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CODEWORD SYNCHRONIZATION METHOD, RECEIVER,
NETWORK DEVICE, AND NETWORK SYSTEM

This application claims priority to Chinese Patent Application No. 202010280832.9, filed on April
10, 2020 and entitled "CODEWORD SYNCHRONIZATION METHOD, RECEIVER, AND
NETWORK DEVICE", and Chinese Patent Application No. 202010424884.9, filed on May 19,
2020 and entitled "CODEWORD SYNCHRONIZATION METHOD, RECEIVER, NETWORK
DEVICE, AND NETWORK SYSTEM", which are incorporated herein by reference in their

entireties.

TECHNICAL FIELD

[0001] This application relates to the communication field, and in particular, to a codeword

synchronization method, a receiver, a network device, and a network system.

BACKGROUND

[0002] With improvement of a production process level, channel loss and noise have become
key factors that limit a data transmission rate and distance. Emergence of forward error correction
(Forward Error Correction) provides error correction protection for data in transmission, thereby
increasing a data transmission rate and distance of a channel. The FEC may be classified into a
block code (block code) and a convolutional code (convolutional code) based on different
processing manners for information sequences. The block code may be further sub-classified into
a linear block code (linear block code) and a non-linear block code (non-linear block code).
Because encoding and decoding implementation of the linear block code is simple, the linear block
code is widely used at a physical layer (physical layer) and a media access control (media access
control) sublayer of a data link layer (data link layer) in an Open Systems Interconnection model
(Open System Interconnection Model, OSI) of Ethernet.

[0003] Error detection and error correction functions of the linear block code need to be

implemented based on a complete codeword (codeword). Therefore, a codeword boundary needs
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to be determined in a data stream. To be specific, a start and an end of a complete codeword need
to be found. This process is referred to as codeword synchronization (codeword synchronization)
or frame synchronization (frame synchronization).

[0004] Currently, a synchronization solution applicable to the linear block code is available in
the industry. An alignment marker (alignment marker, AM) synchronization solution used for
200/400 GE in the 802.3 standard is used as an example. In this solution, a fixed AM sequence
needs to be inserted at an interval of a codeword with a specific length, and a receive end can
perform codeword synchronization by identifying the AM sequence. However, presence of the
AM sequence is equivalent to insertion of additional data into a data stream at a transmit end, and

therefore redundant information is added.

SUMMARY

[0005] This application provides a codeword synchronization method for self-synchronization,
a receiver, and a network device, to resolve a technical problem that additional data is added in an
AM synchronization solution.

[0006] According to a first aspect, this application provides a codeword synchronization
method. The method includes: step 1: receiving a data sequence, where the data sequence includes
a plurality of bits; step 2: determining a candidate bit in the data sequence, where the candidate bit
is included in the plurality of bits; and step 3: determining a synchronization position based on the
candidate bit, where the synchronization position indicates a start position of a codeword in the
data sequence.

[0007] The method is performed by a receiving device on a network. With this method, a
technical effect of high-precision codeword synchronization for a data stream at a receive end can
be achieved without inserting additional data into a data stream at a transmit end, and
synchronization performance achieves high reliability.

[0008] In a possible implementation, step 3 includes: performing verification on the candidate
bit, and when the verification succeeds, determining that a position of the candidate bit is the
synchronization position.

[0009] In a possible implementation, at least one second test data block is obtained from the

data sequence through division based on the candidate bit, where the position of the candidate bit
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is a start position of the at least one second test data block; and verification is performed on a
characteristic value of the at least one second test data block, and when the verification succeeds,
it is determined that the position of the candidate bit is the synchronization position.

[0010] In a possible implementation, that verification is performed on a characteristic value of
the at least one second test data block includes: sequentially accumulating a characteristic value
of each of the at least one second test data block to obtain a cumulative value, where when the
cumulative value meets a synchronization condition, the verification succeeds.

[0011] In a possible implementation, the cumulative value of the characteristic values is a
quantity of second test data blocks that are in the at least one second test data block and that are
determined as correct codewords, and the synchronization condition is that the cumulative value
is greater than or equal to a synchronization threshold; or the characteristic value is a quantity of
all-zero syndromes in syndromes, and the synchronization condition is that the cumulative value
is greater than or equal to a synchronization threshold; or the characteristic value is a quantity of
zero elements in a syndrome, and the synchronization condition is that the cumulative value is
greater than or equal to a synchronization threshold; or the characteristic value is a quantity of
correctable test data blocks, and the synchronization condition is that the cumulative value is
greater than or equal to a synchronization threshold; or the characteristic value is a quantity of test
data blocks whose reconstructed parity bits are the same as received parity bits, and the
synchronization condition is that the cumulative value is greater than or equal to a synchronization
threshold, where a length of the test data block is n bits, the first k bits of the test data block are
information bits, the last n—k bits of the test data block are the received parity bits, the reconstructed
parity bits are obtained based on the information bits, a length of the reconstructed parity bits is
n—k bits, and n and k are integers.

[0012] In a possible implementation, that verification is performed on a characteristic value of
the at least one second test data block includes: adding up characteristic values of all of the at least
one second test data block to obtain a total value, where when the total value meets a
synchronization condition, the verification succeeds.

[0013] In a possible implementation, the total value of the characteristic values is a quantity
of second test data blocks that are in the at least one second test data block and that are determined
as correct codewords; or the total value of the characteristic values is a quantity of second test data
blocks that are in the at least one second test data block and that are determined as incorrect
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codewords, and the synchronization condition is that the total value is less than or equal to a
synchronization threshold; or the characteristic value is a quantity of all-zero syndromes in
syndromes, and the synchronization condition is that the total value is greater than or equal to a
synchronization threshold; or the characteristic value is a quantity of non-all-zero syndromes in
syndromes, and the synchronization condition is that the total value is less than or equal to a
synchronization threshold; or the characteristic value is a quantity of zero elements in a syndrome,
and the synchronization condition is that the total value is greater than or equal to a synchronization
threshold; or the characteristic value is a quantity of non-zero elements in a syndrome, and the
synchronization condition is that the total value is less than or equal to a synchronization threshold,;
or the characteristic value is a quantity of correctable test data blocks, and the synchronization
condition is that the total value is greater than or equal to a synchronization threshold; or the
characteristic value is a quantity of uncorrectable test data blocks, and the synchronization
condition is that the total value is less than or equal to a synchronization threshold; or the
characteristic value is a quantity of test data blocks whose reconstructed parity bits are the same
as received parity bits, and the synchronization condition is that the total value is greater than or
equal to a synchronization threshold; or the characteristic value is a quantity of test data blocks
whose reconstructed parity bits are different from received parity bits, and the synchronization
condition is that the total value is less than or equal to a synchronization threshold, where a length
of the test data block is n bits, the first k bits of the test data block are information bits, the last n—
k bits of the test data block are the received parity bits, the reconstructed parity bits are obtained
based on the information bits, a length of the reconstructed parity bits is n—k bits, and n and k are
integers.

[0014] In a possible implementation, a position of the candidate bit is used as the
synchronization position.

[0015] In a possible implementation, a plurality of observed bits are selected from the data
sequence, and the candidate bit is selected from the plurality of observed bits.

[0016] In a possible implementation, that the candidate bit is selected from the plurality of
observed bits includes: determining a plurality of groups of first test data blocks in the data
sequence based on the plurality of observed bits, where each of the plurality of groups of first test
data blocks include at least one first test data block, and a position of each of the plurality of
observed bits is a start position of each of the plurality of groups of first test data blocks; and
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selecting one observed bit from the plurality of observed bits as the candidate bit based on
characteristic values of the plurality of groups of first test data blocks.

[0017] In a possible implementation, the selecting one observed bit from the plurality of
observed bits as the candidate bit based on characteristic values of the plurality of groups of first
test data blocks includes: sequentially determining whether a characteristic value of each of the
plurality of groups of first test data blocks meets a candidate condition, until it is determined that
a characteristic value of a group of first test data blocks meets the candidate condition; and using
an observed bit corresponding to the group of first test data blocks that meet the candidate
condition as the candidate bit.

[0018] In a possible implementation, the characteristic value of the group of first test data
blocks is a total quantity of all-zero syndromes in syndromes of all first test data blocks in the
group of first test data blocks, and the candidate condition is that the total quantity is greater than
or equal to a synchronization threshold; or the characteristic value of the group of first test data
blocks is a total quantity of non-all-zero syndromes in syndromes of all first test data blocks in the
group of first test data blocks, and the candidate condition is that the total quantity is less than or
equal to a synchronization threshold; or the characteristic value of the group of first test data blocks
is a total quantity of zero elements in syndromes of all first test data blocks in the group of first
test data blocks, and the candidate condition is that the total quantity is greater than or equal to a
synchronization threshold; or the characteristic value of the group of first test data blocks is a total
quantity of non-zero elements in syndromes of all first test data blocks in the group of first test
data blocks, and the candidate condition is that the total quantity is less than or equal to a
synchronization threshold; or the characteristic value of the group of first test data blocks is a total
quantity of correctable test data blocks in all first test data blocks in the group of first test data
blocks, and the candidate condition is that the total quantity is greater than or equal to a
synchronization threshold; or the characteristic value of the group of first test data blocks is a total
quantity of uncorrectable test data blocks in all first test data blocks in the group of first test data
blocks, and the candidate condition is that the total quantity is less than or equal to a
synchronization threshold; or the characteristic value of the group of first test data blocks is a total
quantity of test data blocks whose reconstructed parity bits are the same as received parity bits in
all first test data blocks in the group of first test data blocks, and the candidate condition is that the
total quantity is greater than or equal to a synchronization threshold; or the characteristic value of
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the group of first test data blocks is a total quantity of test data blocks whose reconstructed parity
bits are different from received parity bits in all first test data blocks in the group of first test data
blocks, and the candidate condition is that the total quantity is less than or equal to a
synchronization threshold; or the characteristic value of the group of first test data blocks is a
cumulative quantity of all-zero syndromes in syndromes of the first X first test data blocks in the
group of first test data blocks, and the candidate condition is that the cumulative quantity is greater
than or equal to a synchronization threshold; or the characteristic value of the group of first test
data blocks is a cumulative quantity of zero elements in syndromes of the first X first test data
blocks in the group of first test data blocks, and the candidate condition is that the cumulative
quantity is greater than or equal to a synchronization threshold; or the characteristic value of the
group of first test data blocks is a cumulative quantity of correctable test data blocks in the first X
first test data blocks in the group of first test data blocks, and the candidate condition is that the
cumulative quantity is greater than or equal to a synchronization threshold; or the characteristic
value of the group of first test data blocks is a cumulative quantity of test data blocks whose
reconstructed parity bits are the same as received parity bits in the first X first test data blocks in
the group of first test data blocks, and the candidate condition is that the cumulative quantity is
greater than or equal to a synchronization threshold, where a length of the test data block is n bits,
the first k bits of the test data block are information bits, the last n—k bits of the test data block are
the received parity bits, the reconstructed parity bits are obtained based on the information bits, a
length of the reconstructed parity bits is n—k bits, and n, k, and X are integers.

[0019] In a possible implementation, the selecting one observed bit from the plurality of
observed bits as the candidate bit based on characteristic values of the plurality of groups of first
test data blocks includes: comparing characteristic values of all of the plurality of groups of first
test data blocks; and using an observed bit corresponding to a group of first test data blocks whose
characteristic value is an extreme value as the candidate bit.

[0020] In a possible implementation, the characteristic value is a quantity of all-zero
syndromes in syndromes, and the extreme value is a maximum value; or the characteristic value
Is a quantity of non-all-zero syndromes in syndromes, and the extreme value is a minimum value;
or the characteristic value is a quantity of zero elements in a syndrome, and the extreme value is a
maximum value; or the characteristic value is a quantity of non-zero elements in a syndrome, and
the extreme value is a minimum value; or the characteristic value is a quantity of correctable test
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data blocks, and the extreme value is a maximum value; or the characteristic value is a quantity of
uncorrectable test data blocks, and the extreme value is a minimum value; or the characteristic
value is a quantity of test data blocks whose reconstructed parity bits are the same as received
parity bits, and the extreme value is a maximum value; or the characteristic value is a quantity of
test data blocks whose reconstructed parity bits are different from received parity bits, and the
extreme value is a minimum value, where a length of the test data block is n bits, the first k bits of
the test data block are information bits, the last n—k bits of the test data block are the received
parity bits, the reconstructed parity bits are obtained based on the information bits, a length of the
reconstructed parity bits is n—k bits, and n and k are integers.

[0021] In a possible implementation, that a plurality of observed bits are selected from the data
sequence includes: selecting one bit from the data sequence at an interval of T bits, and using the
bit as the observed bit, where T is an integer greater than 0; or selecting one bit from the data
sequence at an interval of Lxn+T bits, and using the bit as the observed bit, where L is a quantity
of test data blocks in the interval, a length of the test data block is n bits, and L and T are integers
greater than 0.

[0022] In a possible implementation, the data sequence is a modulated signal, the data
sequence includes a plurality of modulated symbols, and that a plurality of observed bits are
selected from the first data includes: selecting a start bit of a modulated symbol from the data
sequence at an interval of T modulated symbols, and using the start bit as the observed bit, where
T is an integer greater than O; or selecting a start bit of a modulated symbol from the data sequence
at an interval of Lxm+T modulated symbols, and using the start bit as the observed bit, where L is
a quantity of test data blocks in the interval, a length of the test data block is m modulated symbols,
and L and T are integers greater than 0.

[0023] In a possible implementation, a quantity of observed bits is P, P is a positive integer,
and a length of the codeword is P bits.

[0024] In a possible implementation, the determining a candidate bit in the data sequence in
step 2 includes: determining a candidate bit in a first subsequence; and that at least one second test
data block is obtained from the data sequence through division based on the candidate bit in step
3 includes: obtaining at least one second test data block from a second subsequence through
division based on the candidate bit, where the first subsequence and the second subsequence are
included in the data sequence, and the second subsequence is the same as, partially the same as, or
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different from the first subsequence.

[0025] In a possible implementation, after step 3, the method further includes: step 4: in
response to that the data sequence is in an out-of-lock state, determining an updated
synchronization position of the data sequence.

[0026] In a possible implementation, the determining an updated synchronization position of
the data sequence includes: performing step 2 and step 3 again, and using a synchronization
position determined in step 3 that is performed again as the updated synchronization position.
[0027] Ina possible implementation, after step 3 and before step 4, the method further includes:
obtaining a plurality of synchronization codewords from the data sequence through division based
on the synchronization position, where the synchronization position is a start position of the
plurality of synchronization codewords; and performing verification on characteristic values of the
plurality of synchronization codewords, and when the verification fails, determining that the data
sequence is in the out-of-lock state.

[0028] In a possible implementation, the performing verification on characteristic values of
the plurality of synchronization codewords includes: sequentially accumulating a characteristic
value of each of the plurality of synchronization codewords to obtain a cumulative value, where
when the cumulative value meets an out-of-lock condition, the verification fails.

[0029] In a possible implementation, the characteristic value is a quantity of non-all-zero
syndromes in syndromes, and the out-of-lock condition is that the cumulative value is greater than
or equal to a synchronization threshold; or the characteristic value is a quantity of non-zero
elements in a syndrome, and the out-of-lock condition is that the cumulative value is greater than
or equal to a synchronization threshold; or the characteristic value is a quantity of uncorrectable
codewords, and the out-of-lock condition is that the cumulative value is greater than or equal to a
synchronization threshold; or the characteristic value is a quantity of codewords whose
reconstructed parity bits are different from received parity bits, and the out-of-lock condition is
that the cumulative value is greater than or equal to a synchronization threshold, where a length of
the codeword is n bits, the first k bits of the codeword are information bits, the last n—k bits of the
codeword are the received parity bits, the reconstructed parity bits are obtained based on the
information bits, a length of the reconstructed parity bits is n—k bits, and n and k are integers.
[0030] In a possible implementation, the performing verification on characteristic values of
the plurality of synchronization codewords includes: adding up characteristic values of all of the
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plurality of synchronization codewords to obtain a total value, where when the total value meets
an out-of-lock condition, the verification fails.

[0031] In a possible implementation, the characteristic value is a quantity of all-zero
syndromes in syndromes, and the out-of-lock condition is that the total value is less than or equal
to a synchronization threshold; or the characteristic value is a quantity of non-all-zero syndromes
in syndromes, and the out-of-lock condition is that the total value is greater than or equal to a
synchronization threshold; or the characteristic value is a quantity of zero elements in a syndrome,
and the out-of-lock condition is that the total value is less than or equal to a synchronization
threshold; or the characteristic value is a quantity of non-zero elements in a syndrome, and the out-
of-lock condition is that the total value is greater than or equal to a synchronization threshold; or
the characteristic value is a quantity of correctable codewords, and the out-of-lock condition is that
the total value is less than or equal to a synchronization threshold; or the characteristic value is a
quantity of uncorrectable codewords, and the out-of-lock condition is that the total value is greater
than or equal to a synchronization threshold; or the characteristic value is a quantity of codewords
whose reconstructed parity bits are the same as received parity bits, and the out-of-lock condition
is that the total value is less than or equal to a synchronization threshold; or the characteristic value
is a quantity of codewords whose reconstructed parity bits are different from received parity bits,
and the out-of-lock condition is that the total value is greater than or equal to a synchronization
threshold, where a length of the codeword is n bits, the first k bits of the codeword are information
bits, the last n—k bits of the codeword are the received parity bits, the reconstructed parity bits are
obtained based on the information bits, a length of the reconstructed parity bits is n—k bits, and n
and k are integers.

[0032] In a possible implementation, the data sequence is a linear block code.

[0033] According to a second aspect, this application provides a communication device for
performing the method in any one of the first aspect or the possible implementations of the first
aspect. Specifically, the network device includes units configured to perform the method in any
one of the first aspect or the possible implementations of the first aspect.

[0034] According to a third aspect, this application provides a communication device, where
the communication device includes a processor, a communication interface, and a memory. The
communication interface may be a transceiver. The memory may be configured to store program
code. The processor is configured to invoke the program code in the memory to perform the

9



10

15

20

25

30

method in any one of the first aspect or the possible implementations of the first aspect. Details
are not described herein again.

[0035] According to a fourth aspect, this application provides a network system. The network
system includes a sending device and a receiving device. The receiving device is the
communication device provided in the second or third aspect, and the receiving device is
configured to receive a data sequence sent by the sending device.

[0036] According to a fifth aspect, this application provides a computer-readable storage
medium. The computer-readable storage medium stores instructions. When the instructions are run
on a computer, the computer is enabled to perform the methods in the foregoing aspects.

[0037] According to a sixth aspect, this application provides a computer program product
including computer program instructions. When the computer program product runs on a network
device, the network device is enabled to perform the method provided in any one of the first aspect
or the possible implementations of the first aspect.

[0038] According to a seventh aspect, this application provides a chip, including a memory
and a processor. The memory is configured to store a computer program. The processor is
configured to invoke the computer program from the memory and run the computer program, to
perform the method in any one of the first aspect or the possible implementations of the first aspect.
[0039] Optionally, the chip includes only a processor. The processor is configured to read a
computer program stored in a memory and execute the computer program. When the computer
program is executed, the processor performs the method in any one of the first aspect or the
possible implementations of the first aspect.

[0040] According to an eighth aspect, this application provides a network node. The network
node includes a main control board and an interface board. The main control board includes a first
processor and a first memory. The interface board includes a second processor, a second memory,
and an interface card. The main control board is coupled to the interface board.

[0041] The first memory may be configured to store program code. The first processor is
configured to invoke the program code in the first memory to perform the following operations:
determining a candidate bit in a data sequence, where the candidate bit is included in a plurality of
bits; and determining a synchronization position based on the candidate bit, where the
synchronization position indicates a start position of a codeword in the data sequence.

[0042] The second memory may be configured to store program code. The second processor
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is configured to invoke the program code in the second memory to trigger the interface card to
perform the following operation: receiving the data sequence, where the data sequence includes
the plurality of bits.

[0043] In a possible implementation, an inter-process communication protocol (inter-process
communication, IPC) channel is established between the main control board and the interface
board, and the main control board and the interface board communicate with each other through

the IPC channel.

BRIEF DESCRIPTION OF DRAWINGS

[0044] To describe technical solutions of this application more clearly, the following briefly
describes the accompanying drawings for describing embodiments. It is clear that the
accompanying drawings in the following descriptions show merely some embodiments of this
application, and a person of ordinary skill in the art can derive other technical solutions and
accompanying drawings of this application from these accompanying drawings without creative
efforts.

[0045] FIG. 1 shows synchronization positions of codewords according to an embodiment of
this application;

[0046] FIG. 2 is a synchronization flowchart according to an embodiment of this application;
[0047] FIG. 3 is a synchronization flowchart according to an embodiment of this application;
[0048] FIG. 4 shows an observed bit selection method according to an embodiment of this
application;

[0049] FIG. 5 shows an observed bit selection method according to an embodiment of this
application;

[0050] FIG. 6 shows an observed bit selection method according to an embodiment of this
application;

[0051] FIG. 7 shows an observed bit selection method according to an embodiment of this
application;

[0052] FIG. 8A and FIG. 8B show a first stage of synchronization lock determining according
to an embodiment of this application;

[0053] FIG. 9 shows a second stage of synchronization lock determining according to an
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embodiment of this application;

[0054] FIG. 10 shows synchronization out-of-lock determining according to an embodiment
of this application;

[0055] FIG. 11 is a synchronization flowchart according to an embodiment of this application;
[0056] FIG. 12 is a schematic diagram of a structure of a communication device according to
an embodiment of this application;

[0057] FIG. 13 is a schematic diagram of a structure of a communication device according to
an embodiment of this application; and

[0058] FIG. 14 is a schematic diagram of a structure of a communication device according to

an embodiment of this application.

DESCRIPTION OF EMBODIMENTS

[0059] The following describes embodiments of this application with reference to the
accompanying drawings.

[0060] Due to impact of channel loss and noise, an error occurs when a signal is transmitted
in a channel, affecting reliability of a communication system. When the signal is represented in a
form of a data sequence including a plurality of bits, the transmission error is specifically embodied
as a change in values of some bits in the data sequence, that is, a bit error occurs. FEC is a
technology for controlling transmission errors in a communication system. In the FEC technology,
redundant information is sent together with an original data sequence to recover errors during
transmission and reduce a bit error rate. The FEC may be classified into a block code and a
convolutional code based on different processing manners for information sequences. The block
code may be further sub-classified into a linear block code and a non-linear block code. A
systematic code (systematic code) of the linear block code is used as an example. A transmit end
divides an original data sequence into groups, and a length of each group is k bits (bit). Further,
redundant information of n—k bits is added to each group according to a specific encoding rule,
where the redundant information is also referred to as parity (parity) bits, to finally obtain a
codeword with a length of n bits. Therefore, in the codeword with a length of n bits, the first k bits
are original data and are also referred to as information bits, and the last n—k bits are the parity bits,

and the entire codeword includes the information bits and the parity bits. After the codeword
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reaches a receive end through a channel, if a quantity of bit errors in the codeword is within a
correctable range, the receive end may check for and correct an error in a decoding process, and
restore the received codeword to the original data sent by the transmit end, thereby resisting
interference from the channel and improving reliability of the communication system. Error
detection and error correction functions of the linear block code need to be implemented based on
a complete codeword. Therefore, before a data sequence received by the receive end is decoded, a
codeword boundary needs to be determined in the data sequence. To be specific, a start position
and an end position of a complete codeword need to be found. This process is referred to as
codeword synchronization or frame synchronization. If the codeword synchronization is
performed incorrectly, to be specific, a real codeword boundary is not determined, an expected
effect of error detection or error correction cannot be achieved in a subsequent decoding process,
or a quantity of bit errors may even increase, causing deterioration of performance of the
communication system.

[0061] A start position of each codeword may also be referred to as a synchronization position
(synchronization position). A systematic code is still used as an example. FIG. 1 shows
synchronization positions of codewords. As shown in FIG. 1, a length of an entire codeword is n
bits, where the first k bits are original data (information bits), and the last n—k bits are additional
parity bits (parity bits) added according to an encoding rule, and a synchronization position is a
start position of the codeword, namely, a position of the first bit in the codeword. Both n and k are
integers. It can be learned that there are a plurality of synchronization positions in a data sequence,
and the plurality of synchronization positions are correlated with each other, where an interval
between synchronization positions is fixed, and the interval is a length of a codeword.

[0062] In this embodiment of this application, although the systematic code is used as an
example for description, this application is not limited to the systematic code, and is also applicable
to a non-systematic code (non-systematic code). This application is applicable to all
communication systems using the linear block code. The linear block code includes but is not
limited to a Reed-Solomon code (Reed-Solomon code, RS code), a Bose-Chaudhuri-
Hocquenghem code (Bose-Chaudhuri-Hocquenghem code, BCH code), a low-density parity-
check code (Low-Density Parity-Check code, LDPC code), a Hamming code (Hamming code), a
Golay code (Golay code), a Reed-Muller code (Reed-Muller code), and the like.

[0063] Embodiments of this application provide a codeword synchronization method, and a
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device and system based on the method. The method, the device, and the system are based on a
same inventive concept. The method may include two stages. In a first stage, a plurality of groups
of first test data blocks are obtained through division based on a plurality of observed bits, and an
observed bit most likely in a synchronization position is selected from the plurality of observed
bits based on the plurality of groups of first test data blocks. In a second stage, a group of second
test data blocks are obtained through division based on the observed bit most likely in a
synchronization position, and whether the observed bit most likely in a synchronization position
IS a synchronization position is determined based on the group of second test data blocks.
Alternatively, the method may include only the first stage. After the observed bit most likely in a
synchronization position is determined and selected, the observed bit most likely in a
synchronization position is directly used as a synchronization position. In this method, a technical
effect of high-precision codeword synchronization for a data stream at a receive end can be
achieved without inserting additional data into a data stream at a transmit end, and synchronization
performance achieves high reliability.

[0064] FIG. 2 is a flowchart of a method according to an embodiment of this application. The
method is applied to a receive-end device on a communication network. The receive-end device
may be various devices for performing FEC, including but not limited to a router, a switch, and a
server. The method includes the following steps.

[0065] S210: Receive a data sequence.

[0066] Specifically, a receive end receives the data sequence from a transmit end, where the
data sequence includes a plurality of bits, and each bit is binary data. That is, the data sequence is
a sequence including a plurality of bits, and may also be referred to as a bit sequence. In some
embodiments, the data sequence is a linear block code. The data sequence is transmitted through
a channel, and a bit error may occur. Operations such as error detection and error correction need
to be performed.

[0067] S220: In a first stage, determine a candidate bit in the data sequence, where the
candidate bit is included in the plurality of bits. The candidate bit is an observed bit most likely in
a synchronization position among a plurality of observed bits, in other words, a position of the
candidate bit is a most likely synchronization position.

[0068] As shown in FIG. 3, the first stage may include two steps: S221 and S222.

[0069] S221: The receive end selects a plurality of observed bits from the received data
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sequence. Positions of the observed bits include the synchronization position, to be specific, a
position of one of the observed bits may be the synchronization position, in other words, the
positions of the observed bits can cover the synchronization position.

[0070] Optionally, in the first stage, when the candidate bit in the data sequence is determined
in the method, only a part of the data sequence, for example, a first subsequence in the data
sequence, is used, that is, a candidate bit in the first subsequence is determined. The first
subsequence includes a plurality of bits, and the first subsequence may be any part of the data
sequence. The receive end selects the plurality of observed bits from the first subsequence, where
the positions of the observed bits may be synchronization positions. For example, a quantity of
observed bits is P, and P is an integer greater than 1.

[0071] Optionally, when the plurality of observed bits are selected from the received data
sequence, intervals between every two adjacent observed bits in the plurality of observed bits are
the same, and a position of each of the plurality of observed bits is sequentially arranged backward.
[0072] A concept of a test data block is introduced in a codeword synchronization process. The
test data block is a part of the data sequence. The test data block includes several consecutive bits.
A length of the test data block is the same as a length of a codeword. It can be said that the test
data block is used to simulate a codeword.

[0073] Optionally, the plurality of observed bits may be located in a single test data block, and
a position of each of the plurality of observed bits in the single test data block is sequentially
arranged backward. Specifically, one bit is selected as the observed bit at an interval of T bits,
where T is an integer greater than 0. FIG. 4 shows an observed bit selection manner, where by, b,
and bz are three adjacent observed bits and respectively correspond to three bits in the data
sequence: X(0), x(1), and x(2). An interval between observed bits is 1 bit, that is, T is 1. The three
observed bits are located in a single test data block, for example, a test data block obtained through
division by using x(0) as a start position in FIG. 4. In the test data block, a position of by is the first
position in the test data block, and positions of b, and bz are the second position and the third
position in the test data block respectively. That is, a position of each of the three observed bits in
the single test data block is sequentially arranged backward. Although FIG. 4 shows only the three
observed bits, a manner of selecting more observed bits may be deduced by analogy. Details are
not described herein again.

[0074] Optionally, the plurality of observed bits may be respectively located in a plurality of
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test data blocks, and a position of each of the plurality of observed bits in each test data block is
sequentially arranged backward. Specifically, one bit is selected as the observed bit at an interval
of Lxn+T bits, where L is a quantity of test data blocks in the interval, a length of the test data
block is n bits, and L and T are integers greater than 0. FIG. 5 shows an observed bit selection
manner, where by and b are two adjacent observed bits and respectively correspond to two bits in
the data sequence: x(0) and x(Lxn+1). The two observed bits are respectively located in two
different test data blocks, for example, a test data block obtained through division by using x(0) as
a start position and a test data block obtained through division by using x(Lxn) as a start position
in FIG. 5. An interval between the two test data blocks is L test data blocks, and an interval between
the two observed bits is Lxn+1 bits, that is, T is 1. In the test data block obtained through division
by using x(0) as the start position, a position of by is the first position in the test data block. In the
test data block obtained through division by using x(Lxn) as the start position, a position of b2 is
the second position in the test data block. That is, a position of each of the two observed bits in
each test data block is sequentially arranged backward. Although FIG. 5 shows only the two
observed bits, a manner of selecting more observed bits may be deduced by analogy. Details are
not described herein again. In this case, an interval between adjacent observed bits is longer, and
correlation between observed bits is lower, thereby reducing impact caused by a burst bit error,
and improving accuracy of codeword synchronization.

[0075] Optionally, when the plurality of observed bits are selected, the positions of the
plurality of observed bits may traverse all positions in a test data block.

[0076] For example, when the plurality of observed bits are located in a single test data block,
the positions of the plurality of observed bits may traverse all positions in the test data block, in
other words, the positions of the plurality of observed bits traverse all positions in the codeword.
In the observed bit selection manner shown in FIG. 4, a length of a codeword is n bits, and a
quantity of observed bits is P. When P is equal to n, the positions of the plurality of observed bits
can traverse all positions in the single test data block.

[0077] For example, when the plurality of observed bits are respectively located in a plurality
of test data blocks, a same position in each of the plurality of test data blocks is considered as an
equivalent position. For example, the first position in each of the plurality of test data blocks is
considered as an equivalent position. In this way, the positions of the plurality of observed bits can
traverse all equivalent positions, in other words, the positions of the plurality of observed bits
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traverse all positions in the plurality of test data blocks. In the observed bit selection manner shown
in FIG. 5, a length of a codeword is n bits, where in this case, a quantity of equivalent positions is
n, and a quantity of observed bits is P. When P is equal to n, the positions of the plurality of
observed bits can traverse all equivalent positions, in other words, the positions of the plurality of
observed bits can traverse all positions in the plurality of test data blocks.

[0078] Optionally, when the plurality of observed bits are selected, the positions of the
plurality of observed bits may alternatively not traverse all positions in a codeword. That is, a value
of P may be less than n.

[0079] If the positions of the plurality of observed bits traverse all the positions in the test data
block, accuracy of a codeword synchronization result is higher. However, as a quantity of observed
bits increases, system resources consumed in a codeword synchronization process also increase.
[0080] A signal may be modulated at the transmit end to obtain a modulated signal. Common
modulation schemes include pulse amplitude modulation (Pulse-Amplitude Modulation, PAM),
quadrature amplitude modulation (Quadrature Amplitude Modulation, QAM), phase-shift keying
(Phase-Shift Keying, PSK), and the like. A pulse amplitude of the modulated signal may include a
plurality of orders, and a quantity of the plurality of orders may be referred to as a modulation
order. The PAM is used as an example. When the pulse amplitude of the modulated signal has two
orders, the modulation order is 2, and a modulation scheme may be referred to as PAM2; when the
pulse amplitude of the modulated signal has four orders, the modulation order is 4, and a
modulation scheme may be referred to as PAM4; and so on. The modulated signal may be
represented as a modulated data sequence. Compared with an unmodulated data sequence, a basic
unit of the modulated data sequence changes from a bit to a symbol. To be specific, in the
modulated data sequence, a codeword includes several symbols, and a symbol includes several
bits. A quantity of bits included in the symbol is related to the modulation order. When the
modulation order is M, the quantity of bits included in the symbol is log> M, where M is an integer
multiple of 2. For example, when the modulation order is 2, the symbol includes one bit; or when
the modulation order is 4, the symbol includes two bits. It can be learned that a start position of
the codeword is also certainly a start position of a specific symbol, but not another position of the
symbol. Therefore, for the modulated signal, when the plurality of observed bits are selected, only
a start bit of a symbol may be considered, without considering other bits of the symbol.

[0081] Optionally, the plurality of observed bits are respectively start bits of a plurality of
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symbols, the plurality of symbols are in a single test data block, and positions of the plurality of
symbols in the test data block are sequentially arranged backward. Specifically, a start bit of a
modulated symbol is selected as the observed bit at an interval of T modulated symbols, where T
is an integer greater than 0. In other words, a start bit of a modulated symbol is selected as the
observed bit at an interval of T-log,M bits. FIG. 6 shows an observed bit selection manner,
where a data sequence is a modulated signal, and a modulation order is 4. In this case, the data
sequence includes a plurality of modulated symbols, and each symbol includes two bits, for
example, a symbol including x(0) and x(1), a symbol including x(2) and x(3), a symbol including
X(4) and x(5), and so on. by, b, and bs are three adjacent observed bits and respectively correspond
to three bits in the data sequence: x(0), X(2), and x(4). The three observed bits are respectively start
bits of three symbols, and the three symbols are the symbol including x(0) and x(1), the symbol
including x(2) and x(3), and the symbol including x(4) and x(5). An interval between every two
adjacent symbols in the three symbols is one symbol, that is, T is 1. In addition, positions of the
three symbols in a single test data block are sequentially arranged backward. Although FIG. 6
shows only the three observed bits, a manner of selecting more observed bits may be deduced by
analogy. Details are not described herein again.

[0082] Optionally, the plurality of observed bits are respectively start bits of a plurality of
symbols, the plurality of symbols are respectively located in a plurality of test data blocks, and a
position of each of the plurality of symbols in each test data block is sequentially arranged
backward. Specifically, a start bit of a modulated symbol is selected as the observed bit at an
interval of Lxm+T modulated symbols, where L is a quantity of test data blocks in the interval, a
length of the test data block is m modulated symbols, and L and T are integers greater than 0. In
other words, a start bit of a modulated symbol is selected as the observed bit at an interval of (L -
m + T) - log,M bits. FIG. 7 shows an observed bit selection manner, where a data sequence is a
modulated signal, and a modulation order is 4. In this case, the data sequence includes a plurality
of modulated symbols, and each symbol includes two bits, for example, a symbol including x(0)
and x(1), a symbol including x(Lxn) and x(Lxn+1), a symbol including x(Lxn+2) and x(Lxn+3),
and so on. b; and b are two adjacent observed bits and respectively correspond to two bits in the
data sequence: x(0) and x(Lxn+2). The two observed bits are respectively start bits of two symbols,
and the two symbols are the symbol including x(0) and x(1), and the symbol including x(Lxn+2)
and x(Lxn+3). In addition, the two observed bits are respectively located in two different test data
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blocks, for example, a test data block obtained through division by using x(0) as a start position
and a test data block obtained through division by using x(Lxn) as a start position in FIG. 7. An
interval between the two test data blocks is L test data blocks, and an interval between the two
observed bits is Lxm+1 symbols, that is, T is 1. In the test data block obtained through division by
using x(0) as the start position, a symbol in which by is located is the first symbol in the test data
block. In the test data block obtained through division by using x(Lxn) as the start position, a
symbol in which b is located is the second symbol in the test data block. That is, a position of
each of the two symbols in each test data block is sequentially arranged backward. Although FIG.
7 shows only the two observed bits, a manner of selecting more observed bits may be deduced by
analogy. Details are not described herein again. In this case, an interval between adjacent observed
bits is longer, and correlation between observed bits is lower, thereby reducing impact caused by
a burst bit error, and improving accuracy of codeword synchronization.

[0083] S222: Select a candidate bit from the plurality of observed bits. The candidate bit is
one of the plurality of observed bits, and the candidate bit is an observed bit most likely in a
synchronization position. Specifically, S222 may include two steps: S2221 and S2222.

[0084] S2221: Obtain a plurality of groups of first test data blocks from the data sequence
through division based on the plurality of observed bits, where the plurality of groups of first test
data blocks are in a one-to-one correspondence with the plurality of observed bits. Specifically,
each of the plurality of groups of first test data blocks include at least one first test data block, and
a position of each of the plurality of observed bits is a start position of each of the plurality of
groups of first test data blocks.

[0085] Optionally, each of the plurality of observed bits is used as a start position, and N test
data blocks after the observed bit are selected, where N is an integer greater than or equal to 1. A
position of each of the plurality of observed bits is a start position of each of the plurality of groups
of first test data blocks. N test data blocks selected by using each observed bit as a start position
are a group of first test data blocks. In this case, a plurality of groups of N test data blocks selected
by using each of the plurality of observed bits as a start position are the plurality of groups of first
test data blocks. Each of the plurality of groups of first test data blocks correspond to one observed
bit used as a start position of the group of first test data blocks, that is, the plurality of groups of
first test data blocks are in a one-to-one correspondence with the plurality of observed bits.
[0086] Optionally, the N test data blocks may be consecutive, that is, each group of first test
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data blocks include N consecutive data blocks. When a length of each test data block is n bits, Nxn
consecutive bits after the observed bit are selected, to obtain the N test data blocks.

[0087] Optionally, the N test data blocks may be alternatively inconsecutive, and a start
position of each of the N test data blocks is correlated with an observed bit corresponding to the
group of test data blocks. Specifically, an interval between the start position of each test data block
and the observed bit corresponding to the group of test data blocks is an integer multiple of a length
of a codeword, that is, intervals between every two of the N test data blocks are integer multiples
of the length of the codeword. In addition, the intervals between every two of the N test data blocks
may be the same or different.

[0088] As shown in FIG. 4, the observed bit b; is used as a start position, and a group of first
test data blocks after the observed bit by are selected. The group of first test data blocks include N
test data blocks: By, By, ..., and By, and a length of each test data block is n bits. Similarly, if the
observed bit b, or bz is used as a start position, a group of first test data blocks after the observed
bit b2 or bs can also be selected. If the observed bit by, b2, or bz is separately used as a start position,
the plurality of groups of first test data blocks are selected. Manners of selecting the plurality of
groups of first test data blocks in FIG. 5, FIG. 6, and FIG. 7 are similar to that in FIG. 4. Details
are not described herein again.

[0089] S2222: Select one observed bit, namely, the observed bit most likely in a
synchronization position, from the plurality of observed bits as the candidate bit based on
characteristic values of the plurality of groups of first test data blocks.

[0090] Optionally, when one observed bit is selected, based on the characteristic values of the
plurality of groups of first test data blocks, from the plurality of observed bits as the observed bit
most likely in a synchronization position, a selection manner may be a selection manner of early
termination. Specifically, whether a characteristic value of each of the plurality of groups of first
test data blocks meets a candidate condition is sequentially determined, until it is determined that
a characteristic value of a group of first test data blocks meets the candidate condition; and an
observed bit corresponding to the group of first test data blocks that meet the candidate condition
Is used as the candidate bit.

[0091] Optionally, when one observed bit is selected, based on the characteristic values of the
plurality of groups of first test data blocks, from the plurality of observed bits as the observed bit
most likely in a synchronization position, a selection manner may be a selection manner of
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traversal. Specifically, characteristic values of all of the plurality of groups of first test data blocks
are compared, and an observed bit corresponding to a group of first test data blocks whose
characteristic value is an extreme value is used as the candidate bit.
[0092] In the selection manner of early termination and the selection manner of traversal,
characteristic values may be calculated in parallel. To be specific, a plurality of calculation units
are used to simultaneously calculate characteristic values of a plurality of test data blocks. For
example, 10 calculation units are used to simultaneously calculate characteristic values of 10 test
data blocks. In the parallel calculation manner, a calculation time can be shortened, and a latency
can be reduced.
[0093] Optionally, the characteristic value may be a characteristic value of a syndrome.
[0094] A parity-check matrix (parity-check matrix) may be generated for each linear block
code. The parity-check matrix describes a linear relationship between data within codewords of
the linear block code, and the parity-check matrix may be applied to a decoding process. When the
data sequence is a linear block code, a parity-check matrix also exists for the data sequence, and
may be referred to as a parity-check matrix of the data sequence. Specifically, the data sequence
and the parity-check matrix of the data sequence meet the following expression:

S=C-HT=0 (1), where

C is a codeword in the data sequence, S is a syndrome of the codeword, and H is the
parity-check matrix of the data sequence. It can be learned from the expression (1) that the
syndrome of the codeword in the data sequence is obtained by multiplying the codeword by a
transposed matrix of the parity-check matrix of the data sequence, and the syndrome is a zero
vector, namely, an all-zero matrix.
[0095] As described above, when the data sequence is a data sequence received by the receive
end, a start position of a codeword needs to be determined in the data sequence. If a codeword is
not obtained from the data sequence through division in a correct start position, an obtained
codeword no longer meets the expression (1). In this case, a syndrome of a codeword in the data
sequence may be represented by using the following expression:

Sz =R-HT (2), where

R is a codeword in the data sequence received by the receive end, Sr is a syndrome of
the codeword, and H is a parity-check matrix of an original data sequence sent by the transmit end.

In the expression (2), the syndrome of the codeword in the data sequence received by the receive
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end is a product of the codeword and a transposed matrix of a parity-check matrix of the original
data sequence sent by the transmit end. It can be learned from the foregoing analysis that, for a
received codeword, when no bit error occurs in the codeword, Sr is an all-zero matrix; or when a
bit error occurs in the codeword, Sr is very likely no longer an all-zero matrix. Therefore,
codeword synchronization may be implemented by using a syndrome of a test data block in the
data sequence received by the receive end. Specifically, one observed bit may be selected, by using
the syndrome of the test data block in the data sequence received by the receive end, from the
plurality of observed bits as the observed bit most likely in a synchronization position.

[0096] Optionally, a syndrome of each of the plurality of groups of first test data blocks is
separately calculated.

[0097] As shown in FIG. 4, a syndrome of a group of first test data blocks with the observed
bit by as a start bit is calculated: S® shown in FIG. 4, including S$:®, S;®, ..., and Sn®,
corresponding to test data blocks B, By, ..., and Bn respectively. By analogy, a syndrome of a
group of first test data blocks with the observed bit b, as a start bit and a syndrome of a group of
first test data blocks with the observed bit bs as a start bit are separately calculated: S® and S®
shown in FIG. 4. Although FIG. 4 shows only a manner of calculating a syndrome of a group of
first test data blocks with each of three observed bit as a start bit, a manner of calculating more
syndromes may be obtained by analogy. Details are not described herein again. Manners of
calculating syndromes of the plurality of groups of first test data blocks in FIG. 5, FIG. 6, and FIG.
7 are similar to that in FIG. 4. Details are not described herein again.

[0098] For example, the characteristic value may be a quantity of all-zero syndromes in
syndromes. When the selection manner of early termination is used, the candidate condition is
correlated with the characteristic value. The candidate condition may be that a characteristic value
of a group of first test data blocks is greater than or equal to a synchronization threshold.
Specifically, a relationship between the synchronization threshold and a quantity of all-zero
syndromes in syndromes of each group of first test data blocks is sequentially determined, and
when it is determined that a quantity of all-zero syndromes in syndromes of a group of first test
data blocks is greater than or equal to the synchronization threshold, an observed bit corresponding
to the group of first test data blocks that meet the candidate condition is used as the candidate bit.
The observed bit corresponding to the group of first test data blocks is an observed bit used as a
start bit of the group of first test data blocks.
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[0099] A value of the synchronization threshold may be obtained through simulation analysis.
For example, a data sequence is used as a data sequence received by the receive end, a bit error
rate of the data sequence is designed to be within an acceptable range, a quantity of all-zero
syndromes in syndromes of a group of test data blocks obtained through division based on a
synchronization position and a quantity of all-zero syndromes in syndromes of a group of test data
blocks obtained through division based on a non-synchronization position are separately counted,
and a synchronization threshold is determined based on a difference between the two quantities,
so that the synchronization threshold can be used to distinguish between the synchronization
position and the non-synchronization position.

[00100] When the characteristic value is a quantity of all-zero syndromes in syndromes and the
selection manner of early termination is used, for a process of selecting the observed bit most likely
in a synchronization position, refer to FIG. 4. The synchronization threshold may be 2. As shown
in FIG. 4, a relationship between the synchronization threshold and a quantity of all-zero
syndromes in each of the syndromes S®, S@, and S® is sequentially determined. For example, a
quantity Q1 of all-zero syndromes in syndromes of a first group of first test data blocks is equal to
0, which is less than the synchronization threshold. A quantity Q> of all-zero syndromes in
syndromes of a second group of first test data blocks is equal to 2, which is equal to the
synchronization threshold. In this case, b, is selected as the observed bit most likely in a
synchronization position. In addition, when determining proceeds to by, if it is determined that b
meets the candidate condition, a relationship between the synchronization threshold and a quantity
of all-zero syndromes in syndromes corresponding to a subsequent observed bit is no longer
determined, that is, a relationship between the synchronization threshold and a quantity of all-zero
syndromes in S® is no longer determined.

[00101] Optionally, in the selection manner of early termination, a statistical manner of early
termination may be alternatively used for a characteristic value of each group of first test data
blocks. To be specific, the characteristic value of the group of first test data blocks may be a total
quantity of all-zero syndromes in syndromes of all first test data blocks in the group of first test
data blocks, and correspondingly, the candidate condition may be that the total quantity is greater
than or equal to the synchronization threshold. In the selection process shown in FIG. 4, when a
relationship between the synchronization threshold and a quantity of all-zero syndromes in each
of the syndromes S®, S@ and S® is sequentially determined, a syndrome of each test data block
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in each group of first test data blocks is sequentially calculated; when the syndrome is an all-zero
syndrome, a quantity of all-zero syndrome is incremented by 1; and when a cumulative quantity
of all-zero syndromes meets the candidate condition, in other words, the cumulative quantity of
all-zero syndromes is greater than or equal to the synchronization threshold, it is considered that
the group of first test data blocks already meet the candidate condition, and calculation is no longer
performed for a subsequent test data block that is in the group and whose syndrome has not been
calculated. For example, for the second group of first test data blocks, if both S1® and S;® are all-
zero syndromes, it is considered that the quantity Q2 of all-zero syndromes in the syndromes of
the second group of first test data blocks has been accumulated to 2, which reaches the
synchronization threshold, and the group of first test data blocks already meet the candidate
condition. In this case, b is selected as the observed bit most likely in a synchronization position,
and syndromes of subsequent S3® to Sn® are no longer calculated. Optionally, in the selection
manner of early termination, a statistical manner of traversal may be alternatively used for a
characteristic value of each group of first test data blocks. To be specific, the characteristic value
of the group of first test data blocks may be a cumulative quantity of all-zero syndromes in
syndromes of the first X first test data blocks in the group of first test data blocks, and
correspondingly, the candidate condition may be that the cumulative quantity is greater than or
equal to the synchronization threshold. In a specific selection process, a syndrome of each first test
data block in the group is calculated, to determine whether a total quantity of all-zero syndromes
in the group of syndromes meets the candidate condition, in other words, whether the total quantity
of all-zero syndromes in the group of syndromes is greater than or equal to the synchronization
threshold. A specific operation process is not described herein again.

[00102] For example, the characteristic value may be a quantity of all-zero syndromes in
syndromes. When the selection manner of traversal is used, the extreme value is correlated with
the characteristic value. The extreme value may be a maximum value. Specifically, a quantity of
all-zero syndromes in syndromes of each group of first test data blocks may be counted, a group
of first test data blocks with a largest quantity of all-zero syndromes are determined, and an
observed bit corresponding to the group of first test data blocks is used as the observed bit most
likely in a synchronization position.

[00103] When the characteristic value is a quantity of all-zero syndromes in syndromes and the
selection manner of traversal is used, for a process of selecting the observed bit most likely in a
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synchronization position, still refer to FIG. 4. As shown in FIG. 4, a quantity of all-zero syndromes
in each of the syndromes S®, S@, and S® is separately counted, and is denoted as Q1, Q2, and Qs
respectively, and a maximum value of the quantities is determined, for example, Q1=0, Q»=0, and
Q3=2, and a maximum value is as follows: Qsz=2. In this case, bz is selected as the observed bit
most likely in a synchronization position, and a position of bs is a most likely synchronization
position.

[00104] For example, the characteristic value may be a quantity of non-all-zero syndromes in
syndromes. When the selection manner of early termination is used, the candidate condition is
correlated with the characteristic value. The candidate condition may be that a characteristic value
of a group of first test data blocks is less than or equal to a synchronization threshold. Specifically,
a relationship between the synchronization threshold and a quantity of non-all-zero syndromes in
syndromes of each group of first test data blocks is sequentially determined, and when it is
determined that a quantity of non-all-zero syndromes in syndromes of a group of first test data
blocks is less than or equal to the synchronization threshold, an observed bit corresponding to the
group of first test data blocks that meet the candidate condition is used as the candidate bit. A value
of the synchronization threshold may be alternatively obtained through simulation analysis. A
specific process is similar to that of the synchronization threshold corresponding to all-zero
syndromes. Details are not described herein again.

[00105] For example, the characteristic value may be a quantity of non-all-zero syndromes in
syndromes. When the selection manner of traversal is used, the extreme value is correlated with
the characteristic value. The extreme value may be a minimum value. Specifically, a quantity of
non-all-zero syndromes in syndromes of each group of first test data blocks may be counted, a
group of first test data blocks with a smallest quantity of non-all-zero syndromes are determined,
and an observed bit corresponding to the group of first test data blocks is used as the observed bit
most likely in a synchronization position.

[00106] Forexample, the characteristic value may be a quantity of zero elements in a syndrome.
When the selection manner of early termination is used, the candidate condition is correlated with
the characteristic value. The candidate condition may be that a characteristic value of a group of
first test data blocks is greater than or equal to a synchronization threshold. Specifically, a
relationship between the synchronization threshold and a quantity of zero elements in syndromes
of each group of first test data blocks is sequentially determined, and when it is determined that a
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quantity of zero elements in syndromes of a group of first test data blocks is greater than or equal
to the synchronization threshold, an observed bit corresponding to the group of first test data blocks
that meet the candidate condition is used as the candidate bit. A value of the synchronization
threshold may be alternatively obtained through simulation analysis.

[00107] Forexample, the characteristic value may be a quantity of zero elements in a syndrome.
When the selection manner of traversal is used, the extreme value is correlated with the
characteristic value. The extreme value may be a maximum value. Specifically, a quantity of zero
elements in syndromes of each group of first test data blocks may be counted, a group of first test
data blocks with a largest quantity of zero elements are determined, and an observed bit
corresponding to the group of first test data blocks is used as the observed bit most likely in a
synchronization position.

[00108] For example, the characteristic value may be a quantity of non-zero elements in a
syndrome. When the selection manner of early termination is used, the candidate condition is
correlated with the characteristic value. The candidate condition may be that a characteristic value
of a group of first test data blocks is less than or equal to a synchronization threshold. Specifically,
a relationship between the synchronization threshold and a quantity of non-zero elements in
syndromes of each group of first test data blocks is sequentially determined, and when it is
determined that a quantity of non-zero elements in syndromes of a group of first test data blocks
is less than or equal to the synchronization threshold, an observed bit corresponding to the group
of first test data blocks that meet the candidate condition is used as the candidate bit. A value of
the synchronization threshold may be alternatively obtained through simulation analysis.

[00109] For example, the characteristic value may be a quantity of non-zero elements in a
syndrome. When the selection manner of traversal is used, the extreme value is correlated with the
characteristic value. The extreme value may be a minimum value. Specifically, a quantity of non-
zero elements in syndromes of each group of first test data blocks may be counted, a group of first
test data blocks with a smallest quantity of non-zero elements are determined, and an observed bit
corresponding to the group of first test data blocks is used as the observed bit most likely in a
synchronization position.

[00110] When the characteristic value is a quantity of a non-all-zero syndrome, a zero element,
or a non-zero element in a syndrome, with reference to the specific implementation process of the
data sequence shown in FIG. 4, refer to the descriptions when the characteristic value is a quantity
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of an all-zero syndrome in a syndrome. Details are not described herein again.

[00111] Optionally, the characteristic value may be a correctability characteristic value. After
obtaining a codeword from a data sequence through division, the receive end can determine a
status of the codeword, where the status includes a correctable state and an uncorrectable state.
When the codeword is in the correctable state, the codeword is also referred to as a correctable
codeword. When the codeword is in the uncorrectable state, the codeword is also referred to as an
uncorrectable codeword. Correctability characteristic values of a group of codewords may be
correlated with statuses of codewords in the group of codewords. Similarly, for a test data block
obtained, through division, from a data sequence received by the receive end, a status of the test
data block can also be determined, where the status includes a correctable state and an
uncorrectable state. When the test data block is in the correctable state, the test data block is also
referred to as a correctable test data block. When the test data block is in the uncorrectable state,
the test data block is also referred to as an uncorrectable test data block. Correctability
characteristic values of a group of test data blocks may be correlated with statuses of test data
blocks in the group of test data blocks.

[00112] For example, the correctability characteristic value may be a quantity of correctable
test data blocks. When the selection manner of early termination is used, the candidate condition
is correlated with the characteristic value. The candidate condition may be that a characteristic
value of a group of first test data blocks is greater than or equal to a synchronization threshold.
Specifically, a relationship between the synchronization threshold and a quantity of correctable
test data blocks in each group of first test data blocks is sequentially determined, and when it is
determined that a quantity of correctable test data blocks in a group of first test data blocks is
greater than or equal to the synchronization threshold, an observed bit corresponding to the group
of first test data blocks that meet the candidate condition is used as the candidate bit. A value of
the synchronization threshold may be alternatively obtained through simulation analysis.

[00113] When the correctability characteristic value is a quantity of correctable test data blocks
and the selection manner of early termination is used, for a process of selecting the observed bit
most likely in a synchronization position, refer to FIG. 4. The synchronization threshold may be
2. As shown in FIG. 4, a relationship between the synchronization threshold and a quantity of
correctable test data blocks in each group of first test data blocks is sequentially determined. For
example, a quantity Q of correctable test data blocks in a first group of first test data blocks is
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equal to 0, which is less than the synchronization threshold. A quantity Q of correctable test data
blocks in a second group of first test data blocks is equal to 2, which is equal to the synchronization
threshold. In this case, by is selected as the observed bit most likely in a synchronization position.
In addition, when determining proceeds to by, if it is determined that b, meets the candidate
condition, a relationship between the synchronization threshold and a quantity of correctable test
data blocks corresponding to a subsequent observed bit is no longer determined, that is, a
relationship between Qs and the synchronization threshold is no longer determined.

[00114] For example, the correctability characteristic value may be a quantity of correctable
test data blocks. When the selection manner of traversal is used, the extreme value is correlated
with the characteristic value. The extreme value may be a maximum value. Specifically, a quantity
of correctable test data blocks in each group of first test data blocks may be counted, a group of
first test data blocks with a largest quantity of correctable test data blocks are determined, and an
observed bit corresponding to the group of first test data blocks is used as the observed bit most
likely in a synchronization position.

[00115] When the correctability characteristic value is a quantity of correctable test data blocks
and the selection manner of traversal is used, for a process of selecting the observed bit most likely
in a synchronization position, still refer to FIG. 4. As shown in FIG. 4, a quantity of correctable
test data blocks in each group of first test data blocks with each of the observed bits by, b2, and b3
as a start bit is separately counted, and is denoted as Q1, Q2, and Qs respectively, and a maximum
value of the quantities is determined, for example, Q1=0, Q»=0, and Q3=2, and a maximum value
is as follows: Qs=2. In this case, bs is selected as the observed bit most likely in a synchronization
position, and a position of bz is a most likely synchronization position.

[00116] For example, the correctability characteristic value may be a quantity of uncorrectable
test data blocks. When the selection manner of early termination is used, the candidate condition
is correlated with the characteristic value. The candidate condition may be that a characteristic
value of a group of first test data blocks is less than or equal to a synchronization threshold.
Specifically, a relationship between the synchronization threshold and a quantity of uncorrectable
test data blocks in each group of first test data blocks is sequentially determined, and when it is
determined that a quantity of uncorrectable test data blocks in a group of first test data blocks is
less than or equal to the synchronization threshold, an observed bit corresponding to the group of
first test data blocks that meet the candidate condition is used as the candidate bit. A value of the
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synchronization threshold may be alternatively obtained through simulation analysis.

[00117] For example, the correctability characteristic value may be a quantity of uncorrectable
test data blocks. When the selection manner of traversal is used, the extreme value is correlated
with the characteristic value. The extreme value may be a minimum value. Specifically, a quantity
of uncorrectable test data blocks in each group of first test data blocks may be counted, a group of
first test data blocks with a smallest quantity of uncorrectable test data blocks are determined, and
an observed bit corresponding to the group of first test data blocks is used as the observed bit most
likely in a synchronization position.

[00118] Optionally, the characteristic value may be a reconstructed parity characteristic value.
The reconstructed parity characteristic value is correlated with a relationship between a
reconstructed parity bit and an original parity bit. With reference to the foregoing descriptions, in
a codeword with a length of n bits, the first k bits are information bits, and the last n-k bits are
parity bits. The parity bits of the last n—k bits are calculated according to a specific encoding rule
and based on the information bits of the first k bits. For a data sequence received by the receive
end, if a start position of a codeword in the data sequence is not found, a codeword obtained
through division no longer meets the foregoing relationship between information bits and parity
bits. That is, content that is the same as the last n—k bits in each test data block cannot be obtained
according to the same characteristic encoding rule and by using the first k bits as a basis. In each
test data block in the data sequence received by the receive end, the last n—k bits and the first k
bits may no longer meet the foregoing specific encoding rule. Therefore, the last n—k bits
recalculated according to the specific encoding rule and by using the first k bits in each test data
block in the data sequence received by the receive end as a basis may be different from the last n—
k bits in each test data block in the data sequence received by the receive end. The last n—k bits in
each test data block in the data sequence received by the receive end may be referred to as received
parity bits. The last n—k bits recalculated according to the specific encoding rule and by using the
first k bits in each test data block in the data sequence received by the receive end as a basis may
be referred to as reconstructed parity bits.

[00119] It can be learned from the foregoing analysis that the reconstructed parity bits are
different from the received parity bits when a bit error occurs in the test data block. Therefore, the
reconstructed parity bits in each test data block in the data sequence received by the receive end
may be compared with the received parity bits, to implement codeword synchronization.
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Specifically, the reconstructed parity bits in each test data block in the data sequence received by
the receive end may be compared with the received parity bits, and one observed bit is selected
from the plurality of observed bits as the observed bit most likely in a synchronization position.
[00120] Forexample, the reconstructed parity characteristic value may be a quantity of test data
blocks whose reconstructed parity bits are the same as received parity bits. When the selection
manner of early termination is used, the candidate condition is correlated with the characteristic
value. The candidate condition may be: being greater than or equal to a synchronization threshold.
Specifically, a relationship between the synchronization threshold and a quantity of test data blocks
whose reconstructed parity bits are the same as received parity bits in each group of first test data
blocks is sequentially determined, and when it is determined that a quantity of test data blocks
whose reconstructed parity bits are the same as received parity bits in a group of first test data
blocks is greater than or equal to the synchronization threshold, an observed bit corresponding to
the group of first test data blocks that meet the candidate condition is used as the candidate bit. A
value of the synchronization threshold may be alternatively obtained through simulation analysis.
[00121] When the reconstructed parity characteristic value is a quantity of test data blocks
whose reconstructed parity bits are the same as received parity bits and the selection manner of
early termination is used, for a process of selecting the observed bit most likely in a
synchronization position, refer to FIG. 4. The synchronization threshold may be 2. As shown in
FIG. 4, a relationship between the synchronization threshold and a quantity of test data blocks
whose reconstructed parity bits are the same as received parity bits in each group of first test data
blocks is sequentially determined. For example, a quantity Q: of test data blocks whose
reconstructed parity bits are the same as received parity bits in a first group of first test data blocks
is equal to 0, which is less than the synchronization threshold. A quantity Q: of test data blocks
whose reconstructed parity bits are the same as received parity bits in a second group of first test
data blocks is equal to 2, which is equal to the synchronization threshold. In this case, b2 is selected
as the observed bit most likely in a synchronization position. In addition, when determining
proceeds to by, if it is determined that b2 meets the candidate condition, a relationship between the
synchronization threshold and a quantity of test data blocks whose reconstructed parity bits are the
same as received parity bits and that correspond to a subsequent observed bit is no longer
determined, that is, a relationship between Qs and the synchronization threshold is no longer
determined.
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[00122] For example, the reconstructed parity characteristic value may be a quantity of test data
blocks whose reconstructed parity bits are the same as received parity bits. When the selection
manner of traversal is used, the extreme value is correlated with the characteristic value. The
extreme value may be a maximum value. Specifically, a quantity of test data blocks whose
reconstructed parity bits are the same as received parity bits in each group of first test data blocks
may be counted, a group of first test data blocks with a largest quantity of test data blocks whose
reconstructed parity bits are the same as received parity bits are determined, and an observed bit
corresponding to the group of first test data blocks is used as the observed bit most likely in a
synchronization position.

[00123] When the reconstructed parity characteristic value is a quantity of test data blocks
whose reconstructed parity bits are the same as received parity bits and the selection manner of
traversal is used, for a process of selecting the observed bit most likely in a synchronization
position, still refer to FIG. 4. As shown in FIG. 4, a quantity of test data blocks whose reconstructed
parity bits are the same as received parity bits in each group of first test data blocks with each of
the observed bits by, b2, and bs as a start bit is separately counted, and is denoted as Q1, Q2, and Q3
respectively, and a maximum value of the quantities is determined, for example, Q1=0, Q.=0, and
Q3=2, and a maximum value is as follows: Qsz=2. In this case, bz is selected as the observed bit
most likely in a synchronization position, and a position of bz is a most likely synchronization
position.

[00124] For example, the reconstructed parity characteristic value may be a quantity of test data
blocks whose reconstructed parity bits are different from received parity bits. When the selection
manner of early termination is used, the candidate condition is correlated with the characteristic
value. The candidate condition may be: being less than or equal to a synchronization threshold.
Specifically, a relationship between the synchronization threshold and a quantity of test data blocks
whose reconstructed parity bits are different from received parity bits in each group of first test
data blocks is sequentially determined, and when it is determined that a quantity of test data blocks
whose reconstructed parity bits are different from received parity bits in a group of first test data
blocks is less than or equal to the synchronization threshold, an observed bit corresponding to the
group of first test data blocks that meet the candidate condition is used as the candidate bit. A value
of the synchronization threshold may be alternatively obtained through simulation analysis.
[00125] For example, the reconstructed parity characteristic value may be a quantity of test data
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blocks whose reconstructed parity bits are different from received parity bits. When the selection
manner of traversal is used, the extreme value is correlated with the characteristic value. The
extreme value may be a minimum value. Specifically, a quantity of test data blocks whose
reconstructed parity bits are different from received parity bits in each group of first test data blocks
may be counted, a group of first test data blocks with a smallest quantity of test data blocks whose
reconstructed parity bits are different from received parity bits are determined, and an observed
bit corresponding to the group of first test data blocks is used as the observed bit most likely in a
synchronization position.

[00126] Optionally, synchronization possibility indexes (synchronization possibility index) of
the plurality of observed bits are respectively determined based on the characteristic values of the
plurality of groups of first test data blocks, and a larger value of the synchronization possibility
index indicates a higher possibility that a position of the observed bit is a synchronization position.
For example, when the characteristic values of the plurality of groups of first test data blocks are
a quantity of all-zero syndromes in syndromes of each of the plurality of groups of first test data
blocks, the synchronization possibility index may be positively correlated with the quantity of all-
zero syndromes. To be specific, a larger quantity of all-zero syndromes and a larger value of the
synchronization possibility index indicate a higher possibility that a position of the observed bit is
a synchronization position. For example, when the characteristic values of the plurality of groups
of first test data blocks are a quantity of non-all-zero syndromes in syndromes of each of the
plurality of groups of first test data blocks, the synchronization possibility index may be negatively
correlated with the quantity of non-all-zero syndromes. To be specific, a smaller quantity of non-
all-zero syndromes and a larger value of the synchronization possibility index indicate a higher
possibility that a position of the observed bit is a synchronization position. Likewise, when the
characteristic values of the plurality of groups of first test data blocks are a quantity of zero
elements in syndromes of each of the plurality of groups of first test data blocks, or the
characteristic values of the plurality of groups of first test data blocks are a quantity of correctable
test data blocks in each of the plurality of groups of first test data blocks, or the characteristic
values of the plurality of groups of first test data blocks are a quantity of test data blocks whose
reconstructed parity bits are the same as received parity bits in each of the plurality of groups of
first test data blocks, the synchronization possibility index may be positively correlated with the
quantity of the zero elements, the quantity of correctable test data blocks, or the quantity of test
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data blocks whose reconstructed parity bits are the same as received parity bits; or when the
characteristic values of the plurality of groups of first test data blocks are a quantity of non-zero
elements in syndromes of each of the plurality of groups of first test data blocks, or the
characteristic values of the plurality of groups of first test data blocks are a quantity of
uncorrectable test data blocks in each of the plurality of groups of first test data blocks, or the
characteristic values of the plurality of groups of first test data blocks are a quantity of test data
blocks whose reconstructed parity bits are different from received parity bits in each of the plurality
of groups of first test data blocks, the synchronization possibility index may be negatively
correlated with the quantity of the non-zero elements, the quantity of uncorrectable test data blocks,
or the quantity of test data blocks whose reconstructed parity bits are different from received parity
bits. Details are not described herein again.

[00127] Optionally, when a quantity of observed bits with a largest value of a synchronization
possibility index in the plurality of groups of first test data blocks is greater than 1, one of the
observed bits may be selected, based on another condition, as the observed bit most likely in a
synchronization position. For example, one observed bit is randomly selected from the observed
bits with the largest value of the synchronization possibility index as the observed bit most likely
in a synchronization position. For example, an observed bit ranked first in the data sequence is
selected from the observed bits with the largest value of the synchronization possibility index as
the observed bit most likely in a synchronization position.

[00128] S230: In a second stage, perform verification on the candidate bit, and when the
verification succeeds, determine that a position of the candidate bit is the synchronization position.
Specifically, S230 may include two steps: S231 and S232.

[00129] S231: Obtain a group of second test data blocks from the data sequence through
division based on the candidate bit, where the group of second test data blocks include at least one
second test data block. The candidate bit is the observed bit most likely in a synchronization
position.

[00130] Optionally, in the second stage, when at least one second test data block is obtained
from the data sequence through division based on the candidate bit in the method, only a part of
the data sequence, for example, a second subsequence in the data sequence, may be used. The
obtaining a group of second test data blocks from the data sequence through division based on the
candidate bit is obtaining a group of second test data blocks from the second subsequence through
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division based on the candidate bit.

[00131] Optionally, the second subsequence may be the same as the first subsequence in the
first stage. To be specific, all bits of the second subsequence are the same as those of the first
subsequence, and the two subsequences completely overlap. Optionally, the second subsequence
may be alternatively partially the same as the first subsequence in the first stage. To be specific,
some bits of the second subsequence are the same as those of the first subsequence, and the two
subsequences partially overlap. Optionally, the second subsequence may be alternatively different
from the first subsequence in the first stage. To be specific, all bits of the second subsequence are
different from those of the first subsequence, and the two subsequences have no intersection.
[00132] A smaller intersection between data used in the first stage and data used in the second
stage indicates higher independence between the data used in the first stage and the data used in
the second stage, and higher accuracy of a codeword synchronization result. Therefore, when the
first subsequence is different from the second subsequence, accuracy of a codeword
synchronization result is higher.

[00133] In the second stage, a group of second test data blocks are obtained from the second
subsequence through division based on the candidate bit, namely, the observed bit most likely in
a synchronization position, and the group of second test data blocks include at least one second
test data block.

[00134] The obtaining a group of second test data blocks from the second subsequence through
division based on the candidate bit may be: using the candidate bit as a start bit of the at least one
second test data block, to obtain the at least one second test data block through division.

[00135] Alternatively, the obtaining a group of second test data blocks from the second
subsequence through division based on the observed bit most likely in a synchronization position
may be: using the observed bit most likely in a synchronization position as a start bit of a test data
block, to divide the second subsequence into a plurality of test data blocks; and selecting at least
one test data block from the plurality of test data blocks as the at least one second test data block.
In this case, there are several test data blocks between the at least one second test data block and
the observed bit most likely in a synchronization position, and the at least one second test data
block may be located before or after the observed bit most likely in a synchronization position.
[00136] Optionally, the at least one second test data block may be consecutive. To be specific,
the at least one second test data block includes N consecutive data blocks. When a length of each
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test data block is n bits, Nxn consecutive bits after the observed bit are selected, to obtain the at
least one second test data block.
[00137] Optionally, the at least one second test data block may be alternatively inconsecutive,
and a start position of each of the at least one second test data block is correlated with a candidate
bit. Specifically, an interval between the start position of each test data block and the candidate bit
is an integer multiple of a length of a codeword, that is, intervals between every two test data
blocks in the at least one second test data block are integer multiples of the length of the codeword.
In addition, the intervals between every two test data blocks in the at least one second test data
block may be the same or different.
[00138] S232: Perform verification on a characteristic value of the at least one second test data
block, and when the verification succeeds, determine that the position of the candidate bit is the
synchronization position.
[00139] Optionally, verification is performed on the characteristic value of the at least one
second test data block, and a verification manner may be a verification manner of early termination.
Specifically, a characteristic value of each of the at least one second test data block is sequentially
accumulated to obtain a cumulative value; and when the cumulative value meets a synchronization
condition, the verification succeeds, and it is determined that the position of the candidate bit is
the synchronization position.
[00140] The synchronization condition is correlated with the characteristic value. Specifically,

the characteristic value is a quantity of all-zero syndromes in syndromes, and the
synchronization condition is that the cumulative value is greater than or equal to a synchronization
threshold; or

the characteristic value is a quantity of zero elements in a syndrome, and the
synchronization condition is that the cumulative value is greater than or equal to a synchronization
threshold; or

the characteristic value is a quantity of correctable test data blocks, and the
synchronization condition is that the cumulative value is greater than or equal to a synchronization
threshold; or

the characteristic value is a quantity of test data blocks whose reconstructed parity bits
are the same as received parity bits, and the synchronization condition is that the cumulative value
is greater than or equal to a synchronization threshold, where
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a value of the synchronization threshold may be alternatively obtained through
simulation analysis, and the synchronization threshold in step 230 and the synchronization
threshold in step 2222 may have a same value or different values.
[00141] Optionally, verification is performed on the characteristic value of the at least one
second test data block, and a verification manner may be a verification manner of traversal.
Specifically, characteristic values of all of the at least one second test data block are added up to
obtain a total value; and when the total value meets a synchronization condition, the verification
succeeds, and it is determined that the position of the candidate bit is the synchronization position.
[00142] The synchronization condition is correlated with the characteristic value. Specifically,

the characteristic value is a quantity of all-zero syndromes in syndromes, and the
synchronization condition is that the total value is greater than or equal to a synchronization
threshold; or

the characteristic value is a quantity of non-all-zero syndromes in syndromes, and the
synchronization condition is that the total value is less than or equal to a synchronization threshold,;
or

the characteristic value is a quantity of zero elements in a syndrome, and the
synchronization condition is that the total value is greater than or equal to a synchronization
threshold; or

the characteristic value is a quantity of non-zero elements in a syndrome, and the
synchronization condition is that the total value is less than or equal to a synchronization threshold,;
or

the characteristic value is a quantity of correctable test data blocks, and the
synchronization condition is that the total value is greater than or equal to a synchronization
threshold; or

the characteristic value is a quantity of uncorrectable test data blocks, and the
synchronization condition is that the total value is less than or equal to a synchronization threshold,;
or

the characteristic value is a quantity of test data blocks whose reconstructed parity bits
are the same as received parity bits, and the synchronization condition is that the total value is
greater than or equal to a synchronization threshold; or

the characteristic value is a quantity of test data blocks whose reconstructed parity bits
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less than or equal to a synchronization threshold, where

a value of the synchronization threshold may be alternatively obtained through
simulation analysis, and the synchronization threshold in step 230 and the synchronization
threshold in step 2222 may have a same value or different values.
[00143] Inthe verification manner of early termination and the verification manner of traversal,
characteristic values may be calculated in parallel. To be specific, a plurality of calculation units
are used to simultaneously calculate characteristic values of a plurality of test data blocks. For
example, 10 calculation units are used to simultaneously calculate characteristic values of 10 test
data blocks. In the parallel calculation manner, a calculation time can be shortened, and a latency
can be reduced.
[00144] FIG. 8Ato FIG. 9 show an example process of determining the observed bit most likely
in a synchronization position in the data sequence and verifying whether the position of the
observed bit most likely in a synchronization position is a synchronization position. A linear block
code shown in FIG. 8A and FIG. 8B is a BCH (360, 340) code. To be specific, a length of each
codeword is 360 bits, and a length of information data in each codeword is 340 bits. A modulation
scheme of the BCH (360, 340) code is a non-return-to-zero (Non-Return-to-Zero, NRZ) code, and
a modulation order M is 2. In this case, each symbol includes one bit. A parity-check matrix for

the BCH (360, 340) code is shown as follows:

359 358 a? al 1
(a2)359 (0(2)358 (a2)2 (0(2)1 1

H = (a3)359 (0{3)358 (a3)2 (0{3)1 1 ,Where
(a4)359 (0{4)358 (a4)2 (0{4)1 1

a is a primitive element of a Galois field GF (29).
[00145] FIG. 8Aand FIG. 8B show a part of the data sequence received by the receive end, and
a start position, namely, a synchronization position, of a codeword in the data sequence needs to
be determined. With reference to the foregoing descriptions, in the first stage, the observed bit
most likely in a synchronization position in the data sequence is determined. As shown in FIG. 8A
and FIG. 8B, in the first stage, a start bit of a modulated symbol is selected at an interval of T -
log,M bits as an observed bit, where T is 1, that is, a start bit of a modulated symbol is selected
at an interval of 1 bit as an observed bit. Therefore, 360 consecutive bits are selected as observed

bits, that is, a quantity P of observed bits is 360, for example, b1, b2, bs, ..., bsse, and bzso Shown in
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FIG. 8A and FIG. 8B. A plurality of groups of first test data blocks are obtained from the data
sequence through division based on the observed bits. A quantity N of test data blocks in each
group of first test data blocks is 2, that is, each group of first test data blocks include two test data
blocks, for example, a plurality of groups of B1 and B> shown in FIG. 8A and FIG. 8B.

[00146]  With reference to the foregoing descriptions, in positions of the plurality of observed
bits in the data sequence shown in FIG. 8A and FIG. 8B, only a position of one observed bit is a
real synchronization position of the data sequence. A quantity of all-zero syndromes in syndromes
of each group of first test data blocks is used as a basis for selecting the observed bit most likely
in a synchronization position. As shown in FIG. 8A and FIG. 8B, a syndrome S is a row vector
with a length of 4. For example, a syndrome set of a group of first test data blocks with an observed
bit by as a start bit is S®, including S:® and S\, corresponding to the test data blocks B1 and B2
respectively. Similarly, a syndrome set of a group of first test data blocks with each of the observed
bits by, bs, ..., base, and bseo as a start bit is S@, S@, ..., SE9 and SE respectively. A quantity of
all-zero syndromes in syndromes of each group of first test data blocks is counted, and denoted as
Q1, Q2, Qs, ..., Qss9, and Qzeo respectively. As shown in FIG. 8A and FIG. 8B, Q1=0, to be specific,
there is no all-zero syndrome in the syndromes of the group of first test data blocks with the
observed bit by as a start bit. Similarly, Q2=0, Qs=1, ..., Q359=2, and Qzs0=0. Assuming that the
value of Qssg is eventually the largest in all the 360 Q values, the observed bit bssg is used as the
observed bit most likely in a synchronization position. To be specific, the observed bit bssg is
considered as a start bit of a test data block, and a bit at an interval of every 360 bits after the
observed bit is a start bit of a subsequent test data block.

[00147]  After baso is selected as the observed bit most likely in a synchronization position, a
group of second test data blocks are obtained, through division based on bazsg, after the part of the
data sequence used in the first stage, namely, the first subsequence. That is, a group of second test
data blocks are obtained from the second subsequence through division, where the second
subsequence is different from the first subsequence. As shown in FIG. 9, the group of second test
data blocks include four test data blocks. Verification is performed on the characteristic value of
the at least one second test data block, where the characteristic value is a quantity of all-zero
syndromes in syndromes of the at least one second test data block. The verification manner of
traversal is used. To be specific, a total quantity of all-zero syndromes in syndromes of all of the
at least one second test data block is calculated to obtain a total value; and when the total value is
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greater than or equal to a synchronization threshold, the verification succeeds, where the
synchronization threshold is 2. As shown in FIG. 9, in syndromes of the four test data blocks, a
quantity of all-zero syndromes is 3, which is greater than 2. Therefore, it is determined that a
position of bzsg is the synchronization position.

[00148] Optionally, when the verification fails, step S220 is performed again. To be specific,
the first stage is performed again, and the observed bit most likely in a synchronization position is
re-selected.

[00149] Step S230 is an optional step, in other words, the method may include only the first
stage. In this case, step S240 is directly performed after step S220. In this case, in the method, after
the candidate bit is determined, the position of the candidate bit is directly determined as the
synchronization position. That is, the most likely synchronization position is directly used as the
synchronization position.

[00150] S240: Determine that the data sequence is in a synchronization lock state.

[00151] After determining the synchronization position, the receive end may divide the received
data sequence into a plurality of synchronization codewords based on the synchronization position.
When the data sequence is divided into a plurality of synchronization codewords based on the
synchronization position, it may be considered that the data sequence is in the synchronization
lock state. That is, after the synchronization position is determined, the receive end determines that
the data sequence is in the synchronization lock state. When the data sequence is in the
synchronization lock state, the receive end may perform operations such as error detection and
error correction on the data sequence.

[00152] S250: Perform out-of-lock determining.

[00153] After the receive end starts to perform operations such as error detection and error
correction on the data sequence, the receive end still needs to continuously observe whether
codeword division in the data sequence is accurate, that is, whether the synchronization position
is accurate. When the synchronization position is inaccurate, content of each test data block
obtained through division based on the synchronization position no longer corresponds to a real
codeword. This case may also be referred to as that the synchronization lock state of the data
sequence is lost. Therefore, a process of determining whether the synchronization position of the
data sequence is accurate may also be referred to as an out-of-lock determining process.

[00154] In the out-of-lock determining process, a plurality of synchronization codewords are
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obtained from the data sequence through division based on the synchronization position, where
the synchronization position is a start position of the plurality of synchronization codewords; and
verification is performed on characteristic values of the plurality of synchronization codewords,
and when the verification fails, it is determined that the data sequence is in the out-of-lock state.
[00155] Optionally, the plurality of synchronization codewords may be consecutive, that is, the
plurality of synchronization codewords include N consecutive codewords. When a length of each
codeword is n bits, Nxn consecutive bits after the synchronization position are selected, to obtain
the plurality of synchronization codewords.
[00156] Optionally, the plurality of synchronization codewords may be alternatively
inconsecutive, and a start position of each of the plurality of synchronization codewords is
correlated with the synchronization position. Specifically, an interval between the synchronization
position and the start position of each synchronization codeword is an integer multiple of the length
of the codeword, that is, intervals between every two of the plurality of synchronization codewords
are integer multiples of the length of the codeword. In addition, the intervals between every two
of the plurality of synchronization codewords may be the same or different.
[00157] Optionally, verification is performed on characteristic values of the plurality of
synchronization codewords, and a verification manner may be a verification manner of early
termination. Specifically, a characteristic value of each of the plurality of synchronization
codewords is sequentially accumulated to obtain a cumulative value; and when the cumulative
value meets an out-of-lock condition, the verification fails, and it is determined that the position
of the candidate bit is the synchronization position.
[00158] The out-of-lock condition is correlated with the characteristic value. Specifically,

the characteristic value is a quantity of non-all-zero syndromes in syndromes, and the
out-of-lock condition is that the cumulative value is greater than or equal to a synchronization
threshold; or

the characteristic value is a quantity of non-zero elements in a syndrome, and the out-
of-lock condition is that the cumulative value is greater than or equal to a synchronization threshold,;
or

the characteristic value is a quantity of uncorrectable codewords, and the out-of-lock
condition is that the cumulative value is greater than or equal to a synchronization threshold; or

the characteristic value is a quantity of codewords whose reconstructed parity bits are
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different from received parity bits, and the out-of-lock condition is that the cumulative value is
greater than or equal to a synchronization threshold, where

the length of the codeword is n bits, the first k bits of the codeword are information bits,
the last n—k bits of the codeword are the received parity bits, the reconstructed parity bits are
obtained based on the information bits, a length of the reconstructed parity bits is n—k bits, and n
and k are integers.
[00159] A value of the synchronization threshold may be alternatively obtained through
simulation analysis. In addition, the synchronization threshold in step 250 and the synchronization
thresholds in steps 230 and 2222 may have a same value or different values.
[00160] Optionally, verification is performed on characteristic values of the plurality of
synchronization codewords, and a verification manner may be a verification manner of traversal.
Specifically, characteristic values of all of the plurality of synchronization codewords are added
up to obtain a total value; and when the total value meets an out-of-lock condition, the verification
fails, and it is determined that the position of the candidate bit is the synchronization position.
[00161] The out-of-lock condition is correlated with the characteristic value. Specifically,

the characteristic value is a quantity of all-zero syndromes in syndromes, and the out-
of-lock condition is that the total value is less than or equal to a synchronization threshold; or

the characteristic value is a quantity of non-all-zero syndromes in syndromes, and the
out-of-lock condition is that the total value is greater than or equal to a synchronization threshold;
or

the characteristic value is a quantity of zero elements in a syndrome, and the out-of-
lock condition is that the total value is less than or equal to a synchronization threshold; or

the characteristic value is a quantity of non-zero elements in a syndrome, and the out-
of-lock condition is that the total value is greater than or equal to a synchronization threshold; or

the characteristic value is a quantity of correctable codewords, and the out-of-lock
condition is that the total value is less than or equal to a synchronization threshold; or

the characteristic value is a quantity of uncorrectable codewords, and the out-of-lock
condition is that the total value is greater than or equal to a synchronization threshold; or

the characteristic value is a quantity of codewords whose reconstructed parity bits are
the same as received parity bits, and the out-of-lock condition is that the total value is less than or
equal to a synchronization threshold; or
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the characteristic value is a quantity of codewords whose reconstructed parity bits are
different from received parity bits, and the out-of-lock condition is that the total value is greater
than or equal to a synchronization threshold, where

the length of the codeword is n bits, the first k bits of the codeword are information bits,
the last n—k bits of the codeword are the received parity bits, the reconstructed parity bits are
obtained based on the information bits, a length of the reconstructed parity bits is n-k bits, and n
and k are integers.
[00162] A value of the synchronization threshold may be alternatively obtained through
simulation analysis. In addition, the synchronization threshold in step 250 and the synchronization
thresholds in steps 230 and 2222 may have a same value or different values.
[00163] Inthe verification manner of early termination and the verification manner of traversal,
characteristic values may be calculated in parallel. To be specific, a plurality of calculation units
are used to simultaneously calculate characteristic values of a plurality of test data blocks. For
example, 10 calculation units are used to simultaneously calculate characteristic values of 10 test
data blocks. In the parallel calculation manner, a calculation time can be shortened, and a latency
can be reduced.
[00164] FIG. 10 shows an example process of out-of-lock determining. As shown in FIG. 10,
five synchronization codewords are obtained from the data sequence through division based on
the synchronization position, and a quantity of correctable codewords in the synchronization
codewords is counted. For example, in a decoding state (decoding state), O indicates being
uncorrectable, and 1 indicates being correctable. In this case, in the five synchronization
codewords shown in FIG. 10, a quantity of correctable codewords is 1. If an out-of-lock threshold
is 3, the quantity of correctable codewords is less than the out-of-lock threshold, and it is
determined that the five synchronization codewords meet the out-of-lock condition, and the data
sequence is in the out-of-lock state.
[00165] Optionally, when the verification does not fail, it is determined that the synchronization
lock state of the data sequence is not lost.
[00166] Optionally, after it is determined that the synchronization lock state of the data
sequence is not lost, a plurality of synchronization codewords may be selected by continuing to
move backward at a specific interval in the data sequence, and whether the plurality of
synchronization codewords selected backward meet the out-of-lock condition is further
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determined. Optionally, the moving backward at a specific interval may be moving by one test
data block. To be specific, starting from each synchronization codeword, a plurality of
synchronization codewords after the synchronization codeword are observed to perform out-of-
lock determining.

[00167] S260: Determine that the data sequence is in the out-of-lock state.

[00168] Optionally, when it is determined that the data sequence is in the out-of-lock state, an
updated synchronization position of the data sequence is further determined. Specifically, the first
stage and the second stage are performed again, and a synchronization position determined in the
second stage performed again is used as the updated synchronization position. In this way, a
closed-loop operation of synchronization lock—out-of-lock—synchronization lock is formed,
thereby ensuring that a communication system is in a normal operating state of synchronization
lock for as much time as possible.

[00169] With this method, technical problems that additional data is added and cascading
scalability is poor in an AM synchronization solution can be resolved. In addition, no additional
data needs to be inserted into a data stream at the transmit end, and therefore no idle (Idle) code
block addition and deletion mechanism needs to be introduced into an Ethernet interface, no
corresponding logic processing unit needs to be designed, and no bandwidth needs to be reserved
in advance for an inserted AM sequence. If a level of FEC needs to be added based on original
FEC and two-level cascading FEC is used, the following technical problems can be avoided: An
original idle code block addition and deletion mechanism is not applicable to an AM sequence for
second-level FEC, and high-precision clock synchronization performance is affected by adding
the AM sequence for the second-level FEC. With this method, a technical effect of high-precision
codeword synchronization for a data stream at the receive end can be achieved, and
synchronization performance achieves high reliability.

[00170] Steps S240, S250, and S260 are all optional steps. To be specific, the method may be
used only to determine the synchronization position, without performing error detection or error
correction processing on the data sequence in the synchronization lock state, or without
determining whether the data sequence subsequently enters the out-of-lock state.

[00171] Through simulation comparison, the codeword synchronization method provided in
this application is compared with the conventional AM synchronization solution, and the codeword
synchronization method provided in this application is superior to the conventional AM
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synchronization solution in the following performance indexes: an average synchronization lock
time, an average occurrence time of mis-lock, an average occurrence time of mis-out-of-lock, and
the like. Therefore, from an overall perspective, the codeword synchronization method provided
in this application can achieve higher synchronization performance than the AM synchronization
solution.

[00172] FIG. 11 shows a codeword synchronization method according to an embodiment of this
application. The method includes the following steps.

[00173] Step 1. Receive a data sequence, where the data sequence includes a plurality of bits.
For a specific process of step 1, refer to the foregoing descriptions of step S210.

[00174] Step 2: Determine a candidate bit in the data sequence, where the candidate bit is
included in the plurality of bits. The candidate bit is an observed bit most likely in a
synchronization position. For a specific process of step 2, refer to the foregoing descriptions of
step S220.

[00175] Step 3: Determine a synchronization position based on the candidate bit, where the
synchronization position indicates a start position of a codeword.

[00176] Optionally, the determining a synchronization position based on the candidate bit may
be: after the observed bit most likely in a synchronization position is selected, further verifying
whether a position of the observed bit most likely in a synchronization position is a synchronization
position. The candidate bit is the observed bit most likely in a synchronization position. In this
case, for a specific process of step 3, refer to the foregoing descriptions of step S230. In this case,
the method includes at least S210, S220, and S230 shown in FIG. 2.

[00177] Optionally, the determining a synchronization position based on the candidate bit may
be alternatively: after the observed bit most likely in a synchronization position is selected, directly
using the observed bit most likely in a synchronization position as a synchronization position. The
candidate bit is the observed bit most likely in a synchronization position. In this case, the method
includes at least S210 and S220 shown in FIG. 2.

[00178] It can be learned that in the foregoing two manners of determining the synchronization
position based on the candidate bit, a bit in the synchronization position is included in the candidate
bit, and the candidate bit is the observed bit most likely in a synchronization position.

[00179] Optionally, after step 3, the method further includes: determining that the data sequence
is in a synchronization lock state. For a specific process, refer to the foregoing descriptions of step
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S240.
[00180] Optionally, after step 3, the method further includes: performing out-of-lock
determining. For a specific process, refer to the foregoing descriptions of step S250.
[00181] Optionally, the method may further include step 4: In response to that the data sequence
is in an out-of-lock state, determine an updated synchronization position of the data sequence. For
a specific process, refer to the foregoing descriptions of step S260.
[00182] The codeword synchronization method in this embodiment of this application is
performed by a communication device. The communication device may be any device for
performing FEC, including but not limited to a router, a switch, a server, and a terminal device.
[00183] FIG. 12 is a schematic diagram of a possible structure of a communication device
according to an embodiment of this application. As shown in FIG. 12, the communication device
1200 includes a receiving unit 1201 and a processing unit 1202. These units may perform
corresponding steps of the method shown in FIG. 2 to FIG. 11. For example,

the receiving unit 1201 is configured to receive a data sequence, where the data
sequence includes a plurality of bits; and

the processing unit 1202 is configured to: determine a candidate bit in the data sequence,
where the candidate bit is included in the plurality of bits; and determine a synchronization position
based on the candidate bit, where the synchronization position indicates a start position of a
codeword in the data sequence.
[00184] FIG. 13 is a schematic diagram of another structure of a communication device
according to an embodiment of this application. As shown in FIG. 13, the communication device
1300 includes at least one processor 1301 and at least one communication interface 1304.
Optionally, the device 1300 may further include a memory 1303.
[00185] The processor 1301 may be a central processing unit (central processing unit, CPU), a
general-purpose processor, a digital signal processor (digital signal processor, DSP), an
application-specific integrated circuit (application-specific integrated circuit, ASIC), a field
programmable gate array (field programmable gate array, FPGA) or another programmable logic
device, a transistor logic device, a hardware component, or any combination thereof. The processor
may implement or execute various logical blocks, modules, and circuits described with reference
to content disclosed in this embodiment of this application. Alternatively, the processor may be a
combination of processors implementing a computing function, for example, a combination of one
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or more microprocessors, or a combination of a DSP and a microprocessor. The processor may be
configured to determine a candidate bit in a data sequence, and determine a synchronization
position based on the candidate bit, to implement the method provided in embodiments of this
application.

[00186] Optionally, the communication bus 1302 is configured to transmit information between
the processor 1301, the communication interface 1304, and the memory 1303. The bus may be a
peripheral component interconnect (peripheral component interconnect, PCI for short) bus, an
extended industry standard architecture (extended industry standard architecture, EISA for short)
bus, or the like. The bus may be classified into an address bus, a data bus, a control bus, and the
like. For ease of representation, only one thick line is used to represent the bus in FIG. 13, but this
does not mean that there is only one bus or only one type of bus.

[00187] The memory 1303 may be a read-only memory (read-only memory, ROM) or another
type of static storage device that can store static information and instructions, or a random access
memory (random access memory, RAM) or another type of dynamic storage device that can store
information and instructions, or may be an electrically erasable programmable read-only memory
(electrically erasable programmable read-only memory, EEPROM), a compact disc read-only
memory (compact disc read-only Memory, CD-ROM) or another optical disk storage, an optical
disc storage (including a compact disc, a laser disc, an optical disc, a digital versatile disc, a Blu-
ray disc, or the like), a disk storage medium or another magnetic storage device, or any other
medium that can be used to carry or store expected program code in a form of instructions or a
data structure and that can be accessed by a computer. However, the memory 1303 is not limited
thereto. The memory 1303 may exist independently and is connected to the processor 1301 by
using the communication bus 1302. Alternatively, the memory 1303 may be integrated with the
processor 1301.

[00188] Optionally, the memory 1303 is configured to store program code or instructions for
performing solutions of this application, and the processor 1301 controls execution of the program
code or instructions. When the embodiment shown in FIG. 12 is implemented and the units
described in the embodiment of FIG. 12 are implemented by software, software or program code
required for performing functions of the units in FIG. 12 is stored in the memory 1303. The
processor 1301 is configured to execute the program code stored in the memory 1303. The program
code may include one or more software modules. Optionally, the processor 1301 may alternatively
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store program code or instructions for performing solutions of this application.

[00189] The communication interface 1304 is configured to communicate with another device
or a communication network by using any apparatus like a transceiver. The communication
network may be Ethernet, a radio access network (RAN), a wireless local area network (wireless
local area networks, WLAN), or the like. In this embodiment of this application, the
communication interface 1304 may be configured to receive a packet sent by another node on a
segment routing network, or may send a packet to another node on a segment routing network.
The communication interface 1304 may be an Ethernet (Ethernet) interface, a Fast Ethernet (Fast
Ethernet, FE) interface, a Gigabit Ethernet (Gigabit Ethernet, GE) interface, or an asynchronous
transfer mode (Asynchronous Transfer Mode, ATM) interface.

[00190] In a specific implementation, in an embodiment, the device 1300 may include a
plurality of processors, for example, the processor 1301 and a processor 1305 shown in FIG. 13.
Each of the processors may be a single-core (single-CPU) processor or a multi-core (multi-CPU)
processor. Herein, the processor may be one or more devices, circuits, and/or processing cores
configured to process data (for example, computer program instructions).

[00191] Ina specific embodiment, the processor 1301 in the network device 1300 is configured
to: receive a data sequence by using the communication interface, where the data sequence
includes a plurality of bits; determine a candidate bit in the data sequence, where the candidate bit
is included in the plurality of bits; and determine a synchronization position based on the candidate
bit, where the synchronization position indicates a start position of a codeword in the data sequence.
For a detailed processing procedure of the processor, refer to the detailed descriptions of steps
S210, S220, S230, S240, S250, and S260 in the embodiment shown in FIG. 2, steps S221 and
S222 in the embodiment shown in FIG. 3, and steps 1 to 3 shown in FIG. 11. Details are not
described herein again.

[00192] The communication interface in the network device 1300 is used for the network device
1300 to receive and send a data sequence by using a network system. For a specific process, refer
to the detailed descriptions of S210 in the embodiment shown in FIG. 2 and step 1 shown in FIG.
11. Details are not described herein again.

[00193] FIG. 14 is a schematic diagram of another structure of a communication device
according to an embodiment of this application. When the communication device is a forwarding
device on a network, for example, a router or a switch, for the communication device, refer to the
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schematic diagram of the structure of the device shown in FIG. 14. The device 1400 includes a
main control board and one or more interface boards, and the main control board is
communicatively connected to the interface boards. The main control board is also referred to as
a main processing unit (main processing unit, MPU) or a route processor card (route processor
card). The main control board is responsible for control and management of components in the
device 1400, including functions of route calculation and device management and maintenance.
The interface board is also referred to as a line processing unit (line processing unit, LPU) or a line
card (line card), and is configured to forward data. In some embodiments, the device 1400 may
further include a switching board. The switching board is communicatively connected to the main
control board and the interface board. The switching board is configured to forward data between
interface boards. The switching board may also be referred to as a switch fabric unit (switch fabric
unit, SFU). The interface board includes a central processing unit, a memory, a forwarding chip,
and a physical interface card (physical interface card, PIC). The central processing unit is
communicatively connected to the memory, a network processor, and the physical interface card.
The memory is configured to store a forwarding table. The forwarding chip is configured to
forward a received data frame based on the forwarding table stored in the memory. If a destination
address of the data frame is an address of the device 1400, the data frame is sent to the CPU for
processing. If the destination address of the data frame is not the address of the device 1400, a next
hop and an outbound interface corresponding to the destination address are found in the forwarding
table based on the destination address, and the data frame is forwarded to the outbound interface
corresponding to the destination address. The forwarding chip may be a network processor
(network processor, NP). The PIC is also referred to as a subcard, and may be mounted on the
interface board and responsible for converting an optical or electrical signal into a data frame,
checking validity of the data frame, and then forwarding the data frame to the forwarding chip for
processing. In some embodiments, the central processing unit may alternatively perform a function
of a forwarding chip. For example, software forwarding is implemented based on a general CPU,
so that no forwarding chip is required in the interface board. A communication connection between
the main control board, the interface board, and the switching board may be implemented by using
a bus. In some embodiments, the forwarding chip may be implemented by an application-specific
integrated circuit (application-specific integrated circuit, ASIC) or a field programmable gate array
(field programmable gate array, FPGA).

48



10

15

20

25

30

[00194] Logically, the device 1400 includes a control plane and a forwarding plane, where the
control plane includes a main control board and a central processing unit, and the forwarding plane
includes various components for performing forwarding, for example, a memory, a PIC, and an
NP. The control plane performs functions such as routing, generating a forwarding table,
processing signaling and protocol packets, and configuring and maintaining a status of a PE 1. The
control plane delivers the generated forwarding table to the forwarding plane. At the forwarding
plane, based on the forwarding table delivered by the control plane, the NP searches the forwarding
table and forwards a packet received by the PIC of the device 1400. The forwarding table delivered
by the control plane may be stored in the memory. In some embodiments, the control plane and
the forwarding plane may be completely separate on different devices.

[00195] In a specific embodiment, the interface board is configured to receive a data sequence,
where the data sequence includes a plurality of bits. For a specific process, refer to the detailed
descriptions of S210 in the embodiment shown in FIG. 2 and step 1 shown in FIG. 11. Details are
not described herein again. The main control board is configured to: determine a candidate bit in
the data sequence, where the candidate bit is included in the plurality of bits; and determine a
synchronization position based on the candidate bit, where the synchronization position indicates
a start position of a codeword in the data sequence. For a detailed processing procedure, refer to
the detailed descriptions of steps S210, S220, S230, S240, S250, and S260 in the embodiment
shown in FIG. 2, steps S221 and S222 in the embodiment shown in FIG. 3, and steps 1 to 3 shown
in FIG. 11. Details are not described herein again.

[00196] In a possible implementation, an inter-process communication protocol (inter-process
communication, IPC) channel is established between the main control board and the interface
board, and the main control board and the interface board communicate with each other through
the IPC channel.

[00197] Anembodiment of this application provides a chip. The chip includes a memory and a
processor. The memory is configured to store a computer program. The processor is configured to
invoke the computer program from the memory and run the computer program, to perform the
methods in the foregoing method embodiments, namely, the methods in the embodiments shown
in FIG. 2 to FIG. 11.

[00198] Optionally, the chip includes only a processor. The processor is configured to read a
computer program stored in a memory and execute the computer program. When the computer
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program is executed, the processor performs the methods in the foregoing method embodiments,
namely, the methods in the embodiments shown in FIG. 2 to FIG. 11.

[00199] Optionally, the chip may be used in an application scenario of two-level cascading FEC.
Specifically, the two-level cascading FEC includes inner-layer FEC and outer-layer FEC. The chip
provided in this embodiment of this application is used for the inner-layer FEC. The codeword
synchronization method described in this application is used for the inner-layer FEC, which is also
referred to as FEC 1. The AM synchronization solution may be used for the outer-layer FEC, which
is also referred to as FEC 2. In this case, the FEC 1 and the FEC 2 may be located on one chip or
different chips. That is, the chip provided in this embodiment of this application may include only
the FEC 1, or may include the FEC 1 and the FEC 2.

[00200] An embodiment of this application provides a network system. The network system
includes a receiving device and a sending device. The receiving device is configured to receive a
data sequence sent by the sending device. The receiving device may perform the steps in the
embodiments shown in FIG. 2 to FIG. 11.

[00201] An embodiment of this application further provides a non-transitory storage medium,
configured to store software instructions used in the foregoing embodiments. The non-transitory
storage medium includes a program used to perform the methods shown in the foregoing
embodiments. When the program is executed on a computer or a network device, the computer or
the network device is enabled to perform the methods in the foregoing method embodiments.
[00202] An embodiment of this application further provides a computer program product
including computer program instructions. When the computer program product runs on a computer,
a network node is enabled to perform the methods in the foregoing method embodiments.
[00203] It should be noted that any apparatus embodiment described above is merely an
example. The units described as separate parts may or may not be physically separate, and parts
displayed as units may or may not be physical units, may be located in one position, or may be
distributed on a plurality of network units. Some or all of the modules may be selected based on
actual requirements to achieve the objectives of the solutions of embodiments. In addition, in
accompanying drawings of embodiments of a network device or a host provided in this application,
a connection relationship between modules indicates that there is a communication connection
between the modules, and the communication connection may be specifically implemented as one
or more communication buses or signal lines. A person of ordinary skill in the art may understand
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and implement embodiments without creative efforts.

[00204] Methods or algorithm steps described in the content disclosed in this embodiment of
this application may be implemented by hardware, or may be implemented by a processor by
executing software instructions. The software instructions may include a corresponding software
module. The software module may be stored in a random access memory (random access memory,
RAM), a flash memory, a read-only memory (read-only memory, ROM), an erasable
programmable read-only memory (erasable programmable ROM, EPROM), an electrically
erasable programmable read-only memory (electrically EPROM, EEPROM), a hard disk, a
removable hard disk, a compact disc, or any other form of storage medium well-known in the art.
The storage medium is coupled to the processor, so that the processor can read information from
the storage medium. Certainly, the storage medium may be a component of the processor.
[00205] The foregoing specific implementations further describe the purpose, the technical
solutions, and the beneficial effects of this application in detail. It should be understood that the
foregoing descriptions are merely specific implementations of this application, but are not intended
to limit the protection scope of this application. Any modification, replacement, or improvement
made based on the technical solutions of this application should fall within the protection scope of
this application.

[00206] In this application, the terms "first", "second"”, and the like are used to distinguish
between same items or similar items that have a basically same usage and function. It should be
understood that "first", "second", and "n'™ do not have a dependency relationship in logic or timing,
and do not limit a quantity or an execution sequence either. It should be further understood that
although the terms first, second, and the like are used to describe various elements in the following
descriptions, these elements should not be limited by the terms. These terms are used only to
distinguish one element from another element. For example, a first image may be referred to as a
second image, and similarly, a second image may be referred to as a first image, without departing
from the scope of the various examples. Both the first image and the second image may be images,
and in some cases, may be separate and different images.

[00207] In this application, the term "at least one™ means one or more. In this application, the
term "a plurality of" means two or more. For example, a plurality of second packets mean two or
more second packets. In this specification, the terms "system" and "network" are usually used
interchangeably.
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[00208] It should be understood that the terms used in the descriptions of the various examples
in this specification are merely intended to describe specific examples, but are not intended to set
a limitation. As used in the descriptions of the various examples and in the appended claims, the
singular forms "a ("a" or "an™)" and "the" are intended to also include plural forms, unless
otherwise expressly specified in the context.

[00209] It should be understood that, the term "and/or" used in this specification indicates and
includes any or all possible combinations of one or more items in associated listed items. The term
"and/or" describes only an association relationship for describing associated objects and indicates
that three relationships may exist. For example, A and/or B may indicate the following three cases:
Only Aexists, both A and B exist, and only B exists. In addition, the character "/" in this application
generally indicates an "or" relationship between the associated objects.

[00210] It should be understood that sequence numbers of the foregoing processes do not mean
execution sequences in embodiments of this application. The execution sequences of the processes
should be determined based on functions and internal logic of the processes, and should not
constitute any limitation on implementation processes of embodiments of this application.
[00211] However, it should be understood that determining B based on A does not mean that B
is determined based on only A. B may alternatively be determined based on A and/or other
information.

[00212] It should be further understood that, when used in this specification, the term "include™
(also referred to as "includes™, "including”, "comprises”, and/or "comprising") indicates presence
of stated features, entireties, steps, operations, elements, and/or components, but does not exclude
presence or addition of one or more other features, integers, steps, operations, elements,
components, and/or groups thereof.

[00213] It should be further understood that the term "if" may be interpreted as "when" ("when"
or "upon™), "in response to determining”, or "in response to detecting". Similarly, according to the
context, the phrase "if it is determined that™ or "if (a stated condition or event) is detected" may be
interpreted as a meaning of "when it is determined that"”, "in response to determining”, "when (a
stated condition or event) is detected”, or "in response to detecting (a stated condition or event)".
[00214] It should be understood that "one embodiment”, "an embodiment”, or "a possible
implementation” mentioned throughout this specification means that a specific feature, structure,
or characteristic related to the embodiment or implementation is included in at least one
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embodiment of this application. Therefore, "in one embodiment”, "in an embodiment”, or "a
possible implementation™ appearing throughout this specification does not necessarily mean a
same embodiment. In addition, these particular features, structures, or characteristics may be

combined in one or more embodiments in any appropriate manner.
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CLAIMS

What is claimed is:

1. A codeword synchronization method, wherein the method comprises:

step 1: receiving a data sequence, wherein the data sequence comprises a plurality of bits;

step 2: determining a candidate bit in the data sequence, wherein the candidate bit is
comprised in the plurality of bits; and

step 3: determining a synchronization position based on the candidate bit, wherein the
synchronization position indicates a start position of a codeword in the data sequence.

2. The method according to claim 1, wherein step 3 comprises:

performing verification on the candidate bit, and when the verification succeeds, determining
that a position of the candidate bit is the synchronization position.

3. The method according to claim 2, wherein step 3 comprises:

obtaining at least one second test data block from the data sequence through division based
on the candidate bit, wherein the position of the candidate bit is a start position of the at least one
second test data block; and

performing verification on a characteristic value of the at least one second test data block,
and when the verification succeeds, determining that the position of the candidate bit is the
synchronization position.

4. The method according to claim 3, wherein

the performing verification on a characteristic value of the at least one second test data block
comprises:

sequentially accumulating a characteristic value of each of the at least one second test data
block to obtain a cumulative value, wherein when the cumulative value meets a synchronization
condition, the verification succeeds.

5. The method according to claim 4, wherein

the characteristic value is a quantity of second test data blocks determined as correct
codewords, and the synchronization condition is that the cumulative value is greater than or equal
to a synchronization threshold,;

the characteristic value is a quantity of all-zero syndromes in syndromes, and the

synchronization condition is that the cumulative value is greater than or equal to a synchronization
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threshold;

the characteristic value is a quantity of zero elements in a syndrome, and the synchronization
condition is that the cumulative value is greater than or equal to a synchronization threshold,;

the characteristic value is a quantity of correctable test data blocks, and the synchronization
condition is that the cumulative value is greater than or equal to a synchronization threshold; or

the characteristic value is a quantity of test data blocks whose reconstructed parity bits are
the same as received parity bits, and the synchronization condition is that the cumulative value is
greater than or equal to a synchronization threshold, wherein

a length of the test data block is n bits, the first k bits of the test data block are information
bits, the last n—k bits of the test data block are the received parity bits, the reconstructed parity bits
are obtained based on the information bits, a length of the reconstructed parity bits is n—k bits, and
n and k are integers.

6. The method according to claim 3, wherein

the performing verification on a characteristic value of the at least one second test data block
comprises:

adding up characteristic values of all of the at least one second test data block to obtain a total
value, wherein when the total value meets a synchronization condition, the verification succeeds.

7. The method according to claim 6, wherein

the characteristic value is a quantity of test data blocks that are in all the second test data
blocks and that are determined as correct codewords, and the synchronization condition is that the
cumulative value is greater than or equal to a synchronization threshold,;

the characteristic value is a quantity of test data blocks that are in all the second test data
blocks and that are determined as incorrect codewords, and the synchronization condition is that
the cumulative value is less than or equal to a synchronization threshold,;

the characteristic value is a quantity of all-zero syndromes in syndromes, and the
synchronization condition is that the total value is greater than or equal to a synchronization
threshold;

the characteristic value is a quantity of non-all-zero syndromes in syndromes, and the
synchronization condition is that the total value is less than or equal to a synchronization threshold,;

the characteristic value is a quantity of zero elements in a syndrome, and the synchronization
condition is that the total value is greater than or equal to a synchronization threshold,;
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the characteristic value is a quantity of non-zero elements in a syndrome, and the
synchronization condition is that the total value is less than or equal to a synchronization threshold,;

the characteristic value is a quantity of correctable test data blocks, and the synchronization
condition is that the total value is greater than or equal to a synchronization threshold,;

the characteristic value is a quantity of uncorrectable test data blocks, and the synchronization
condition is that the total value is less than or equal to a synchronization threshold;

the characteristic value is a quantity of test data blocks whose reconstructed parity bits are
the same as received parity bits, and the synchronization condition is that the total value is greater
than or equal to a synchronization threshold; or

the characteristic value is a quantity of test data blocks whose reconstructed parity bits are
different from received parity bits, and the synchronization condition is that the total value is less
than or equal to a synchronization threshold, wherein

a length of the test data block is n bits, the first k bits of the test data block are information
bits, the last n—k bits of the test data block are the received parity bits, the reconstructed parity bits
are obtained based on the information bits, a length of the reconstructed parity bits is n—k bits, and
n and k are integers.

8. The method according to claim 1, wherein step 3 comprises:

using a position of the candidate bit as the synchronization position.

9. The method according to claim 1, wherein step 2 comprises:

selecting a plurality of observed bits from the data sequence; and

selecting the candidate bit from the plurality of observed bits.

10. The method according to claim 9, wherein the selecting the candidate bit from the plurality
of observed bits comprises:

determining a plurality of groups of first test data blocks in the data sequence based on the
plurality of observed bits, wherein each of the plurality of groups of first test data blocks comprise
at least one first test data block, and a position of each of the plurality of observed bits is a start
position of each of the plurality of groups of first test data blocks; and

selecting one observed bit from the plurality of observed bits as the candidate bit based on
characteristic values of the plurality of groups of first test data blocks.

11. The method according to claim 10, wherein

the selecting one observed bit from the plurality of observed bits as the candidate bit based
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on characteristic values of the plurality of groups of first test data blocks comprises:

sequentially determining whether a characteristic value of each of the plurality of groups of
first test data blocks meets a candidate condition, until it is determined that a characteristic value
of a group of first test data blocks meets the candidate condition; and

using an observed bit corresponding to the group of first test data blocks that meet the
candidate condition as the candidate bit.

12. The method according to claim 11, wherein

the characteristic value of the group of first test data blocks is a total quantity of first test data
blocks that are in the group of first test data blocks and that are determined as correct codewords,
and the candidate condition is that the cumulative value is greater than or equal to a
synchronization threshold;

the characteristic value of the group of first test data blocks is a total quantity of first test data
blocks that are in the group of first test data blocks and that are determined as correct codewords,
and the candidate condition is that the cumulative value is less than or equal to a synchronization
threshold;

the characteristic value of the group of first test data blocks is a total quantity of all-zero
syndromes in syndromes of all first test data blocks in the group of first test data blocks, and the
candidate condition is that the total quantity is greater than or equal to a synchronization threshold;

the characteristic value of the group of first test data blocks is a total quantity of non-all-zero
syndromes in syndromes of all first test data blocks in the group of first test data blocks, and the
candidate condition is that the total quantity is less than or equal to a synchronization threshold,;

the characteristic value of the group of first test data blocks is a total quantity of zero elements
in syndromes of all first test data blocks in the group of first test data blocks, and the candidate
condition is that the total quantity is greater than or equal to a synchronization threshold;

the characteristic value of the group of first test data blocks is a total quantity of non-zero
elements in syndromes of all first test data blocks in the group of first test data blocks, and the
candidate condition is that the total quantity is less than or equal to a synchronization threshold,;

the characteristic value of the group of first test data blocks is a total quantity of correctable
test data blocks in all first test data blocks in the group of first test data blocks, and the candidate
condition is that the total quantity is greater than or equal to a synchronization threshold,;

the characteristic value of the group of first test data blocks is a total quantity of uncorrectable
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test data blocks in all first test data blocks in the group of first test data blocks, and the candidate
condition is that the total quantity is less than or equal to a synchronization threshold,;

the characteristic value of the group of first test data blocks is a total quantity of test data
blocks whose reconstructed parity bits are the same as received parity bits in all first test data
blocks in the group of first test data blocks, and the candidate condition is that the total quantity is
greater than or equal to a synchronization threshold;

the characteristic value of the group of first test data blocks is a total quantity of test data
blocks whose reconstructed parity bits are different from received parity bits in all first test data
blocks in the group of first test data blocks, and the candidate condition is that the total quantity is
less than or equal to a synchronization threshold;

the characteristic value of the group of first test data blocks is a cumulative quantity of all-
zero syndromes in syndromes of the first X first test data blocks in the group of first test data
blocks, and the candidate condition is that the cumulative quantity is greater than or equal to a
synchronization threshold;

the characteristic value of the group of first test data blocks is a cumulative quantity of zero
elements in syndromes of the first X first test data blocks in the group of first test data blocks, and
the candidate condition is that the cumulative quantity is greater than or equal to a synchronization
threshold,

the characteristic value of the group of first test data blocks is a cumulative quantity of
correctable test data blocks in the first X first test data blocks in the group of first test data blocks,
and the candidate condition is that the cumulative quantity is greater than or equal to a
synchronization threshold; or

the characteristic value of the group of first test data blocks is a cumulative quantity of test
data blocks whose reconstructed parity bits are the same as received parity bits in the first X first
test data blocks in the group of first test data blocks, and the candidate condition is that the
cumulative quantity is greater than or equal to a synchronization threshold, wherein

a length of the test data block is n bits, the first k bits of the test data block are information
bits, the last n—k bits of the test data block are the received parity bits, the reconstructed parity bits
are obtained based on the information bits, a length of the reconstructed parity bits is n—k bits, and
n, k, and X are integers.

13. The method according to claim 10, wherein
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the selecting one observed bit from the plurality of observed bits as the candidate bit based
on characteristic values of the plurality of groups of first test data blocks comprises:

comparing characteristic values of all of the plurality of groups of first test data blocks; and
using an observed bit corresponding to a group of first test data blocks whose characteristic value
is an extreme value as the candidate bit.

14. The method according to claim 13, wherein

the characteristic value is a quantity of first test data blocks determined as correct codewords,
and the extreme value is a maximum value;

the characteristic value is a quantity of first test data blocks determined as incorrect
codewords, and the extreme value is a minimum value;

the characteristic value is a quantity of all-zero syndromes in syndromes, and the extreme
value is @ maximum value;

the characteristic value is a quantity of non-all-zero syndromes in syndromes, and the extreme
value is a minimum value;

the characteristic value is a quantity of zero elements in a syndrome, and the extreme value
Is a maximum value;

the characteristic value is a quantity of non-zero elements in a syndrome, and the extreme
value is a minimum value;

the characteristic value is a quantity of correctable test data blocks, and the extreme value is
a maximum value;

the characteristic value is a quantity of uncorrectable test data blocks, and the extreme value
Is a minimum value;

the characteristic value is a quantity of test data blocks whose reconstructed parity bits are
the same as received parity bits, and the extreme value is a maximum value; or

the characteristic value is a quantity of test data blocks whose reconstructed parity bits are
different from received parity bits, and the extreme value is a minimum value, wherein

a length of the test data block is n bits, the first k bits of the test data block are information
bits, the last n—k bits of the test data block are the received parity bits, the reconstructed parity bits
are obtained based on the information bits, a length of the reconstructed parity bits is n—k bits, and
n and k are integers.

15. The method according to any one of claims 9 to 14, wherein
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the selecting a plurality of observed bits from the data sequence comprises:

selecting one bit from the data sequence at an interval of T bits, and using the bit as the
observed bit, wherein T is an integer greater than 0; or

selecting one bit from the data sequence at an interval of Lxn+T bits, and using the bit as the
observed bit, wherein L is a quantity of test data blocks in the interval, a length of the test data
block is n bits, and L and T are integers greater than 0.

16. The method according to any one of claims 9 to 14, wherein the data sequence is a
modulated signal, and the data sequence comprises a plurality of modulated symbols; and

the selecting a plurality of observed bits from the data sequence comprises:

selecting a start bit of a modulated symbol from the data sequence at an interval of T
modulated symbols, and using the start bit as the observed bit, wherein T is an integer greater than
0; or

selecting a start bit of a modulated symbol from the data sequence at an interval of Lxm+T
modulated symbols, and using the start bit as the observed bit, wherein L is a quantity of test data
blocks in the interval, a length of the test data block is m modulated symbols, and L and T are
integers greater than 0.

17. The method according to any one of claims 9 to 16, wherein a quantity of observed bits
is P, P is a positive integer, and a length of the codeword is P bits.

18. The method according to any one of claims 3 to 7, wherein

the determining a candidate bit in the data sequence in step 2 comprises: determining a
candidate bit in a first subsequence; and the obtaining at least one second test data block from the
data sequence through division based on the candidate bit in step 3 comprises: obtaining at least
one second test data block from a second subsequence through division based on the candidate bit,
wherein the first subsequence and the second subsequence are comprised in the data sequence, and
the second subsequence is the same as, partially the same as, or different from the first subsequence.

19. The method according to any one of claims 1 to 18, wherein after step 3, the method
further comprises:

step 4: in response to that the data sequence is in an out-of-lock state, determining an updated
synchronization position of the data sequence.

20. The method according to claim 19, wherein the determining an updated synchronization
position of the data sequence comprises:
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performing step 2 and step 3 again, and using a synchronization position determined in step
3 that is performed again as the updated synchronization position.

21. The method according to claim 19 or 20, wherein after step 3 and before step 4, the method
further comprises:

obtaining a plurality of synchronization codewords from the data sequence through division
based on the synchronization position, wherein the synchronization position is a start position of
the plurality of synchronization codewords; and

performing verification on characteristic values of the plurality of synchronization codewords,
and when the verification fails, determining that the data sequence is in the out-of-lock state.

22. The method according to claim 21, wherein

the performing verification on characteristic values of the plurality of synchronization
codewords comprises:

sequentially accumulating a characteristic value of each of the plurality of synchronization
codewords to obtain a cumulative value, wherein when the cumulative value meets an out-of-lock
condition, the verification fails.

23. The method according to claim 22, wherein

the characteristic value is a quantity of synchronization codewords that are in the plurality of
synchronization codewords and that are determined as incorrect codewords, and the out-of-lock
condition is that the cumulative value is greater than or equal to a synchronization threshold;

the characteristic value is a quantity of non-all-zero syndromes in syndromes, and the out-of-
lock condition is that the cumulative value is greater than or equal to a synchronization threshold,;

the characteristic value is a quantity of non-zero elements in a syndrome, and the out-of-lock
condition is that the cumulative value is greater than or equal to a synchronization threshold;

the characteristic value is a quantity of uncorrectable codewords, and the out-of-lock
condition is that the cumulative value is greater than or equal to a synchronization threshold; or

the characteristic value is a quantity of codewords whose reconstructed parity bits are
different from received parity bits, and the out-of-lock condition is that the cumulative value is
greater than or equal to a synchronization threshold, wherein

a length of the codeword is n bits, the first k bits of the codeword are information bits, the
last n—k bits of the codeword are the received parity bits, the reconstructed parity bits are obtained
based on the information bits, a length of the reconstructed parity bits is n—k bits, and n and k are
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integers.

24. The method according to claim 21, wherein

the performing verification on characteristic values of the plurality of synchronization
codewords comprises:

adding up characteristic values of all of the plurality of synchronization codewords to obtain
a total value, wherein when the total value meets an out-of-lock condition, the verification fails.

25. The method according to claim 24, wherein

the total value of the characteristic values is a total quantity of synchronization codewords
that are in the plurality of synchronization codewords and that are determined as incorrect
codewords, and the out-of-lock condition is that the total value is greater than or equal to a
synchronization threshold;

the total value of the characteristic values is a total quantity of synchronization codewords
that are in the plurality of synchronization codewords and that are determined as correct codewords,
and the out-of-lock condition is that the total value is less than or equal to a synchronization
threshold; the characteristic value is a quantity of all-zero syndromes in syndromes, and the out-
of-lock condition is that the total value is less than or equal to a synchronization threshold;

the characteristic value is a quantity of non-all-zero syndromes in syndromes, and the out-of-
lock condition is that the total value is greater than or equal to a synchronization threshold;

the characteristic value is a quantity of zero elements in a syndrome, and the out-of-lock
condition is that the total value is less than or equal to a synchronization threshold;

the characteristic value is a quantity of non-zero elements in a syndrome, and the out-of-lock
condition is that the total value is greater than or equal to a synchronization threshold,;

the characteristic value is a quantity of correctable codewords, and the out-of-lock condition
is that the total value is less than or equal to a synchronization threshold;

the characteristic value is a quantity of uncorrectable codewords, and the out-of-lock
condition is that the total value is greater than or equal to a synchronization threshold;

the characteristic value is a quantity of codewords whose reconstructed parity bits are the
same as received parity bits, and the out-of-lock condition is that the total value is less than or
equal to a synchronization threshold; or

the characteristic value is a quantity of codewords whose reconstructed parity bits are
different from received parity bits, and the out-of-lock condition is that the total value is greater
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than or equal to a synchronization threshold, wherein

a length of the codeword is n bits, the first k bits of the codeword are information bits, the
last n—k bits of the codeword are the received parity bits, the reconstructed parity bits are obtained
based on the information bits, a length of the reconstructed parity bits is n—k bits, and n and k are
integers.

26. The method according to any one of claims 1 to 25, wherein the data sequence is a linear
block code.

27. A communication device, wherein the communication device comprises:

a receiving unit, configured to perform step 1: receiving a data sequence, wherein the data
sequence comprises a plurality of bits; and

a processing unit, configured to perform step 2: determining a candidate bit in the data
sequence, wherein the candidate bit is comprised in the plurality of bits; and step 3: determining a
synchronization position based on the candidate bit, wherein the synchronization position indicates
a start position of a codeword in the data sequence.

28. The communication device according to claim 27, wherein

the processing unit is further configured to: perform verification on the candidate bit, and
when the verification succeeds, determine that a position of the candidate bit is the synchronization
position.

29. The communication device according to claim 28, wherein

the processing unit is further configured to: obtain at least one second test data block from
the data sequence through division based on the candidate bit, wherein the position of the candidate
bit is a start position of the at least one second test data block; and perform verification on a
characteristic value of the at least one second test data block, and when the verification succeeds,
determine that the position of the candidate bit is the synchronization position.

30. The communication device according to claim 29, wherein

the processing unit is further configured to sequentially accumulate a characteristic value of
each of the at least one second test data block to obtain a cumulative value, wherein when the
cumulative value meets a synchronization condition, the verification succeeds.

31. The communication device according to claim 30, wherein

the characteristic value is a quantity of second test data blocks determined as correct
codewords, and the synchronization condition is that the cumulative value is greater than or equal
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to a synchronization threshold,;

the characteristic value is a quantity of all-zero syndromes in syndromes, and the
synchronization condition is that the cumulative value is greater than or equal to a synchronization
threshold,

the characteristic value is a quantity of zero elements in a syndrome, and the synchronization
condition is that the cumulative value is greater than or equal to a synchronization threshold;

the characteristic value is a quantity of correctable test data blocks, and the synchronization
condition is that the cumulative value is greater than or equal to a synchronization threshold; or

the characteristic value is a quantity of test data blocks whose reconstructed parity bits are
the same as received parity bits, and the synchronization condition is that the cumulative value is
greater than or equal to a synchronization threshold, wherein

a length of the test data block is n bits, the first k bits of the test data block are information
bits, the last n—k bits of the test data block are the received parity bits, the reconstructed parity bits
are obtained based on the information bits, a length of the reconstructed parity bits is n—k bits, and
n and k are integers.

32. The communication device according to claim 29, wherein

the processing unit is further configured to add up characteristic values of all of the at least
one second test data block to obtain a total value, wherein when the total value meets a
synchronization condition, the verification succeeds.

33. The communication device according to claim 32, wherein

the characteristic value is a quantity of test data blocks that are in all the second test data
blocks and that are determined as correct codewords, and the synchronization condition is that the
cumulative value is greater than or equal to a synchronization threshold,;

the characteristic value is a quantity of test data blocks that are in all the second test data
blocks and that are determined as incorrect codewords, and the synchronization condition is that
the cumulative value is less than or equal to a synchronization threshold,;

the characteristic value is a quantity of all-zero syndromes in syndromes, and the
synchronization condition is that the total value is greater than or equal to a synchronization
threshold;

the characteristic value is a quantity of non-all-zero syndromes in syndromes, and the
synchronization condition is that the total value is less than or equal to a synchronization threshold;
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the characteristic value is a quantity of zero elements in a syndrome, and the synchronization
condition is that the total value is greater than or equal to a synchronization threshold,;

the characteristic value is a quantity of non-zero elements in a syndrome, and the
synchronization condition is that the total value is less than or equal to a synchronization threshold,;

the characteristic value is a quantity of correctable test data blocks, and the synchronization
condition is that the total value is greater than or equal to a synchronization threshold,;

the characteristic value is a quantity of uncorrectable test data blocks, and the synchronization
condition is that the total value is less than or equal to a synchronization threshold;

the characteristic value is a quantity of test data blocks whose reconstructed parity bits are
the same as received parity bits, and the synchronization condition is that the total value is greater
than or equal to a synchronization threshold; or

the characteristic value is a quantity of test data blocks whose reconstructed parity bits are
different from received parity bits, and the synchronization condition is that the total value is less
than or equal to a synchronization threshold, wherein

a length of the test data block is n bits, the first k bits of the test data block are information
bits, the last n—k bits of the test data block are the received parity bits, the reconstructed parity bits
are obtained based on the information bits, a length of the reconstructed parity bits is n—k bits, and
n and k are integers.

34. The communication device according to claim 27, wherein

the processing unit is further configured to use a position of the candidate bit as the
synchronization position.

35. The communication device according to claim 27, wherein

the processing unit is further configured to: select a plurality of observed bits from the data
sequence; and select the candidate bit from the plurality of observed bits.

36. The communication device according to claim 35, wherein

the processing unit is further configured to: determine a plurality of groups of first test data
blocks in the data sequence based on the plurality of observed bits, wherein each of the plurality
of groups of first test data blocks comprise at least one first test data block, and a position of each
of the plurality of observed bits is a start position of each of the plurality of groups of first test data
blocks; and select one observed bit from the plurality of observed bits as the candidate bit based
on characteristic values of the plurality of groups of first test data blocks.
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37. The communication device according to claim 36, wherein

the processing unit is further configured to: sequentially determine whether a characteristic
value of each of the plurality of groups of first test data blocks meets a candidate condition, until
it is determined that a characteristic value of a group of first test data blocks meets the candidate
condition; and use an observed bit corresponding to the group of first test data blocks that meet
the candidate condition as the candidate bit.

38. The communication device according to claim 37, wherein

the characteristic value of the group of first test data blocks is a total quantity of first test data
blocks that are in the group of first test data blocks and that are determined as correct codewords,
and the candidate condition is that the cumulative value is greater than or equal to a
synchronization threshold;

the characteristic value of the group of first test data blocks is a total quantity of first test data
blocks that are in the group of first test data blocks and that are determined as correct codewords,
and the candidate condition is that the cumulative value is less than or equal to a synchronization
threshold;

the characteristic value of the group of first test data blocks is a total quantity of all-zero
syndromes in syndromes of all first test data blocks in the group of first test data blocks, and the
candidate condition is that the total quantity is greater than or equal to a synchronization threshold,;

the characteristic value of the group of first test data blocks is a total quantity of non-all-zero
syndromes in syndromes of all first test data blocks in the group of first test data blocks, and the
candidate condition is that the total quantity is less than or equal to a synchronization threshold,;

the characteristic value of the group of first test data blocks is a total quantity of zero elements
in syndromes of all first test data blocks in the group of first test data blocks, and the candidate
condition is that the total quantity is greater than or equal to a synchronization threshold;

the characteristic value of the group of first test data blocks is a total quantity of non-zero
elements in syndromes of all first test data blocks in the group of first test data blocks, and the
candidate condition is that the total quantity is less than or equal to a synchronization threshold,;

the characteristic value of the group of first test data blocks is a total quantity of correctable
test data blocks in all first test data blocks in the group of first test data blocks, and the candidate
condition is that the total quantity is greater than or equal to a synchronization threshold;

the characteristic value of the group of first test data blocks is a total quantity of uncorrectable
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test data blocks in all first test data blocks in the group of first test data blocks, and the candidate
condition is that the total quantity is less than or equal to a synchronization threshold,;

the characteristic value of the group of first test data blocks is a total quantity of test data
blocks whose reconstructed parity bits are the same as received parity bits in all first test data
blocks in the group of first test data blocks, and the candidate condition is that the total quantity is
greater than or equal to a synchronization threshold;

the characteristic value of the group of first test data blocks is a total quantity of test data
blocks whose reconstructed parity bits are different from received parity bits in all first test data
blocks in the group of first test data blocks, and the candidate condition is that the total quantity is
less than or equal to a synchronization threshold;

the characteristic value of the group of first test data blocks is a cumulative quantity of all-
zero syndromes in syndromes of the first X first test data blocks in the group of first test data
blocks, and the candidate condition is that the cumulative quantity is greater than or equal to a
synchronization threshold;

the characteristic value of the group of first test data blocks is a cumulative quantity of zero
elements in syndromes of the first X first test data blocks in the group of first test data blocks, and
the candidate condition is that the cumulative quantity is greater than or equal to a synchronization
threshold,

the characteristic value of the group of first test data blocks is a cumulative quantity of
correctable test data blocks in the first X first test data blocks in the group of first test data blocks,
and the candidate condition is that the cumulative quantity is greater than or equal to a
synchronization threshold; or

the characteristic value of the group of first test data blocks is a cumulative quantity of test
data blocks whose reconstructed parity bits are the same as received parity bits in the first X first
test data blocks in the group of first test data blocks, and the candidate condition is that the
cumulative quantity is greater than or equal to a synchronization threshold, wherein

a length of the test data block is n bits, the first k bits of the test data block are information
bits, the last n—k bits of the test data block are the received parity bits, the reconstructed parity bits
are obtained based on the information bits, a length of the reconstructed parity bits is n—k bits, and
n, k, and X are integers.

39. The communication device according to claim 36, wherein
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the processing unit is further configured to: compare characteristic values of all of the
plurality of groups of first test data blocks; and use an observed bit corresponding to a group of
first test data blocks whose characteristic value is an extreme value as the candidate bit.

40. The communication device according to claim 39, wherein

the characteristic value is a quantity of first test data blocks determined as correct codewords,
and the extreme value is a maximum value;

the characteristic value is a quantity of first test data blocks determined as incorrect
codewords, and the extreme value is a minimum value;

the characteristic value is a quantity of all-zero syndromes in syndromes, and the extreme
value is a maximum value;

the characteristic value is a quantity of non-all-zero syndromes in syndromes, and the extreme
value is a minimum value;

the characteristic value is a quantity of zero elements in a syndrome, and the extreme value
Is a maximum value;

the characteristic value is a quantity of non-zero elements in a syndrome, and the extreme
value is a minimum value;

the characteristic value is a quantity of correctable test data blocks, and the extreme value is
a maximum value;

the characteristic value is a quantity of uncorrectable test data blocks, and the extreme value
Is a minimum value;

the characteristic value is a quantity of test data blocks whose reconstructed parity bits are
the same as received parity bits, and the extreme value is a maximum value; or

the characteristic value is a quantity of test data blocks whose reconstructed parity bits are
different from received parity bits, and the extreme value is a minimum value, wherein

a length of the test data block is n bits, the first k bits of the test data block are information
bits, the last n—k bits of the test data block are the received parity bits, the reconstructed parity bits
are obtained based on the information bits, a length of the reconstructed parity bits is n—k bits, and
n and k are integers.

41. The communication device according to any one of claims 35 to 40, wherein

the processing unit is further configured to: select one bit from the data sequence at an interval
of T bits, and use the bit as the observed bit, wherein T is an integer greater than O; or
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the processing unit is further configured to: select one bit from the data sequence at an interval
of Lxn+T bits, and use the bit as the observed bit, wherein L is a quantity of test data blocks in the
interval, a length of the test data block is n bits, and L and T are integers greater than 0.

42. The communication device according to any one of claims 35 to 40, wherein

the processing unit is further configured to: select a start bit of a modulated symbol from the
data sequence at an interval of T modulated symbols, and use the start bit as the observed bit,
wherein T is an integer greater than 0; or

the processing unit is further configured to: select a start bit of a modulated symbol from the
data sequence at an interval of Lxm+T modulated symbols, and use the start bit as the observed
bit, wherein L is a quantity of test data blocks in the interval, a length of the test data block is m
modulated symbols, and L and T are integers greater than 0.

43. The communication device according to any one of claims 35 to 42, wherein a quantity
of observed bits is P, P is a positive integer, and a length of the codeword is P bits.

44. The communication device according to any one of claims 29 to 33, wherein

the determining a candidate bit in the data sequence in step 2 comprises: determining a
candidate bit in a first subsequence; and the obtaining at least one second test data block from the
data sequence through division based on the candidate bit in step 3 comprises: obtaining at least
one second test data block from a second subsequence through division based on the candidate bit,
wherein the first subsequence and the second subsequence are comprised in the data sequence, and
the second subsequence is the same as, partially the same as, or different from the first subsequence.

45. The communication device according to any one of claims 27 to 44, wherein

the processing unit is further configured to perform step 4: in response to that the data
sequence is in an out-of-lock state, determining an updated synchronization position of the data
sequence.

46. The communication device according to claim 45, wherein

the processing unit is further configured to: perform step 2 and step 3 again, and use a
synchronization position determined in step 3 that is performed again as the updated
synchronization position.

47. The communication device according to claim 45 or 46, wherein

the processing unit is further configured to: obtain a plurality of synchronization codewords
from the data sequence through division based on the synchronization position, wherein the
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synchronization position is a start position of the plurality of synchronization codewords; and
perform verification on characteristic values of the plurality of synchronization codewords, and
when the verification fails, determine that the data sequence is in the out-of-lock state.

48. The communication device according to claim 47, wherein

the processing unit is further configured to sequentially accumulate a characteristic value of
each of the plurality of synchronization codewords to obtain a cumulative value, wherein when
the cumulative value meets an out-of-lock condition, the verification fails.

49. The communication device according to claim 48, wherein

the cumulative value of the characteristic values is a total quantity of synchronization
codewords that are in the plurality of synchronization codewords and that are determined as
incorrect codewords, and the out-of-lock condition is that the cumulative value is greater than or
equal to a synchronization threshold;

the characteristic value is a quantity of non-all-zero syndromes in syndromes, and the out-of-
lock condition is that the cumulative value is greater than or equal to a synchronization threshold;

the characteristic value is a quantity of non-zero elements in a syndrome, and the out-of-lock
condition is that the cumulative value is greater than or equal to a synchronization threshold;

the characteristic value is a quantity of uncorrectable codewords, and the out-of-lock
condition is that the cumulative value is greater than or equal to a synchronization threshold; or

the characteristic value is a quantity of codewords whose reconstructed parity bits are
different from received parity bits, and the out-of-lock condition is that the cumulative value is
greater than or equal to a synchronization threshold, wherein

a length of the codeword is n bits, the first k bits of the codeword are information bits, the
last n—k bits of the codeword are the received parity bits, the reconstructed parity bits are obtained
based on the information bits, a length of the reconstructed parity bits is n—k bits, and n and k are
integers.

50. The communication device according to claim 47, wherein

the processing unit is further configured to add up characteristic values of all of the plurality
of synchronization codewords to obtain a total value, wherein when the total value meets an out-
of-lock condition, the verification fails.

51. The communication device according to claim 50, wherein

the total value of the characteristic values is a total quantity of synchronization codewords
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that are in the plurality of synchronization codewords and that are determined as correct codewords,
and the out-of-lock condition is that the total value is less than or equal to a synchronization
threshold;

the total value of the characteristic values is a total quantity of synchronization codewords
that are in the plurality of synchronization codewords and that are determined as incorrect
codewords, and the out-of-lock condition is that the total value is greater than or equal to a
synchronization threshold;

the characteristic value is a quantity of all-zero syndromes in syndromes, and the out-of-lock
condition is that the total value is less than or equal to a synchronization threshold;

the characteristic value is a quantity of non-all-zero syndromes in syndromes, and the out-of-
lock condition is that the total value is greater than or equal to a synchronization threshold,;

the characteristic value is a quantity of zero elements in a syndrome, and the out-of-lock
condition is that the total value is less than or equal to a synchronization threshold;

the characteristic value is a quantity of non-zero elements in a syndrome, and the out-of-lock
condition is that the total value is greater than or equal to a synchronization threshold,;

the characteristic value is a quantity of correctable codewords, and the out-of-lock condition
is that the total value is less than or equal to a synchronization threshold;

the characteristic value is a quantity of uncorrectable codewords, and the out-of-lock
condition is that the total value is greater than or equal to a synchronization threshold,;

the characteristic value is a quantity of codewords whose reconstructed parity bits are the
same as received parity bits, and the out-of-lock condition is that the total value is less than or
equal to a synchronization threshold; or

the characteristic value is a quantity of codewords whose reconstructed parity bits are
different from received parity bits, and the out-of-lock condition is that the total value is greater
than or equal to a synchronization threshold, wherein

a length of the codeword is n bits, the first k bits of the codeword are information bits, the
last n—k bits of the codeword are the received parity bits, the reconstructed parity bits are obtained
based on the information bits, a length of the reconstructed parity bits is n—k bits, and n and k are
integers.

52. The communication device according to any one of claims 27 to 51, wherein the data
sequence is a linear block code.
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53. A communication device, wherein the communication device comprises a processor, a
communication interface, and a memory, the memory may be configured to store program code,
and the processor is configured to invoke the program code from the memory to perform the
method according to any one of claims 1 to 26.

54. A chip, wherein the chip comprises a memory and a processor, the memory is configured
to store a computer program, and the processor is configured to invoke the computer program from
the memory and run the computer program, to perform the method according to any one of claims
1 to 26.

55. A computer-readable storage medium, wherein the computer-readable storage medium
stores a computer program; and when the computer program is run on a processor, the method
according to any one of claims 1 to 26 is implemented.

56. A network system, wherein the network system comprises a sending device and a
receiving device, and the receiving device is the communication device according to any one of

claims 27 to 53.
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