the DP-64QAM symbol, and the X polarization direction and the Y polarization
direction are orthogonal to each other.
[0040] In some possible implementations, the second FEC encoding is BCH encoding or
extended BCH encoding over GF(2™) with t-bit error correction, where both m and t are integers
greater than orequal to 1, mt < p,andv+r < 2™ -1 —p.
[0041] In some possible implementations, k=119, and GF(2™) used in the second FEC
encoding is GF(28), GF(27), or GF(2°).
[0042] In some possible implementations, a length of the codeword is n, the second FEC
encoding is the BCH encoding over GF(2™) with t-bit error correction, and a correspondence
among n, k, GF(2™), t, and p is one of the following:

n=131, k=119, GF(2™)= GF(2°), t=2, and p=12;

n=133, k=119, GF(2™)= GF(27), t=2, and p=14; and

n=135, k=119, GF(2™)= GF(28), t=2, and p=16.
[0043] In some possible implementations, a length of the codeword is n, the second FEC
encoding is the extended BCH encoding over the finite field GF(2™) with t-bit error correction,
the p parity bits include a cyclic redundancy check CRC extended check field of g bits, and a
correspondence among n, k, GF(2™), t, p, and q is one of the following:

n=127, k=119, GF(2™)= GF(2°), t=1, p=8, and gq=2;

n=128, k=119, GF(2™)= GF(27), t=1, p=9, and g=2;

n=132, k=119, GF(2™)= GF(2°), t=2, p=13, and g=1;

n=133, k=119, GF(2™)= GF(2°), t=2, p=14, and gq=2;

n=134, k=119, GF(2™)= GF(27), t=2, p=15, and g=1,

n=135, k=119, GF(2™)= GF(27), t=2, p=16, and gq=2;

n=136, k=119, GF(2™)= GF(28), t=2, p=17, and g=1; and

n=137, k=119, GF(2™)= GF(28®), t=2, p=18, and g=2.
[0044] According to a fifth aspect, an embodiment of this application provides a chip. The
chip includes a processor and a memory, the memory and the processor are connected to each other
through a line, the memory stores instructions, and the processor is configured to perform the
method described in any one of the implementations of the first aspect and the second aspect.
[0045] According to a sixth aspect, an embodiment of this application provides a data
transmission system. The data transmission system includes a data sending device and a data
receiving device. The data sending device is configured to: perform the method described in any

one of the implementations of the first aspect and the second aspect and send data to the data
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receiving device. The data receiving device is configured to perform an operation like decoding
on the received data.

[0046] According to a seventh aspect, an embodiment of this application provides a computer-
readable storage medium, where the computer-readable storage medium stores a computer
program, and when the computer program is executed by a computer, the method described in any

one of the implementations of the first aspect and the second aspect is implemented.

BRIEF DESCRIPTION OF DRAWINGS

[0047] FIG. 1 is a diagram of a communication system to which an embodiment of this
application is applied;

[0048] FIG. 2 is a diagram of another communication system to which an embodiment of this
application is applied,;

[0049] FIG. 3 is a schematic flowchart of a data encoding method according to an embodiment
of this application;

[0050] FIG. 4(a) is a diagram of an implementation of performing an exclusive OR operation
on every two bits according to an embodiment of this application;

[0051] FIG. 4(b) is a diagram of another implementation of performing an exclusive OR
operation on every two bits according to an embodiment of this application;

[0052] FIG. 4(c) is a diagram of an implementation of performing an exclusive OR operation
on every three bits according to an embodiment of this application;

[0053] FIG. 5 is a diagram of an implementation of inner encoding according to an
embodiment of this application;

[0054] FIG. 6 is a diagram of a first application scenario of inner encoding according to an
embodiment of this application;

[0055] FIG. 7 is a diagram of a second application scenario of inner encoding according to an
embodiment of this application;

[0056] FIG. 8 is a diagram of a third application scenario of inner encoding according to an
embodiment of this application;

[0057] FIG. 9 is a diagram of a fourth application scenario of inner encoding according to an
embodiment of this application;

[0058] FIG. 10 is a diagram of a fifth application scenario of inner encoding according to an
embodiment of this application;

[0059] FIG. 11 is a diagram of a sixth application scenario of inner encoding according to an

embodiment of this application;
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[0060] FIG. 12 is a diagram of a seventh application scenario of inner encoding according to
an embodiment of this application;

[0061] FIG. 13 is a diagram of a structure of a data encoding apparatus according to an
embodiment of this application; and

[0062] FIG. 14 is a diagram of another structure of a data encoding apparatus according to an

embodiment of this application.

DESCRIPTION OF EMBODIMENTS

[0063] Embodiments of this application provide a data encoding method and a related
apparatus, to reduce encoding complexity without changing a length of an inner codeword and
redundancy costs. It should be noted that in the specification, claims, and the foregoing
accompanying drawings of this application, the terms "first", "second”, and the like are intended
to distinguish similar objects but do not limit a specific order or sequence. It should be understood
that the foregoing terms may be interchanged in proper cases, so that embodiments described in
this application can be implemented in other orders than the order in the content described in this
application. In addition, the terms "include”, "have", and any other variant thereof are intended to
cover a non-exclusive inclusion. For example, a process, method, system, product, or device that
includes a list of steps or units is not necessarily limited to those expressly enumerated steps or
units, but may include other steps or units not expressly enumerated or inherent to such a process,
method, product, or device.

[0064] FIG. 1 is a diagram of a communication system to which an embodiment of this
application is applied. As shown in FIG. 1, the communication system includes a transmitter device
01, a transmitter processing module 02, a channel transmission medium 03, a receiver processing
module 04, and a receiver device 05. For example, the communication system is a data center
network. The transmitter device 01 and the receiver device 05 may be devices such as a switch or
a router, the transmitter device 01 is also referred to as a host chip (host chip) located at a
transmitter, the receiver device 05 is also referred to as a host chip located at a receiver, and the
channel transmission medium 03 may be an optical fiber. The host chip is also sometimes referred
to as a host device (host device). The transmitter device 01 may be connected to the transmitter
processing module 02 through an attachment unit interface (attachment unit interface, AUI), and
the receiver device 05 may be connected to the receiver processing module 04 through an AUI.
The transmitter processing module 02 and the receiver processing module 04 may each be an
optical module (optical module), an electrical module, a connector (connector), or another module

that processes data in a data sending process. For example, the processing module may be an
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800ZR module (800ZR module, which is a coherent optical module). In addition, all the
transmitter device 01, the transmitter processing module 02, the channel transmission medium 03,
the receiver processing module 04, and the receiver device 05 in the communication system may
support bidirectional transmission or unidirectional transmission. This is not specifically limited
herein.

[0065] FIG. 2 is a diagram of another communication system to which an embodiment of this
application is applied. As shown in FIG. 2, at a transmitter, a source provides a to-be-sent data
stream. A transmitter data processor receives the data stream, performs data processing including
encoding, interleaving, and modulation on the data stream to obtain a symbol data stream. aThe
symbol data stream is then delivered to a transmitter signal processor for framing and is transmitted
through a channel to a receiving device. After receiving a signal that is distorted due to noise or
other impairments on the channel, the receiving device sends the signal to a receiver signal
processor for dispersion compensation, synchronization, phase recovery, and other operations.
Then, the signal is sent to the receiver data processing for performing demodulation, de-
interleaving, and decoding, to recover original data, and send the data to a sink. Transmitter data
processing and transmitter signal processing shown in FIG. 2 may be applied to the transmitter
processing module 02 shown in FIG. 1, and receiver data processing and receiver signal processing
shown in FIG. 2 may be applied to the receiver processing module 04 shown in FIG. 1.

[0066] It should be understood that the "inner" in an inner code and the "outer" in an outer
code are distinguished based merely on a distance between an execution body that performs an
operation on data and a channel transmission medium. An execution body that performs an
operation on the inner code is closer to the channel transmission medium, and an execution body
that performs an operation on the outer code is farther away from the channel transmission medium.
In embodiments of this application, FIG. 1 is used as an example. Because the transmitter
processing module 02 sequentially encodes data twice and then sends the encoded data to the
channel transmission medium, data that is first encoded by the transmitter processing module 02
is farther away from the channel transmission medium, and data that is later encoded by the
transmitter processing module 02 is closer to the channel transmission medium. In this way, the
data that is first encoded by the transmitter processing module 02 is referred to as outer encoded
data, and the data that is later encoded by the transmitter processing module 02 is referred to as
inner encoded data. Correspondingly, data that is first decoded by the receiver processing module
04 is referred to as inner decoded data, and data that is later decoded by the receiver processing
module 04 is referred to as outer decoded data. In a possible implementation, both the inner
encoding and the outer encoding use an FEC encoding manner, so as to form a concatenated FEC

transmission scheme. For example, the transmitter processing module 02 may perform outer

11



10

15

20

25

30

35

encoding by using a staircase code, perform inner encoding by using a Hamming (Hamming) code,
or perform inner encoding by using a Bose-Chaudhuri-Hocquenghem (Bose-Chaudhuri-
Hocquenghem, BCH) code.

[0067] It should be noted that the foregoing content is example description of an application
scenario of the data encoding method provided in embodiments of this application, and does not
constitute any limitation on application scenarios of the data encoding method. A person of
ordinary skill in the art may learn that, as a service requirement changes, the application scenario
of the data encoding method may be adjusted based on an application requirement. Application
scenarios are not listed one by one in embodiments of this application. The following mainly
describes a data encoding method applied to a data transmitter. A data decoding method applied to
a receiver may be understood as an inverse operation of the data encoding method. With the
encoding method determined, the data decoding method is also clear. Therefore, the data decoding
method is not described in detail in this application.

[0068] FIG. 3 is a schematic flowchart of a data encoding method according to an embodiment
of this application. The data encoding method includes the following steps, which are described in
detail below. It should be understood that, for ease of description, first FEC encoding in the
following is equivalent to the outer encoding described above. Inner encoding provided in
embodiments of this application includes two operations: grouping and exclusive OR and second
FEC encoding. The following may be understood based on this.

[0069] 101: Obtain consecutive k bits in a first data stream obtained through first FEC
encoding.

[0070] In embodiments of this application, the consecutive k bits in the first data stream are k
information bits on which inner encoding is to be performed. It should be understood that, for an
inner code, the k information bits on which inner encoding is to be performed may include an
information bit and a parity bit in an outer codeword. Considering that the inner encoding is mainly
described in embodiments of this application, all information bits appearing in the following may
be understood as information bits of the inner encoding. It should be further understood that a
specific implementation of the outer encoding is not limited in this application. In an example, the
outer encoding may be specifically staircase (512, 510) encoding.

[0071] 102: Perform an exclusive OR operation on every s bits in the consecutive k bits of the
first data stream to obtain a to-be-encoded sequence.

[0072] It should be understood that, in an inner codeword obtained through inner code
encoding, consecutive s bits are mapped to one symbol through Gray mapping and sent to a
channel for transmission. Therefore, under a non-extreme channel condition, only one bit error

occurs in the consecutive s bits. Asymbol mapping manner includes but is not limited to quadrature
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phase shift keying (Quadrature Phase Shift Keying, QPSK) and quadrature amplitude modulation
(Quadrature Amplitude Modulation, QAM), and then polarization symbol distribution is
performed to obtain a dual-polarization (Dual-polarization, DP) symbol, for example, DP-QPSK,
DP-8QAM, DP-16QAM, DP-32QAM, and DP-64QAM. In an example, when DP-16QAM is used,
consecutive two bits in the inner codeword are mapped to a same PAM4 symbol. In another
example, when DP-64QAM is used, consecutive three bits in the inner codeword are mapped to a
same PAMS8 symbol. Therefore, in embodiments of this application, it is considered that an
exclusive OR operation is first performed on every two or three bits in the consecutive Kk bits of
the first data stream, and then encoding is performed. The following uses k=119 as an example to
describe several possible exclusive OR operation manners.

[0073] FIG. 4(a) is a diagram of an implementation of performing an exclusive OR operation
on every two bits according to an embodiment of this application. As shown in FIG. 4(a), in a
possible implementation, because 119 is an odd number, one bit in an information sequence
including 119 bits cannot undergo a pairwise exclusive OR operation, and the bit is referred to as
a target bit herein. It should be understood that the target bit may be any bit in the information
sequence. Generally, the target bit is a 1% bit or a last bit in the information sequence. For example,
as shown in FIG. 4(a), the target bit is a last bit aw1s in the information sequence. For ease of
description, the remaining 118 bits in the information sequence other than the target bit are referred
to as a bit set herein. The bit set includes 59 bit subsets, and each bit subset includes two bits.
Further, an exclusive OR operation is performed on the two bits in each bit subset to obtain one
bit, so as to obtain a total of 59 bits, as shown in bo to bsg in FIG. 4(a). In this implementation, the
two bits in each bit subset are two adjacent bits in the 119-bit information sequence. As shown in
FIG. 4(a), an exclusive OR operation is performed on ap and a; to obtain bo, an exclusive OR
operation is performed on az and as to obtain by, ..., and an exclusive OR operation is performed
on aue and a7 to obtain bss. Further, the target bit ai1g in the information sequence is used as one
bit bsg in the to-be-encoded sequence, and the to-be-encoded sequence includes bo to bsg that are
obtained through exclusive OR operations and bso.

[0074] FIG. 4(b) is a diagram of another implementation of performing an exclusive OR
operation on every two bits according to an embodiment of this application. Different from the
implementation shown in FIG. 4(a), in another possible implementation, the two bits in each bit
subset may alternatively be any two non-adjacent bits in a 119-bit information sequence. A specific
manner is not limited herein. For example, as shown in FIG. 4(b), an exclusive OR operation is
performed on ap and asg to obtain by, an exclusive OR operation is performed on a; and aeo to
obtain by, ..., and an exclusive OR operation is performed on ass and ai17 to obtain bsg. Further, the
target bit a11s in the information sequence is used as one bit bsg in the to-be-encoded sequence, and
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the to-be-encoded sequence includes bo to bsg that are obtained through exclusive OR operations
and bso.

[0075] It should be noted that, based on the 2-bit exclusive OR operation implementations
shown in FIG. 4(a) and FIG. 4(b), a specific value of k is not limited in this application. If k is an
odd number greater than 1, one target bit in an information sequence including the k bits definitely
does not participate in the exclusive OR operation. If k is an even number, an exclusive OR
operation can be exactly performed on every two bits of all the k bits in the information sequence.
[0076] FIG. 4(c) is a diagram of an implementation of performing an exclusive OR operation
on every three bits according to an embodiment of this application. As shown in FIG. 4(c), in still
another possible implementation, because a remainder of 119 divided by 3 is 2, two bits in an
information sequence including 119 bits cannot undergo a 3-bit exclusive OR operation, and the
two bits are referred to as target bits herein. It should be understood that the two target bits may
be any two bits in the information sequence. Generally, the two target bits are first two bits or last
two bits in the information sequence. For example, as shown in FIG. 4(c), the two target bits are
last two bits a117 and aus in the information sequence. For ease of description, the remaining 117
bits in the information sequence other than the target bits are referred to as a bit set herein. The bit
set includes 39 bit subsets, and each bit subset includes three bits. Further, an exclusive OR
operation is performed on the three bits in each bit subset to obtain one bit, so as to obtain a total
of 39 bits, as shown in bo to bsg in FIG. 4(c). In this implementation, the three bits in each bit subset
are consecutive three bits in the 119-bit information sequence. As shown in FIG. 4(c), an exclusive
OR operation is performed on ao, a1, and a; to obtain b, ..., and an exclusive OR operation is
performed on ai14, a115, and ai16 to obtain bzs. Further, the target bits a117 and ai1s in the information
sequence are used as two bits bzg and bso in the to-be-encoded sequence, and the to-be-encoded
sequence includes bo to bss that are obtained through exclusive OR operations, bsg, and bao.
[0077] It should be noted that, based on the 3-bit exclusive OR operation implementation
shown in FIG. 4(c), a specific value of k is not limited in this application. For example, k may
alternatively be exactly an integer multiple of 3, and 3-bit exclusive OR operations may be exactly
performed on all the k bits in the information sequence. For another example, a remainder of k
divided by 3 may alternatively be 1, and in this case, one bit in the k bits of the information
sequence is a target bit that does not participate in the exclusive OR operation, and 3-bit exclusive
OR operations may be performed on other bits than the target bit.

[0078] 103: Perform second FEC encoding on the to-be-encoded sequence.

[0079] FIG. 5 is a diagram of an implementation of inner encoding according to an
embodiment of this application. As shown in FIG. 5, the to-be-encoded sequence is a bit sequence
on which the second FEC encoding is to be performed. The to-be-encoded sequence includes the
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bit obtained through the exclusive OR operation in step 102. Based on this, the to-be-encoded
sequence may further include the target bit that does not participate in the exclusive OR operation.
A specific case depends on a value of k. For details, refer to related descriptions in step 102. k=119
is used as an example herein. The second FEC encoding is performed on the to-be-encoded
sequence to obtain a parity sequence including p parity bits. For the inner codeword obtained
through inner encoding, the inner codeword includes the information sequence of the k bits and
the p parity bits, that is, a length n of the inner codeword is n=k+p, where p is an integer greater
than or equal to 1. That is, the second FEC encoding performed on the to-be-encoded sequence is
only for generating the parity sequence, and the inner codeword obtained through encoding still
includes the information sequence including the k bits. For example, if the target bit is a last bit in
the to-be-encoded sequence, the parity sequence in the inner codeword is located after the
information sequence. For another example, if the target bit is a 1% bit in the to-be-encoded
sequence, the parity sequence in the inner codeword is located before the information sequence. It
should be noted that the second FEC encoding may be BCH encoding or extended BCH encoding.
p parity bits in an inner codeword obtained through the BCH encoding do not include a cyclic
redundancy check (cyclic redundancy check, CRC) extended parity bit, while p parity bits in an
inner codeword obtained through the extended BCH encoding include a 1-bit or 2-bit CRC
extended check field.

[0080] In a possible implementation, for a 2-bit exclusive OR operation encoding scheme and
a 3-bit exclusive OR operation encoding scheme, the second FEC encoding may be specifically
BCH encoding over GF(2™) with t-bit error correction, where both m and t are integers greater
than or equal to 1. GF refers to a finite field, or may be referred to as a Galois field (Galois Field),
and 2™ represents an order of the finite field. An error correction capability of the second FEC
encoding is t bits, that is, one inner codeword can be used to correct a maximum of t bits. If the P
parity bits do not include a CRC extended check field, p=mxt; if the P parity bits include the 1-bit
CRC extended check field, p=mxt+1; or if the P parity bits include the 2-bit CRC extended check
field, p=mxt+2.

[0081] In another possible implementation, for a 2-bit exclusive OR operation encoding
scheme, if %S 2m-1_—1—p, the second FEC encoding may alternatively use a BCH

codeword over GF(2™~1) to further simplify an inner encoding scheme. If the P parity bits do not
include a CRC extended check field, p=(m-1)xt; if the P parity bits include the 1-bit CRC extended
check field, p=(m-21)xt+1; or if the P parity bits include the 2-bit CRC extended check field, p=(m-
1)xt+2. It should be understood that, when the second FEC encoding is the BCH encoding over
GF(2™), a length of the inner codeword is denoted as n0, or when the second FEC encoding uses

the BCH codeword over GF(2™~1), a length of the inner codeword is denoted as nl, where
15



10

15

20

25

30

35

n0=k+(m-1)t=n1-t. In this case, an original (n0, k) codeword is replaced with a (n1, k) codeword.
That is, a quantity of parity bits may be reduced by t when encoding is performed in this manner,
so that a bit rate of the codeword is increased and overheads of the codeword are reduced when a
length of information is unchanged.

[0082] In still another possible implementation, for a 3-bit exclusive OR operation encoding
scheme, the k bits include v bit subsets, each bit subset includes three bits, v is an integer greater
than or equal to 1, and a quantity of CRC extended check fields included in the p parity bits is
denoted as r. If v+ r < 2™~1 — 1 — p, the second FEC encoding may alternatively use a BCH
codeword over GF(2™~1) to further simplify an inner encoding scheme. If the P parity bits do not
include the CRC extended check field, p=(m-1)xt; if the P parity bits include the 1-bit CRC
extended check field, p=(m-1)*t+1; or if the P parity bits include the 2-bit CRC extended check
field, p=(m-1)xt+2. If v +r < 2™~2 — 1 — p, the second FEC encoding may alternatively use a
BCH codeword over GF(2™~2) to further simplify an inner encoding scheme. If the P parity bits
do not include the CRC extended check field, p=(m-2)xt; if the P parity bits include the 1-bit CRC
extended check field, p=(m-2)xt+1; or if the P parity bits include the 2-bit CRC extended check
field, p=(m-2)*t+2.

[0083] 104: Perform symbol mapping and polarization distribution on a second data stream.
[0084] It should be understood that the second data stream includes at least one inner codeword
obtained through inner encoding. In an example, for the 2-bit exclusive OR operation encoding
scheme, symbol mapping and polarization distribution are performed on every eight bits in the
second data stream to obtain one DP-16QAM symbol. The eight bits participating in symbol
mapping and polarization distribution are from four bit subsets that participate in exclusive OR
operations and that are in the information sequence. In another example, for the 3-bit exclusive
OR operation encoding scheme, symbol mapping and polarization distribution are performed on
every 12 bits in the second data stream to obtain one DP-64QAM symbol. The 12 bits participating
in symbol mapping and polarization distribution are from four bit subsets that participate in
exclusive OR operations and that are in the information sequence. It should be understood that the
four bit subsets are respectively mapped to an | (in-phase) component in an X-polarization
direction, a Q (quadrature-phase) component in the X-polarization direction, an | (in-phase)
component in a Y-polarization direction, and a Q (quadrature-phase) component in the Y-
polarization direction that are of the DP-16QAM symbol or the DP-64QAM symbol. The X
polarization direction and the Y polarization direction are orthogonal to each other. In other words,
any component of the DP-16QAM symbol is obtained by mapping two bits of one bit subset
participating in the exclusive OR operation, and any component of the DP-64QAM symbol is

obtained by mapping three bits of one bit subset participating in the exclusive OR operation. It
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should be further understood that the four bit subsets mapped to the DP-16QAM symbol or the
DP-64QAM symbol may come from a same codeword, or may come from different codewords.
This is not specifically limited herein.

[0085] It should be noted that an example in which a length of the information sequence of the
inner codeword is 119 bits is used. Based on this, embodiments of this application provide a
plurality of possible inner encoding parameters. When a DP-16QAM scheme is used, details are
shown in Table 1 below, or when a DP-64QAM scheme is used, details are shown in Table 2 below.
n represents the length of the inner codeword, k represents the length of the information sequence
of the inner codeword, w represents an encoding length (including the to-be-encoded sequence
and the parity sequence), f represents a length of the to-be-encoded sequence, and GF(2™)
represents a finite field. t indicates an error correction capability of the inner encoding. OH
represents overheads of the inner codeword, and means a proportion of a length of the parity
sequence in the inner codeword to the length of the information sequence, that is, OH=(n—k)/k.
"No extension™ in the remarks means that there is no CRC extended check field in the parity
sequence, "single-bit extension" in the remarks means that there is a 1-bit CRC extended check
field in the parity sequence, and "double-bit extension™ in the remarks means that there is a 2-bit

CRC extended check field in the parity sequence.

Table 1
Scheme n kK | p | w /| f |GF@2™) | t OH Remarks
1 128 {119 | 9 | 69 | 60 | GF(27) 7.6% | Double-bit extension

133119 | 14 | 74 | 60 | GF(27) 11.8% No extension
134 1119 | 15 | 75 | 60 | GF(27)

2
3
4 135|119 | 16 | 76 | 60 | GF(27)
5
6
7

12.6% | Single-bit extension
13.4% | Double-bit extension
13.4% No extension

14.2% | Single-bit extension
15.1% | Double-bit extension

135119 | 16 | 76 | 60 | GF(28)
136 [ 119 | 17 | 77 | 60 | GF(29)
137|119 | 18 | 78 | 60 | GF(2®)

NINIDNIDNIDNIDN| P

[0086] For the schemes provided in Table 1, the scheme 1 is a codeword defined over a finite
field GF(27) with an error correction capability t=1, and encoding and decoding complexity can
be reduced in a conventional technology by using an exclusive OR manner. In schemes 5to 7, a
codeword actually encoded is based on systematic BCH (255, 239) codeword over a finite field
GF(28) with t=2, and after the codeword is shortened by 179 bits, a BCH (76, 60) codeword
actually encoded in the scheme 5 is obtained, which has a stronger coding gain in comparison with
that in scheme 1. Based on the scheme 5, a single-bit CRC extended check field and a double-bit
CRC extended check field are separately added, to obtain a BCH (77, 60) codeword actually
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encoded in the scheme 6 and a BCH (78, 60) codeword actually encoded in the scheme 7, and a
coding gain may be further improved based on the scheme 5. In schemes 2 to 4, a codeword
actually encoded is based on system BCH (127, 113) over a finite field GF(27) with t=2, and
after the codeword is shortened by 53 bits, a BCH (74, 60) codeword actually encoded in the
scheme 2 is obtained. Based on the scheme 2, a single-bit CRC extended check field and a double-
bit CRC extended check field are separately added, to obtain a BCH (75, 60) codeword actually
encoded in the scheme 3 and a BCH (76, 60) codeword actually encoded in the scheme 4.

Compared with the schemes 5 to 7, the schemes 2 to 4 satisfy the foregoing mentioned relationship:

% < 2m-1 1 —p, and therefore, the original finite field GF(2%) may be replaced with the

low-complexity finite field GF(27).

Table 2
Scheme n k p | w | f |[GF2™)| t OH Remarks
1 127 {119 | 8 | 49 | 41 | GF(2%) | 1 | 6.7% | Double-bit extension
2 128119 9 | 50 | 41 | GF(27) | 1 | 7.6% | Double-bit extension
3 131119 | 12 | 53 | 41 | GF(2%) | 2 | 10.1% No extension
4 132 (119 | 13 | 54 | 41 | GF(2%) | 2 | 10.9% | Single-bit extension
5 133 (119 | 14 | 55 | 41 | GF(2%) | 2 | 11.8% | Double-bit extension
6 133119 | 14 | 55 | 41 | GF(27) | 2 | 11.8% No extension
7 1341119 | 15 | 56 | 41 | GF(27) | 2 | 12.6% | Single-bit extension
8 135|119 | 16 | 57 | 41 | GF(27) | 2 | 13.4% | Double-bit extension
9 135|119 | 16 | 57 | 41 | GF(28) | 2 | 13.4% No extension
10 136 | 119 | 17 | 58 | 41 | GF(28) | 2 | 14.2% | Single-bit extension
11 137 ({119 | 18 | 59 | 41 | GF(2%) | 2 | 15.1% | Double-bit extension

[0087] For the schemes provided in Table 2, scheme 1 and scheme 2 use a Hamming code
defined over a finite field GF(2°) with an error correction capability t=1 and a Hamming code
defined over a finite field GF(27), respectively, each with an error correction capability t=1,
schemes 3 to 5 use BCH codes over a finite field GF(2%) with an error correction capability t=2,
schemes 6 to 8 use BCH codes over a finite field GF(27) with an error correction capability t=2,
and candidate schemes 9 to 11 use BCH codes over a finite field GF(28) with an error correction
capability t=2.

[0088] It should be noted that, in some possible scenarios, an inner encoding scheme in a DP-
16QAM modulation scheme may be compatible with an inner encoding scheme in a DP-64QAM
modulation scheme. Table 3 below provides parameters compatible with inner encoding of both

modulation schemes. In actual application, encoders corresponding to the two modulation schemes
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may be integrated together, for flexible selection based on an actual requirement.

Table 3
Scheme| n | k W f W f GF(2™) Remarks
P | (160AM) | (160AM) | (620AM) | (640AM)

1 |128/119| 9| 69 60 50 41 | GR(27y | Double-bit
extension

2 133|119 |14 74 60 55 41 GF(27) | No extension
3 |134119 /15| 75 60 56 41 | GRea7y | Single-bit
extension

4 |135/110|16| 76 60 57 41 | GR(27y | Double-bit
extension

5 135|119 | 16 76 60 S7 41 GF(28) | No extension
6 |136|119 17| 77 60 58 41 | GReeey | Single-bit
extension

7 |137|119 18| 78 60 59 41 | GR(ze) | Double-bit
extension

[0089] The following describes several specific inner encoding embodiments based on
parameters of the inner encoding.

[0090] Embodiment 1: In a DP-16QAM modulation scheme, inner encoding is (128, 119) with
(69, 60) over GF(27) encoding.

[0091] FIG. 6 is a diagram of a first application scenario of inner encoding according to an
embodiment of this application. As shown in FIG. 6, a length of an inner encoded codeword is 128
bits, where a length of an information sequence is 119 bits, and a length of a parity sequence is 9
bits. First, 118 bits are selected from the 119-bit information sequence A to form a sequence A',
and are denoted as A’ = [ag,ay, :+,a1,7]- A" may be any 118 bits in A. To facilitate subsequent
channel interleaving and modulation, first 118 bits in A may be selected as A', that is, A’ =
[ag, a4, -+, a117]. Then, two adjacent bits in A" are grouped into one group to perform an exclusive
OR operation, so as to obtain 59 bits [by, by, :+, bsg]. In addition, a bit in A that is not selected
into A' is denoted as A\A', a grouping and exclusive OR operation is skipped for A\A', and A\A' is
combined with by~bsg to form a to-be-encoded sequence B[0:59]=[bg, by, -, bse], Which is

by =a'y; " a'yi41,1 €0,58]
b, = A\4, i =59

encoding is performed on the to-be-encoded sequence to generate a 9-bit parity bit [po, p1,**, Ps]

expressed as follows: { . Then, extended Hamming code (69, 60)

An extended Hamming code (69, 60) is obtained by shortening, by 59 bits, a double-bit extended
Hamming code constructed over a finite field GF(27). Finally, a codeword C[0:127] =

[co,C1,*,Cc127] Qenerated by inner encoding (128, 119) may be represented as
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= a;, | € [0,118 : :
{Cl % el ] It should be understood that, in the foregoing process, SD-FEC

i = Pi—110» 1 €[119,127]
(128, 119) is still a system code, that is, (69, 60) encoding is only used for generating a parity bit,
and does not participate in actual transmission.

[0092] Embodiment 2: In a DP-16QAM modulation scheme, inner encoding is (133, 119) with
(74, 60) over GF(27) encoding.
[0093] FIG. 7 is a diagram of a second application scenario of inner encoding according to an
embodiment of this application. As shown in FIG. 7, a length of an inner encoded codeword is 133
bits, where a length of an information sequence is 119 bits, and a length of a parity sequence is 14
bits. First, a to-be-encoded sequence B[0:59] is generated based on an information sequence
AJ0:118] in a manner the same as that in Embodiment 1. Then, BCH (74, 60) encoding is
performed on the to-be-encoded sequence to generate a 14-bit parity bit [pg, p1, -+, p13]- BCH (74,
60) is obtained by shortening, by 53 bits, BCH (127, 113) constructed over a finite field GF(27)
with t=2. A generator polynomial of the BCH (74, 60) over GF(27) may be expressed as:

g(x) =M1IM3x) =" +x3+ D" +x3+x2+x+1)

=x*+x2+x8+xC+ x> +xt+x%2+x+1
[0094] M1(x) and M3(x) respectively correspond to minimum polynomials of o! and o3,
and «a is a primitive element of the finite field GF(27). 60 bits to be encoded are respectively
used as coefficients of a polynomial with a highest degree of 59, to obtain an information
polynomial m(x). A remainder polynomial r(x) is obtained, using modulo-2 division, by
dividing xm(x) by g(x), and coefficients of items in r(x) are a parity sequence P[0:13].
Finally, the information sequence A and the parity sequence P form a complete codeword of inner
encoding (133, 119), which is denoted as C[0:132]= [cy, ¢4, ***, C132] and may be represented as

{Ci = a;, i € [0,118]
Ci = pi—119’ i € [119,132]

[0095] Embodiment 3: In a DP-16QAM modulation scheme, inner encoding is (134, 119) with
(75, 60) over GF(27) encoding.

[0096] FIG. 8 is a diagram of a third application scenario of inner encoding according to an
embodiment of this application. As shown in FIG. 8, a length of an inner encoded codeword is 134
bits, where a length of an information sequence is 119 bits, and a length of a parity sequence is 15
bits. First, a to-be-encoded sequence B[0:59] is generated based on an information sequence
AJ0:118] in a manner the same as that in Embodiment 1. Then, extended BCH (75, 60) encoding
is performed on the to-be-encoded sequence to generate a 15-bit parity bit [pg, p1, -, P14]-
Extended BCH (75, 60) is obtained by adding single-bit parity check based on the BCH (74, 60)
in Embodiment 2. A generator polynomial of the extended BCH (75, 60) over GF(27) may be
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expressed as:

glX) =gNE+1D) =" +x3+ D" +x*+x*+x+ 1DE+1)

=xP +xM+x04+x8+x"+xt+x3+1
[0097] 60 bits to be encoded are respectively used as coefficients of a polynomial with a
highest degree of 59, to obtain an information polynomial m(x). A remainder polynomial r(x)
is obtained, using modulo-2 division, by dividing x°m(x) by g1(x), and coefficients of items
inr(x) are a parity sequence P[0:14]. Finally, the information sequence A and the parity sequence
P form a complete codeword of inner encoding (134, 119), which is denoted as C[0:133]=

¢ = a, i € [0,118]
Ci = DPi-119, i € [119,133]

[0098] Embodiment 4: In a DP-16QAM modulation scheme, inner encoding is (135, 119) with
(76, 60) over GF(27) encoding.

[0099] FIG. 9 is a diagram of a fourth application scenario of inner encoding according to an

[co, €1, ++, C133] and may be represented as {

embodiment of this application. As shown in FIG. 9, a length of an inner encoded codeword is 135
bits, where a length of an information sequence is 119 bits, and a length of a parity sequence is 16
bits. First, a to-be-encoded sequence B[0:59] is generated based on an information sequence
AJ0:118] in a manner the same as that in Embodiment 1. Then, extended BCH (76, 60) encoding
is performed on the to-be-encoded sequence to generate a 16-bit parity bit [po, p1, -, P1s]-
Extended BCH (76, 60) is obtained by adding double-bit parity check based on the BCH (74, 60)
in Embodiment 2. A generator polynomial of the extended BCH (76, 60) over GF(27) may be
expressed as:

g2x) =g+ D)= +x3+ D +x3+x*+x+1DE*+1)

=x0 +xM +xT +x0+x%+x"+ x5 +x3+x+1
[00100] 60 bits to be encoded are respectively used as coefficients of a polynomial with a
highest degree of 59, to obtain an information polynomial m(x). A remainder polynomial r(x)
is obtained, using modulo-2 division, by dividing x®m(x) by g2(x), and coefficients of items
inr(x) are a parity sequence P[0:15]. Finally, the information sequence A and the parity sequence
P form a complete codeword of inner encoding (135, 119), which is denoted as C[0:134]=

¢ = q i € [0,118]
Ci = DPi-119, i € [119,134‘]

[00101] Embodiment 5: In a DP-16QAM modulation scheme, inner encoding is (135, 119) with
(76, 60) over GF(28) encoding.
[00102] Asshownin FIG. 9, a length of an inner encoded codeword is 135 bits, where a length

[co, €1, ++, C134] @and may be represented as {

of an information sequence is 119 bits, and a length of a parity sequence is 16 bits. First, a to-be-

encoded sequence B[0:59] is generated based on an information sequence A[0:118] in a manner
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the same as that in Embodiment 1. Then, BCH (76, 60) encoding is performed on the to-be-
encoded sequence to generate a 16-bit parity bit [po, p1, -+, p15]- BCH (76, 60) is obtained by
shortening, by 179 bits, BCH (255, 239) constructed over a finite field GF(28) with t=2. A
generator polynomial of the BCH (76, 60) over GF(28) may be expressed as:
g3(x) =MIM3x) =B+ x*+x3+x2+ DB+ x0+ x5 +x* +x2+x+ 1)
=x0 +xM+xB +xT+x10+x9+x8+x6+x5+x+1
[00103] 60 bits to be encoded are respectively used as coefficients of a polynomial with a
highest degree of 59, to obtain an information polynomial m(x). A remainder polynomial r(x)
is obtained, using modulo-2 division, by dividing x'®m(x) by g3(x), and coefficients of items
inr(x) are a parity sequence P[0:15]. Finally, the information sequence A and the parity sequence
P form a complete codeword of inner encoding (135, 119), which is denoted as C[0:134]=

¢ = a, i € [0,118]
Ci = pi—119’ i € [119,134‘]

[00104] Embodiment 6: In a DP-16QAM modulation scheme, inner encoding is (136, 119) with
(77, 60) over GF(28) encoding.

[00105] FIG. 10 is a diagram of a fifth application scenario of inner encoding according to an

[co, €1, ++, C134] @and may be represented as {

embodiment of this application. As shown in FIG. 10, a length of an inner encoded codeword is
136 bits, where a length of an information sequence is 119 bits, and a length of a parity sequence
Is 17 bits. First, a to-be-encoded sequence B[0:59] is generated based on an information sequence
AJ0:118] in a manner the same as that in Embodiment 1. Then, extended BCH (77, 60) encoding
is performed on the to-be-encoded sequence to generate a 17-bit parity bit [pg, p1, ) P16l -
Extended BCH (77, 60) is obtained by adding single-bit parity check based on the BCH (76, 60)
in Embodiment 5. A generator polynomial of the extended BCH (77, 60) over GF(2%) may be
expressed as:

g4(x) = g3(x)(x+ 1)

=X +x*+x3+x2P+DEE+xC+ P +x +x2+x+ D(x+ 1)

=x7 +x0+xP +xB +x12 4+ x84+ x7+x°+x2+ 1
[00106] 60 bits to be encoded are respectively used as coefficients of a polynomial with a
highest degree of 59, to obtain an information polynomial m(x). A remainder polynomial r(x)
is obtained, using modulo-2 division, by dividing x'”m(x) by g4(x), and coefficients of items
inr(x) are a parity sequence P[0:16]. Finally, the information sequence A and the parity sequence
P form a complete codeword of inner encoding (136, 119), which is denoted as C[0:135]=

¢ = qy, i € [0,118]
Cl - pi_llg, i € [119,135]

[00107] Embodiment 7: In a DP-16QAM modulation scheme, inner encoding is (137, 119) with

[co,Cq, -+, C135] and may be represented as {
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(78, 60) over GF(2®) encoding.
[00108] FIG. 11 is a diagram of a sixth application scenario of inner encoding according to an
embodiment of this application. As shown in FIG. 11, a length of an inner encoded codeword is
137 bits, where a length of an information sequence is 119 bits, and a length of a parity sequence
is 18 bits. First, a to-be-encoded sequence B[0:59] is generated based on an information sequence
AJ0:118] in a manner the same as that in Embodiment 1. Then, extended BCH (78, 60) encoding
is performed on the to-be-encoded sequence to generate an 18-bit parity bit [pg, p1, -+, P17]-
Extended BCH (78, 60) is obtained by adding double-bit parity check based on the BCH (76, 60)
in Embodiment 5. A generator polynomial of the extended BCH (78, 60) over GF(2%) may be
expressed as:

g5(x) = g3 (x*+1)

= +x+ P+ +DEE+xC+ P+ 2+ x+ D2+ 1)

=x P+ x x0T +x+ x5+ 3+ x%2+x+1
[00109] 60 bits to be encoded are respectively used as coefficients of a polynomial with a
highest degree of 59, to obtain an information polynomial m(x). A remainder polynomial r(x)
is obtained, using modulo-2 division, by dividing x®m(x) by g5(x), and coefficients of items
inr(x) are a parity sequence P[0:17]. Finally, the information sequence A and the parity sequence
P form a complete codeword of inner encoding (137, 119), which is denoted as C[0:136]=

¢ = q i € [0,118]
Ci = DPi-119, i € [119,136]

[00110] Embodiment 8: In a DP-64QAM modulation scheme, inner encoding is (128, 119)
with(50, 41) over GF(27) encoding.

[00111] FIG. 12 is a diagram of a seventh application scenario of inner encoding according to

[co, €1, ++, C136] @and may be represented as {

an embodiment of this application. As shown in FIG. 12, a length of an inner encoded codeword
is 128 bits, where a length of an information sequence is 119 bits, and a length of a parity sequence
is 9 bits. First, 117 bits are selected from the 119-bit information sequence A to form a sequence
A',and are denoted as A’ = [ag,a’, *+,a716]. A" may be any 117 bits in A. To facilitate subsequent
channel interleaving and modulation, first 117 bits in A may be selected as A", that is, A’ =
[ag, a1, +:+,a116]- Then, consecutive three bits in A" are grouped into one group to perform an
exclusive OR operation, so as to obtain 39 bits [bg, by, -, bsg]. In addition, bits in A that are not
selected into A" are denoted as A\A', a grouping and exclusive OR operation is skipped for A\A',
and A\A' is combined with by~b3g to form a to-be-encoded sequence B[0:40]=[by, by, -+, bso],

by = a'3; " a'3i4q1 N @'3i42, 1€ [0,38]
b, = A\A4, i € [39,40]

Hamming code (50, 41) encoding is performed on the to-be-encoded sequence to generate a 9-bit

which is expressed as follows: { . Then, extended
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parity bit [po, p1, -+, pg]- Extended Hamming code (50, 41) is obtained by shortening, by 79 bits,
a double-bit extended Hamming code constructed over a finite field GF(27). Finally, a codeword
C[0:127] = [cg, €4, ", C127] generated by inner encoding (128, 119) may be represented as

{Ci = a;, i € [0,118]
Ci = pi—119’ i € [119,127]

[00112] FIG. 13 is a diagram of a structure of a data encoding apparatus according to an
embodiment of this application. As shown in FIG. 13, the data encoding apparatus includes an
obtaining unit 201, an encoding unit 202, and a mapping unit 203. The obtaining unit 201 is
configured to perform an operation in step 101, the encoding unit 202 is configured to perform
operations in step 102 and step 103, and the mapping unit 203 is configured to perform an
operation in step 104. It should be understood that the data encoding apparatus provided in this
application may alternatively be implemented in another manner. For example, division into the
units in the foregoing apparatus is merely logical function division and may be other division in
actual implementation. For example, a plurality of units or components may be combined or
integrated into another system. In addition, functional units in embodiments of this application
may be integrated into one processing unit, may be independent physical units, or two or more
functional units may be integrated into one processing unit. The integrated unit may be
implemented in a form of hardware, or may be implemented in a form of a software functional
unit.

[00113] FIG. 14 is a diagram of another structure of a data encoding apparatus according to an
embodiment of this application. As shown in FIG. 14, the data encoding apparatus includes a
processor 301 and a transceiver 302. The processor 301 and the transceiver 302 are interconnected
through a line. Specifically, the transceiver 302 is configured to perform data receiving and sending
operations, and the processor 301 is configured to perform other operations than data receiving
and sending operations. In a possible implementation, the processor 301 may include the encoding
unit 202 and the mapping unit 203 shown in FIG. 13, and the transceiver 302 includes the obtaining
unit 201 shown in FIG. 13. Optionally, the data encoding apparatus may further include a memory
303. The memory 303 is configured to store program instructions and data.

[00114] Anembodiment of this application further provides a chip. The chip integrates a circuit
and one or more interfaces that are configured to implement a function of the processor 301. When
a memory is integrated into the chip, the chip may complete the method steps in any one or more
of the foregoing embodiments. When no memory is integrated into the chip, the chip may be
connected to an external memory through an interface. The chip implements, based on program
code stored in the external memory, actions performed by the transmitter device or the receiver

device in the foregoing embodiments.
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[00115] Finally, it should be noted that, the foregoing descriptions are merely specific
implementations of this application, but are not intended to limit the protection scope of this
application. Any variation or replacement readily figured out by a person skilled in the art within
the technical scope disclosed in this application shall fall within the protection scope of this
application. Therefore, the protection scope of this application shall be subject to the protection

scope of the claims.
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CLAIMS

1. A data encoding method, comprising:

obtaining consecutive k bits in a first data stream obtained through first forward error
correction FEC encoding, wherein k is an odd number greater than 1, the consecutive k bits
comprise a bit set and a target bit, the bit set comprises (k—1)/2 bit subsets, and each bit subset
comprises two bits; and

performing inner encoding on the consecutive k bits to obtain a codeword, wherein the inner
encoding comprises:

performing an exclusive OR operation on the two bits in each bit subset to obtain one bit, to
obtain a total of (k—1)/2 bits; and

performing second FEC encoding on a bit sequence that comprises the (k—1)/2 bits and the
target bit to obtain p parity bits, wherein the codeword comprises the consecutive k bits and the p
parity bits, and p is an integer greater than or equal to 1.

2. The method according to claim 1, wherein the two bits in each bit subset are two adjacent
bits in the consecutive k bits.

3. The method according to claim 1 or 2, wherein the p parity bits are located after the
consecutive k bits in the codeword, and the target bit is a last bit in the consecutive k bits; or

the p parity bits are located before the consecutive k bits in the codeword, and the target bit
is a 1% bit in the consecutive k bits.

4. The method according to any one of claims 1 to 3, wherein after performing the inner
encoding on the consecutive k bits to obtain the codeword, the method further comprises:

performing symbol mapping and polarization distribution on eight bits from four bit subsets
in a second data stream that comprises at least one codeword to obtain one dual-polarization DP-
16QAM symbol, wherein the four bit subsets are respectively mapped to an I component in an X
polarization direction, a Q component in the X polarization direction, an 1 component in a Y
polarization direction, and a Q component in the Y polarization direction that are of the DP-
16QAM symbol, and the X polarization direction and the Y polarization direction are orthogonal
to each other.

5. The method according to any one of claims 1 to 4, wherein the second FEC encoding is

BCH encoding or extended BCH encoding over a finite field GF(2™) with t-bit error correction,
wherein both m and t are integers greater than or equal to 1, mt < p, and % +p<2Mm—-1.

6. The method according to any one of claims 1 to 5, wherein k=119, and GF(2™) used in
the second FEC encoding is GF(28) or GF(27).

7. The method according to any one of claims 1 to 6, wherein a length of the codeword is n,
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the second FEC encoding is the BCH encoding over GF(2™) with t-bit error correction, and a
correspondence among n, k, GF(2™), t, and p is one of the following:

n=133, k=119, GF(2™)=GF(27), t=2, and p=14; and

n=135, k=119, GF(2™)=GF(28), t=2, and p=16.

8. The method according to any one of claims 1 to 6, wherein a length of the codeword is n,
the second FEC encoding is the extended BCH encoding over the finite field GF(2™) with t-bit
error correction, the p parity bits comprise a cyclic redundancy check CRC extended check field
of q bits, and a correspondence among n, k, GF(2™), t, p, and q is one of the following:

n=128, k=119, GF(2™)=GF(27), t=1, p=9, and gq=2;

n=134, k=119, GF(2™)=GF(27), t=2, p=15, and g=1;

n=135, k=119, GF(2™)=GF(27), t=2, p=16, and q=2;

n=136, k=119, GF(2™)=GF(28), t=2, p=17, and g=1; and

n=137, k=119, GF(2™)=GF(28), t=2, p=18, and g=2.

9. A data encoding method, comprising:

obtaining consecutive k bits in a first data stream obtained through first forward error
correction FEC encoding, wherein k is an integer greater than or equal to 3, the consecutive k bits
comprise Vv bit subsets, each bit subset comprises three bits, and v is an integer greater than or
equal to 1; and

performing inner encoding on the consecutive k bits to obtain a codeword, wherein the inner
encoding comprises:

performing an exclusive OR operation on the three bits in each bit subset to obtain one bit, to
obtain a total of v bits; and

performing second FEC encoding on a bit sequence that comprises the v bits to obtain p parity
bits, wherein the codeword comprises the consecutive k bits and the p parity bits, and p is an
integer greater than or equal to 1.

10. The method according to claim 9, wherein the three bits in each bit subset are consecutive
three bits in the consecutive k bits.

11. The method according to claim 9 or 10, wherein k=vx3.

12. The method according to claim 9 or 10, wherein the consecutive k bits further comprise r
target bits, k=vx3+r, r=1 or 2, and performing the second FEC encoding on the bit sequence that
comprises the v bits to obtain the p parity bits comprises:

performing the second FEC encoding on the bit sequence that comprises the v bits and the r
target bits, to obtain the p parity bits.

13. The method according to claim 12, wherein the p parity bits are located after the
consecutive k bits in the codeword, and the target bits are last r bits in the consecutive K bits; or
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the p parity bits are located before the consecutive k bits in the codeword, and the target bits
are first r bits in the consecutive k bits.

14. The method according to any one of claims 9 to 13, wherein after performing the inner
encoding on the consecutive k bits to obtain the codeword, the method further comprises:

performing symbol mapping and polarization distribution on 12 bits from four bit subsets in
a second data stream that comprises at least one codeword to obtain one dual-polarization DP-
64QAM symbol, wherein the four bit subsets are respectively mapped to an | component in an X
polarization direction, a Q component in the X polarization direction, an I component in a Y
polarization direction, and a Q component in the Y polarization direction that are of the DP-
64QAM symbol, and the X polarization direction and the Y polarization direction are orthogonal
to each other.

15. The method according to any one of claims 9 to 14, wherein the second FEC encoding is
BCH encoding or extended BCH encoding over a finite field GF(2™) with t-bit error correction,
wherein both m and t are integers greater than orequal to 1, mt < p,andv+r < 2™ -1 —p.

16. The method according to any one of claims 9 to 15, wherein k=119, and GF(2™) used in
the second FEC encoding is GF(28), GF(27), or GF(2°).

17. The method according to any one of claims 9 to 16, wherein a length of the codeword is
n, the second FEC encoding is the BCH encoding over GF(2™) with t-bit error correction, and a
correspondence among n, k, GF(2™), t, and p is one of the following:

n=131, k=119, GF(2™)=GF(2°), t=2, and p=12;

n=133, k=119, GF(2™)=GF(27), t=2, and p=14; and

n=135, k=119, GF(2™)=GF(28), t=2, and p=16.

18. The method according to any one of claims 9 to 16, wherein a length of the codeword is
n, the second FEC encoding is the extended BCH encoding over the finite field GF(2™) with t-bit
error correction, the p parity bits comprise a cyclic redundancy check CRC extended check field
of q bits, and a correspondence among n, k, GF(2™), t, p, and q is one of the following:

n=127, k=119, GF(2™)=GF(2°), t=1, p=8, and q=2;

n=128, k=119, GF(2™)=GF(27), t=1, p=9, and q=2;

n=132, k=119, GF(2™)=GF(2°), t=2, p=13, and g=1;

n=133, k=119, GF(2™)=GF(2°), t=2, p=14, and q=2;

n=134, k=119, GF(2™)=GF(27), t=2, p=15, and q=1;

n=135, k=119, GF(2™)=GF(27), t=2, p=16, and q=2;

n=136, k=119, GF(2™)=GF(28), t=2, p=17, and g=1; and

n=137, k=119, GF(2™)=GF(28), t=2, p=18, and g=2.

19. A data encoding apparatus, comprising an obtaining unit and an encoding unit, wherein
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the obtaining unit is configured to: obtain consecutive Kk bits in a first data stream obtained
through first forward error correction FEC encoding, wherein k is an odd number greater than 1,
the consecutive k bits comprise a bit set and a target bit, the bit set comprises (k—1)/2 bit subsets,
and each bit subset comprises two bits; and

the encoding unit is configured to: perform inner encoding on the consecutive K bits to obtain
a codeword, wherein

the encoding unit is specifically configured to: perform an exclusive OR operation on the two
bits in each bit subset to obtain one bit, to obtain a total of (k-1)/2 bits; and

perform second FEC encoding on a bit sequence that comprises the (k—1)/2 bits and the target
bit to obtain p parity bits, wherein the codeword comprises the consecutive k bits and the p parity
bits, and p is an integer greater than or equal to 1.

20. The data encoding apparatus according to claim 19, wherein the two bits in each bit subset
are two adjacent bits in the consecutive k bits.

21. The data encoding apparatus to claim 19 or 20, wherein the p parity bits are located after
the consecutive k bits in the codeword, and the target bit is a last bit in the consecutive k bits; or

the p parity bits are located before the consecutive k bits in the codeword, and the target bit
is a 1% bit in the consecutive k bits.

22. The data encoding apparatus according to any one of claims 19 to 21, wherein the data
encoding apparatus further comprises a mapping unit, and the mapping unit is configured to:

perform symbol mapping and polarization distribution on eight bits from four bit subsets in a
second data stream that comprises at least one codeword to obtain one dual-polarization DP-
16QAM symbol, wherein the four bit subsets are respectively mapped to an I component in an X
polarization direction, a Q component in the X polarization direction, an I component in a Y
polarization direction, and a Q component in the Y polarization direction that are of the DP-
16QAM symbol, and the X polarization direction and the Y polarization direction are orthogonal
to each other.

23. The data encoding apparatus according to any one of claims 19 to 22, wherein the second
FEC encoding is BCH encoding or extended BCH encoding over a finite field GF(2™) with t-bit
error correction, wherein both m and t are integers greater than or equal to 1, mt < p, and % +
p<2m-1.

24. The data encoding apparatus according to any one of claims 19 to 23, wherein k=119, and
GF(2™) used in the second FEC encoding is GF(28) or GF(27).

25. The data encoding apparatus according to any one of claims 19 to 24, wherein a length of
the codeword is n, the second FEC encoding is the BCH encoding over GF(2™) with t-bit error

correction, and a correspondence among n, k, GF(2™), t, and p is one of the following:
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n=133, k=119, GF(2™)= GF(27), t=2, and p=14; and

n=135, k=119, GF(2™)= GF(28), t=2, and p=16.

26. The data encoding apparatus according to any one of claims 19 to 24, wherein a length of
the codeword is n, the second FEC encoding is the extended BCH encoding over the finite field
GF(2™) with t-bit error correction, the p parity bits comprise a cyclic redundancy check CRC
extended check field of g bits, and a correspondence among n, k, GF(2™), t, p, and q is one of the
following:

n=128, k=119, GF(2™)=GF(27), t=1, p=9, and q=2;

n=134, k=119, GF(2™)= GF(27), t=2, p=15, and g=1,

n=135, k=119, GF(2™)= GF(27), t=2, p=16, and gq=2;

n=136, k=119, GF(2™)= GF(28), t=2, p=17, and =1, and

n=137, k=119, GF(2™)= GF(28), t=2, p=18, and g=2.

27. A data encoding apparatus, comprising an obtaining unit and an encoding unit, wherein

the obtaining unit is configured to: obtain consecutive Kk bits in a first data stream obtained
through first forward error correction FEC encoding, wherein K is an integer greater than or equal
to 3, the consecutive k bits comprise v bit subsets, each bit subset comprises three bits, and v is an
integer greater than or equal to 1; and

the encoding unit is configured to: perform inner encoding on the consecutive K bits to obtain
a codeword, wherein

the encoding unit is specifically configured to: perform an exclusive OR operation on the
three bits in each bit subset to obtain one bit, to obtain a total of v bits; and

perform second FEC encoding on a bit sequence that comprises the v bits to obtain p parity
bits, wherein the codeword comprises the consecutive k bits and the p parity bits, and p is an
integer greater than or equal to 1.

28. The data encoding apparatus according to claim 27, wherein the three bits in each bit
subset are consecutive three bits in the consecutive k bits.

29. The data encoding apparatus according to claim 27 or 28, wherein k=vx3.

30. The data encoding apparatus according to claim 27 or 28, wherein the consecutive k bits
further comprise r target bits, k=vx3+r, r=1 or 2, and the encoding unit is specifically configured
to:

perform the second FEC encoding on the bit sequence that comprises the v bits and the r
target bits, to obtain the p parity bits.

31. The data encoding apparatus according to claim 30, wherein the p parity bits are located
after the consecutive k bits in the codeword, and the target bits are last r bits in the consecutive k
bits; or
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the p parity bits are located before the consecutive k bits in the codeword, and the target bits
are first r bits in the consecutive k bits.

32. The data encoding apparatus according to any one of claims 27 to 31, wherein the data
encoding apparatus further comprises a mapping unit, and the mapping unit is configured to:

perform symbol mapping and polarization distribution on 12 bits from four bit subsets in a
second data stream that comprises at least one codeword to obtain one dual-polarization DP-
64QAM symbol, wherein the four bit subsets are respectively mapped to an | component in an X
polarization direction, a Q component in the X polarization direction, an I component in a Y
polarization direction, and a Q component in the Y polarization direction that are of the DP-
64QAM symbol, and the X polarization direction and the Y polarization direction are orthogonal
to each other.

33. The data encoding apparatus according to any one of claims 27 to 32, wherein the second
FEC encoding is BCH encoding or extended BCH encoding over a finite field GF(2™) with t-bit
error correction, wherein both m and t are integers greater than orequal to 1, mt < p,andv +r <
2m —1 —p.

34. The data encoding apparatus according to any one of claims 27 to 33, wherein k=119, and
GF(2™) used in the second FEC encoding is GF(28), GF(27), or GF(2°).

35. The data encoding apparatus according to any one of claims 27 to 34, wherein a length of
the codeword is n, the second FEC encoding is the BCH encoding over GF(2™) with t-bit error
correction, and a correspondence among n, k, GF(2™), t, and p is one of the following:

n=131, k=119, GF(2™)=GF(2°), t=2, and p=12;

n=133, k=119, GF(2™)=GF(27), t=2, and p=14; and

n=135, k=119, GF(2™)=GF(28), t=2, and p=16.

36. The data encoding apparatus according to any one of claims 27 to 34, wherein a length of
the codeword is n, the second FEC encoding is the extended BCH encoding over the finite field
GF(2™) with t-bit error correction, the p parity bits comprise a cyclic redundancy check CRC
extended check field of g bits, and a correspondence among n, k, GF(2™), t, p, and q is one of the
following:

n=127, k=119, GF(2™)= GF(2°), t=1, p=8, and g=2;

n=128, k=119, GF(2™)= GF(27), t=1, p=9, and g=2;

n=132, k=119, GF(2™)= GF(2°), t=2, p=13, and g=1;

n=133, k=119, GF(2™)= GF(2°), t=2, p=14, and q=2;

n=134, k=119, GF(2™)= GF(27), t=2, p=15, and g=1;

n=135, k=119, GF(2™)= GF(27), t=2, p=16, and q=2;

n=136, k=119, GF(2™)= GF(28), t=2, p=17, and =1, and
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n=137, k=119, GF(2™)= GF(28), t=2, p=18, and g=2.
37. A chip, wherein the chip comprises a processor and a memory, the memory and the
processor are connected to each other through a line, the memory stores instructions, and the

processor is configured to perform the method according to any one of claims 1 to 18.
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