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DATA PROCESSING METHOD AND DATA PROCESSING
APPARATUS

[0001] This application claims priorities to Chinese Patent Application No. 202210109956.X,
filed with the China National Intellectual Property Administration on January 28, 2022 and entitled
"DATA PROCESSING METHOD AND DATA PROCESSING APPARATUS"; to Chinese Patent
Application No. 202210290887.7, filed with the China National Intellectual Property
Administration on March 23, 2022 and entitled "DATA PROCESSING METHOD AND DATA
PROCESSING APPARATUS"; to Chinese Patent Application No. 202211065772.4, filed with the
China National Intellectual Property Administration on September 1, 2022 and entitled "DATA
PROCESSING METHOD AND DATA PROCESSING APPARATUS"; to Chinese Patent
Application No. 202211305113.3, filed with the China National Intellectual Property
Administration on October 24, 2022 and entitled "DATA PROCESSING METHOD AND DATA
PROCESSING APPARATUS"; and to Chinese Patent Application No. 202211448533.7, filed with
the China National Intellectual Property Administration on November 18, 2022 and entitled
"DATA PROCESSING METHOD AND DATA PROCESSING APPARATUS", which are

incorporated herein by reference in their entireties.

TECHNICAL FIELD

[0002] This application relates to the communication field, and in particular, to a data
processing method and a data processing apparatus.

BACKGROUND

[0003] With the continuous promotion of 5G, cloud computing, big data, artificial intelligence,
and the like, an optical communication system and an optical transport network (optical transport
network, OTN) are evolving in the direction that features a large capacity and an ultra-high speed.
Forward error correction (forward error correction, FEC) encoding is used to correct transmitted
data, and resolve transmission bit errors to restore, from received data, original data sent by a
transmitter.

[0004] Currently, a concatenated FEC transmission solution is proposed. In the solution, a

transmitter device is connected to a transmitter processing module through an attachment unit
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interface (attachment unit interface, AUI). The transmitter device performs first FEC encoding on
to-be-transmitted data, and sends data obtained through the first FEC encoding to the transmitter
processing module. The transmitter processing module performs second FEC encoding on the data
obtained through the first FEC encoding, and transmits, through a channel to a data receiver, data
obtained through the second FEC encoding. Specifically, the transmitter processing module
receives a plurality of data streams, first separately performs convolutional interleaving on the
plurality of data streams, and then performs the second FEC encoding on each data stream obtained
through the convolutional interleaving. It should be understood that, to improve performance, one
data stream participating in the second FEC encoding is to be from a plurality of codewords
obtained through the first FEC encoding. However, this needs to be implemented by using
convolutional interleaving with a long latency, but application effects are not ideal in scenarios

requiring a low latency.

SUMMARY

[0005] Embodiments of this application provide a data processing method and a data
processing apparatus. Better performance of a concatenated FEC solution can be obtained in a
scenario with a low latency.

[0006] According to a first aspect, this application provides a data processing method. The
method includes the following steps. First, convolutional interleaving is separately performed on
n lane data streams to obtain n first data streams, where n is an integer greater than 1, and first
FEC encoding is performed on all the n lane data streams. Every a codewords obtained through
the first FEC encoding are distributed in b lane data streams, where a<b<n, n can be exactly divided
by b, and a is an integer greater than or equal to 1. z consecutive symbols in each of the first data
streams are from z different codewords, and z is an integer greater than 1. Then, every K first data
streams of the n first data streams are multiplexed to obtain one second data stream, so as to obtain
a total of m second data streams. The n first data streams include G first data stream subsets,
symbols in different first data stream subsets are from different codewords, m=n/K, K is an integer
greater than 1, and G is an integer greater than 1. y consecutive symbols in each second data stream
are from y different codewords, where y>z. If K<G, the K first data streams are respectively from
K first data stream subsets. If K>G, the K first data streams include K/G first data streams that are
in each first data stream subset.

[0007] In this implementation, all the n lane data streams are outer-code encoded codeword
streams. Convolutional interleaving is separately performed on the n data streams, data stream

multiplexing is performed on n data streams obtained through the convolutional interleaving, to
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obtain m second data streams, and then inner-code encoding is performed. According to the data
interleaving and multiplexing processing solution provided in this application, the following case
can be implemented with a short latency: A plurality of symbols consecutively output from m
multiplexed data streams are from a plurality of different outer-code codewords, so that a
concatenated FEC solution helps reduce the data interleaving latency while ensuring good
performance. In other words, in this application, the solution of the combination of convolutional
interleaving and data multiplexing can reduce the overall latency of the concatenated FEC solution,
and is more applicable to scenarios requiring a low latency.

[0008] In some possible implementations, performing convolutional interleaving on one lane
data stream to obtain one first data stream includes: delaying one lane data stream based on p delay
lines to obtain one first data stream, where p is an integer greater than 1, and a quantity of storage
units included in each delay line is different. A delay line with a smallest quantity of storage units
includes 0 storage units, a difference between quantities of storage units of every two adjacent
delay lines is Q, each storage unit is configured to store d symbols, and z=p*d. Symbols in each
lane data stream are sequentially input to the p delay lines based on sequence numbers of the p
delay lines, d symbols are input to each delay line for a single time and d symbols are output from
the delay line for a single time, and p*d consecutive symbols in the first data stream include the d
symbols output from the delay line. Q is an integer greater than or equal to 1, and d is an integer
greater than or equal to 1. In this implementation, a specific implementation of convolutional
interleaving is provided, thereby improving practicability of this solution.

[0009] In some possible implementations, a delay line with a largest sequence number in the
p delay lines includes O storage units. d(p * Q + 1) > a * N/b, d<a, and N is a length of the
codeword, so that z consecutive symbols in each first data stream can be from z different
codewords.

[0010] In some possible implementations, a delay line with a smallest sequence number in the
p delay lines includes O storage units. d(p *Q —1) > a* N/b, d<a, and N is a length of the
codeword, so that z consecutive symbols in each first data stream can be from z different
codewords.

[0011] In some possible implementations, if K<G, y=K*z; or if K>G, y=G*z. Such a
multiplexing manner is used to ensure that y>z can be implemented in a plurality of different
application scenarios, and better performance of the concatenated FEC solution can be
implemented with a low latency.

[0012] In some possible implementations, each second data stream includes a plurality of
second data stream symbol subsets, each second data stream symbol subset includes K groups of

symbols, and each group of symbols includes A symbols. Two adjacent groups of symbols in each
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second data stream symbol subset are from different first data stream subsets. If K<G, A is a
divisor of z; or if K>G, A= z.

[0013] In this implementation, because two adjacent groups of symbols in each second data
stream symbol subset are from different first data stream subsets, y consecutive symbols in the
second data stream obtained through the multiplexing are from y different codewords, where y>z
(y=K*z or y=G*z). It should be understood that, when only convolutional interleaving is
performed, to implement a case in which the y consecutive symbols in the output data stream are
from y different codewords, a long latency is required. In this solution, while duration of the
convolutional interleaving is reduced, equivalent performance can still be achieved by combining
the convolutional interleaving and the multiplexing. In addition, duration of the multiplexing is
short, and equivalent performance can be achieved with a shorter latency by combining the
convolutional interleaving and the multiplexing.

[0014] In some possible implementations, a j group of symbols in each of the second data
stream symbol subsets is from a j™ first data stream of the K first data streams participating in the
multiplexing, and 0<j<K-1. In the foregoing manner, a rule for selecting the K first data streams
participating in the multiplexing is provided, to ensure that two adjacent groups of symbols in each
second data stream symbol subset are from different first data stream subsets.

[0015] In some possible implementations, if K>G, two adjacent first data streams of the K first
data streams participating in the multiplexing are from different first data stream subsets. In the
foregoing manner, in the scenario in which K>G, the rule for selecting the K first data streams
participating in the multiplexing is provided, to ensure that y=G*z.

[0016] In some possible implementations, if K>G, every G consecutive first data streams
participating in the multiplexing are from different first data stream subsets. In the foregoing
manner, in the scenario in which K>G, the rule for selecting the K first data streams participating
in the multiplexing is provided, to further ensure that y=G*z.

[0017] In some possible implementations, n=32, and K=2, 4, or 8. In the foregoing manner,
several specific types of multiplexers are provided, and an application scenario of this solution is
extended.

[0018] In some possible implementations, n=32, p=2, 3, 4, 6, or 8, and d=1 or 2. In the
foregoing manner, several specific types of convolution interleavers are provided, and an
application scenario of this solution is extended.

[0019] In some possible implementations, a=1 or 2, and b=4, 8, or 16. In the foregoing manner,
several distribution manners of the lane data streams are provided, and an application scenario of
this solution is extended.

[0020] In some possible implementations, before the separately performing convolutional
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interleaving on n lane data streams to obtain n first data streams, the method further includes:
performing lane reordering on the n lane data streams, so that the n lane data streams are arranged
in a preset sequence.

[0021] In some possible implementations, before the separately performing convolutional
interleaving on n lane data streams to obtain n first data streams, the method further includes:
performing lane deskewing on the n lane data streams. In this implementation, a specific
implementation of lane data alignment is provided, thereby enhancing implementability of this
solution.

[0022] In some possible implementations, before the separately performing convolutional
interleaving on n lane data streams to obtain n first data streams, the method further includes:
aligning the n lane data streams, so that symbols in the n lane data streams are aligned. In this
implementation, another specific implementation of lane data alignment is provided, thereby
enhancing flexibility of this solution.

[0023] In some possible implementations, after the total of m second data streams are obtained,
the method further includes: separately performing second FEC encoding on the m second data
streams. A length of an information bit of the second FEC encoding is less than or equal to y
symbols.

[0024] According to a second aspect, this application provides a data processing apparatus.
The data processing apparatus includes a convolution interleaver and a multiplexer. The
convolution interleaver is configured to separately perform convolutional interleaving on n lane
data streams to obtain n first data streams, where n is an integer greater than 1, and first FEC
encoding is performed on all the n lane data streams. Every a codewords obtained through the first
FEC encoding are distributed in b lane data streams, where a<b<n, n can be exactly divided by b,
and a is an integer greater than or equal to 1. z consecutive symbols in each of the first data streams
are from z different codewords, and z is an integer greater than 1. The multiplexer is configured
to: multiplex every K first data streams of the n first data streams to obtain one second data stream,
S0 as to obtain a total of m second data streams. The n first data streams include G first data stream
subsets, symbols in different first data stream subsets are from different codewords, m=n/K, K is
an integer greater than 1, and G is an integer greater than 1. y consecutive symbols in each second
data stream are from y different codewords, where y>z. If K<G, the K first data streams are
respectively from K first data stream subsets. If K>G, the K first data streams include K/G first
data streams that are in each first data stream subset.

[0025] In some possible implementations, the convolution interleaver is specifically
configured to: delay one lane data stream based on p delay lines to obtain one first data stream,

where p is an integer greater than 1, and a quantity of storage units included in each delay line is
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different. A delay line with a smallest quantity of storage units includes 0 storage units, a difference
between quantities of storage units of every two adjacent delay lines is Q, each storage unit is
configured to store d symbols, and z=p*d. Symbols in each lane data stream are sequentially input
to the p delay lines based on sequence numbers of the p delay lines, d symbols are input to each
delay line for a single time and d symbols are output from the delay line for a single time, p*d
consecutive symbols in the first data stream include the d symbols output from the delay line, Q is
an integer greater than or equal to 1, and d is an integer greater than or equal to 1.

[0026] In some possible implementations, a delay line with a largest sequence number in the
p delay lines includes 0 storage units, d(p * Q + 1) > a * N/b, N is a length of the codeword, and
d<a.

[0027] In some possible implementations, a delay line with a smallest sequence number in the
p delay lines includes 0 storage units, d(p * Q — 1) = a = N/b, N is a length of the codeword, and
d<a.

[0028] In some possible implementations, if K<G, y=K*z; or if K>G, y=G*z.

[0029] In some possible implementations, each second data stream includes a plurality of
second data stream symbol subsets, each second data stream symbol subset includes K groups of
symbols, and each group of symbols includes A symbols. Two adjacent groups of symbols in each
second data stream symbol subset are from different first data stream subsets. If K<G, A is a
divisor of z; or if K>G, A= z.

[0030] In some possible implementations, a j group of symbols in each of the second data
stream symbol subsets is from a j™ first data stream of the K first data streams participating in the
multiplexing, and 0<<K-1.

[0031] In some possible implementations, if K>G, two adjacent first data streams of the K first
data streams participating in the multiplexing are from different first data stream subsets.

[0032] In some possible implementations, if K>G, every G consecutive first data streams
participating in the multiplexing are from different first data stream subsets.

[0033] In some possible implementations, n=32, and K=2, 4, or 8.

[0034] In some possible implementations, n=32, p=2, 3, 4, 6, or 8, and d=1 or 2.

[0035] In some possible implementations, a=1 or 2, and b=4, 8, or 16.

[0036] In some possible implementations, the data processing apparatus further includes a lane
reordering unit. Before the convolutional interleaving are separately performed on the n lane data
streams to obtain the n first data streams, the lane reordering unit is configured to: perform lane
reordering on the n lane data streams, so that the n lane data streams are arranged in a preset
sequence.

[0037] In some possible implementations, the data processing apparatus further includes a lane
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data alignment unit. Before the convolutional interleaving are separately performed on the n lane
data streams to obtain the n first data streams, the lane data alignment unit is configured to: perform
lane deskewing on the n lane data streams.

[0038] In some possible implementations, the data processing apparatus further includes a lane
data alignment unit. Before the convolutional interleaving are separately performed on the n lane
data streams to obtain the n first data streams, the lane data alignment unit is configured to: align
the n lane data streams, so that symbols in the n lane data streams are aligned.

[0039] In some possible implementations, the data processing apparatus further includes an
encoder. After the total of m second data streams are obtained, the encoder is configured to:
separately perform second FEC encoding on the m second data streams, where a length of an
information bit of the second FEC encoding is less than or equal to y symbols.

[0040] According to a third aspect, this application provides a data processing method. The
method includes the following steps: performing interleaving on n lane data streams to obtain m
target data streams, where n is a multiple of 4. First forward error correction FEC encoding is
performed on all the n lane data streams, every a codewords obtained through the first FEC
encoding are distributed in b lane data streams, a<b<n, and n can be exactly divided by b. F
consecutive symbols in each target data stream are from F different codewords, and F>a. F
consecutive symbols in each of the target data streams are from at least K1 different lane data
streams, F consecutive symbols in each of the target data streams are from at most K2 symbols in
n aligned symbols of the n lane data streams, K1 and K2 are divisors of n, and K2 is a divisor of
K1. At most K3 symbols in the F consecutive symbols in each target data stream are from a same
lane data stream, K3=[F/K1], [F/K1] represents an integer obtained by rounding up a quotient
of F/K1, any two of the K3 symbols are separated by at least K4 symbols on a same lane data
stream, K4>a*N*K2/n, and N is a length of the codeword.

[0041] In some possible implementations, K1=n/4, and K2=n/16.

[0042] In some possible implementations, the performing interleaving on n lane data streams
to obtain m target data streams includes: separately performing convolutional interleaving on the
n lane data streams to obtain n first data streams, where z consecutive symbols in each of the first
data streams are from at least e different codewords, z is an integer greater than 1, a<e<F, and
e*k2>F, and at most k1/k2 symbols in the z consecutive symbols in each of the first data streams
are from a same codeword; and performing block interleaving on every K1 first data streams of
the n first data streams to obtain S target data streams, so as to obtain a total of the m target data
streams, where S is an integer greater than or equal to 1, m=S*n/K1, S>k1/k2, the n first data
streams include K1 first data stream groups, symbols of every two first data streams in a same first

data stream group are from same codewords, and the K1 first data streams are respectively from
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the K1 first data stream groups.

[0043] In some possible implementations, performing convolutional interleaving on one lane
data stream to obtain one first data stream includes: delaying one lane data stream based on p delay
lines to obtain one first data stream, where p is an integer greater than 1, p*a>F/k2, a quantity of
storage units included in each delay line is different, a delay line with a smallest quantity of storage
units includes 0 storage units, a difference between quantities of storage units of every two adjacent
delay lines is Q, each storage unit is configured to store d symbols, and z=p*d. Symbols in each
lane data stream are sequentially input to the p delay lines based on sequence numbers of the p
delay lines, d symbols are input to each delay line for a single time and d symbols are output from
the delay line for a single time, p*d consecutive symbols in the first data stream include the d
symbols output from the delay line, Q is an integer greater than or equal to 1, d is an integer greater
than or equal to 1, and d<a.

[0044] In some possible implementations, a delay line with a largest sequence number in the
p delay lines includes O storage units, and d(p * Q + 1) = K4.

[0045] In some possible implementations, a delay line with a smallest sequence number in the
p delay lines includes 0 storage units, and d(p * Q — 1) = K4.

[0046] In some possible implementations, K first data streams participating in the block
interleaving include a first symbol matrix, the first symbol matrix includes K rows and B columns
of symbols, B=R*p*d, R is an integer greater than or equal to 1, the S target data streams obtained
through the block interleaving includes a second symbol matrix, the second symbol matrix
includes S rows and F columns of symbols, and K*B=S*F. Symbols in the first symbol matrix are
from at least F different codewords, and at most R*K1/K2 symbols in the first symbol matrix are
from a same codeword.

[0047] In some possible implementations, F symbols in each row of the second symbol matrix
are from at least [F/K2] columns in the first symbol matrix, at most K2 symbols are selected in
each of the [F/K2] columns, and [F/K2] represents an integer obtained by rounding up a
quotient of F/K2. The F symbols in each row of the second symbol matrix include at least |F/K1]
symbols in each row of the first symbol matrix, |F/K1] represents an integer obtained by
rounding down a quotient of F/K1, the F symbols in each row of the second symbol matrix include
atmost [F/K1] symbols in each row of the first symbol matrix, and [F/K1] represents an integer
obtained by rounding up a quotient of F/K.

[0048] In some possible implementations, symbols, from odd-numbered columns of the first
symbol matrix, in each row of the second symbol matrix are located in different rows of the first
symbol matrix. Symbols, from even-numbered columns of the first symbol matrix, in each row of

the second symbol matrix are located in different rows of the first symbol matrix.
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[0049] In some possible implementations, symbols that are output from delay lines with a same
delay value and that are in each row of the second symbol matrix are from different rows of the
first symbol matrix.

[0050] In some possible implementations, at most K3 symbols in each row of the second
symbol matrix are from a same row of the first symbol matrix, and any two of the K3 symbols are
respectively output from two delay lines whose delay difference is greater than or equal to 2*Q*d.
[0051] In some possible implementations, the performing interleaving on n lane data streams
to obtain m target data streams includes: performing first block interleaving on the n lane data
streams to obtain T first data streams, where C consecutive symbols in each of the first data streams
are from at least E different codewords, T=n/K1, C is a multiple of a, and E>K2*a; performing
convolutional interleaving on the T first data streams to obtain T second data streams, where H
consecutive symbols in each of the second data streams are from at least F different codewords,
F>E, and at most K1/K2 symbols in the H consecutive symbols in each of the second data streams
are from a same codeword; and performing second block interleaving on each of the T second data
streams to obtain S target data streams, so as to obtain a total of the m target data streams, where
m=T*S, and S>k1/K2.

[0052] In some possible implementations, the n lane data streams participating in the first
block interleaving include a third symbol matrix, the third symbol matrix includes n rows and A
columns of symbols, A is a multiple of a, the T first data streams obtained through the first block
interleaving include a fourth symbol matrix, the fourth symbol matrix includes T rows and C
columns of symbols, T is a divisor of n, and n*A=T*C. Every T consecutive symbols in one
column of the third symbol matrix are a symbol submatrix, and T symbols in each column of the
fourth symbol matrix are in one-to-one correspondence with each symbol submatrix in the third
symbol matrix.

[0053] In some possible implementations, symbol submatrices in the third symbol matrix are
arranged in a first sequence, a 1 row to an n" row of each column in the third symbol matrix
include a 1% symbol submatrix to an (n/T)" symbol submatrix that are arranged in the first
sequence, an (n/T)" symbol submatrix in a former column and a 1% symbol submatrix in a latter
column of two adjacent columns of the third symbol matrix are two consecutive symbol
submatrices arranged in the first sequence, T symbols in a 1% column of the fourth symbol matrix
are from a 1% symbol submatrix that is arranged in the first sequence and that is in the third symbol
matrix, and the rest can be deduced by analogy until T symbols in a C*" column in the fourth
symbol matrix are from a last symbol submatrix that is arranged in the first sequence and that is in
the third symbol matrix; or symbol submatrices in the third symbol matrix are arranged in a second

sequence, a 1t column to an A" row of every T rows in the third symbol matrix include a 1%t symbol

9



10

15

20

25

30

35

submatrix to an A" symbol submatrix that are arranged in the second sequence, an A" symbol
submatrix in former T rows and a 1%t symbol submatrix in latter T rows of two consecutive T rows
of the third symbol matrix are two consecutive symbol submatrices arranged in the second
sequence, T symbols in a 1% column of the fourth symbol matrix are from a 1% symbol submatrix
that is arranged in the second sequence and that is in the third symbol matrix, and the rest can be
deduced by analogy until T symbols in a C*" column in the fourth symbol matrix are from a last
symbol submatrix that is arranged in the second sequence and that is in the third symbol matrix.
[0054] In some possible implementations, the performing convolutional interleaving on one
first data stream to obtain one second data stream includes: delaying one first data stream based
on p delay lines to obtain one second data stream, where p is an integer greater than 1, p*E>F, a
quantity of storage units included in each delay line is different, a delay line with a smallest
quantity of storage units includes O storage units, a difference between quantities of storage units
of every two adjacent delay lines is Q, each storage unit is configured to store C symbols, p*C=H,
symbols in each first data stream are sequentially input to the p delay lines based on sequence
numbers of the p delay lines, C symbols are input to each delay line for a single time and C symbols
are output from the delay line for a single time, p*C consecutive symbols in the second data stream
include the C symbols output from the delay line, and Q is an integer greater than or equal to 1.
[0055] In some possible implementations, a delay line with a largest sequence number in the
p delay lines includes 0 storage units, and C(p * Q + 1) = K1 = K4.

[0056] In some possible implementations, a delay line with a smallest sequence number in the
p delay lines includes 0 storage units, and C(p * Q — 1) = K1 = K4.

[0057] In some possible implementations, each second data stream includes R symbol sets,
each symbol set includes p symbol subsets, each symbol subset includes C symbols, the p symbol
subsets are respectively output from the p delay lines, symbols in each symbol set are from at least
F different codewords, each target data stream includes F symbols, R*p*C=S*F, and R is an integer
greater than or equal to. The F symbols in the target data stream are from at least [F/K2 x a)]
different symbol subsets, each of the [F/(K2 *a)] different symbol subsets has at most K2 * a
symbols, and [F/(K2 = a)] represents an integer obtained by rounding up a quotient of F/(K2 =
a).

[0058] In some possible implementations, the F symbols in the target data stream include a
first group of symbols from a first symbol subset and a second group of symbols from a second
symbol subset, the first symbol subset and the second symbol subset belong to a same symbol set,
the first symbol subset and the second symbol subset are respectively output from two adjacent
delay lines, symbols in the first symbol subset and symbols in the second symbol subset are
separately sequentially arranged, and a ranking of the first group of symbols in the first symbol
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subset is different from a ranking of the second group of symbols in the second symbol subset; or
the F symbols in the target data stream include a third group of symbols from a third symbol subset
and a fourth group of symbols from a fourth symbol subset, the third symbol subset and the fourth
symbol subset belong to different symbol sets, the third symbol subset and the fourth symbol
subset are output from a same delay line, symbols in the third symbol subset and symbols in the
fourth symbol subset are separately sequentially arranged, and a ranking of the third group of
symbols in the third symbol subset is different from a ranking of the fourth group of symbols in
the fourth symbol subset.

[0059] In some possible implementations, at most [F/R] symbols in the F symbols in each
target data stream are from a same symbol set, and [F/R] represents an integer obtained by
rounding up a quotient of F/R.

[0060] In some possible implementations, after the total of the m target data streams are
obtained, the method further includes: separately performing second FEC encoding on the m target
data streams, where a length of an information bit of the second FEC encoding is equal to F
symbols.

[0061] According to a fourth aspect, this application provides a data processing apparatus, and
the data processing apparatus includes an interleaving module. The interleaving module is
configured to perform interleaving on n lane data streams to obtain m target data streams, where n
is a multiple of 4, first forward error correction FEC encoding is performed on all the n lane data
streams, every a codewords obtained through the first FEC encoding are distributed in b lane data
streams, a<b<n, and n can be exactly divided by b. F consecutive symbols in each target data
stream are from F different codewords, and F>a. F consecutive symbols in each of the target data
streams are from at least K1 different lane data streams, F consecutive symbols in each of the target
data streams are from at most K2 symbols in n aligned symbols of the n lane data streams, K1 and
K2 are divisors of n, and K2 is a divisor of K1. At most K3 symbols in the F consecutive symbols
in each target data stream are from a same lane data stream, K3=[F/K1], [F/K1] represents an
integer obtained by rounding up a quotient of F/K1, any two of the K3 symbols are separated by
at least K4 symbols on a same lane data stream, K4>a*N*K2/n, and N is a length of the codeword.
[0062] In some possible implementations, K1=n/4, and K2=n/16.

[0063] In some possible implementations, the interleaving module includes a convolution
interleaver and a block interleaver. The convolution interleaver is configured to separately perform
convolutional interleaving on the n lane data streams to obtain n first data streams, where z
consecutive symbols in each of the first data streams are from at least e different codewords, z is
an integer greater than 1, a<e<F, e*k2>F, and at most k1/k2 symbols in the z consecutive symbols

in each of the first data streams are from a same codeword. The block interleaver is configured to
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perform block interleaving on every K1 first data streams of the n first data streams to obtain S
target data streams, so as to obtain a total of the m target data streams, where S is an integer greater
than or equal to 1, m=S*n/K1, S>k1/k2, the n first data streams include K1 first data stream groups,
symbols of every two first data streams in a same first data stream group are from same codewords,
and the K1 first data streams are respectively from the K1 first data stream groups.

[0064] In some possible implementations, the convolution interleaver is specifically
configured to: delay one lane data stream based on p delay lines to obtain one first data stream,
where p is an integer greater than 1, p*a>F/k2, a quantity of storage units included in each delay
line is different, a delay line with a smallest quantity of storage units includes O storage units, a
difference between quantities of storage units of every two adjacent delay lines is Q, each storage
unit is configured to store d symbols, and z=p*d. Symbols in each lane data stream are sequentially
input to the p delay lines based on sequence numbers of the p delay lines, d symbols are input to
each delay line for a single time and d symbols are output from the delay line for a single time,
p*d consecutive symbols in the first data stream include the d symbols output from the delay line,
Q is an integer greater than or equal to 1, d is an integer greater than or equal to 1, and d<a.
[0065] In some possible implementations, a delay line with a largest sequence number in the
p delay lines includes 0 storage units, and d(p * Q + 1) > K4.

[0066] In some possible implementations, a delay line with a smallest sequence number in the
p delay lines includes O storage units, and d(p * Q — 1) = K4.

[0067] In some possible implementations, K first data streams participating in the block
interleaving include a first symbol matrix, the first symbol matrix includes K rows and B columns
of symbols, B=R*p*d, R is an integer greater than or equal to 1, the S target data streams obtained
through the block interleaving includes a second symbol matrix, the second symbol matrix
includes S rows and F columns of symbols, and K*B=S*F. Symbols in the first symbol matrix are
from at least F different codewords, and at most R*K1/K2 symbols in the first symbol matrix are
from a same codeword.

[0068] In some possible implementations, F symbols in each row of the second symbol matrix
are from at least [F/K2] columns in the first symbol matrix, at most K2 symbols are selected in
each of the [F/K2] columns, and [F/K2] represents an integer obtained by rounding up a
quotient of F/K2. The F symbols in each row of the second symbol matrix include at least |F/K1]|
symbols in each row of the first symbol matrix, |F/K1] represents an integer obtained by
rounding down a quotient of F/K1, the F symbols in each row of the second symbol matrix include
atmost [F/K1] symbolsin each row of the first symbol matrix, and [F/K1] represents an integer
obtained by rounding up a quotient of F/K.

[0069] In some possible implementations, symbols, from odd-numbered columns of the first
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symbol matrix, in each row of the second symbol matrix are located in different rows of the first
symbol matrix, and symbols, from even-numbered columns of the first symbol matrix, in each row
of the second symbol matrix are located in different rows of the first symbol matrix.

[0070] In some possible implementations, symbols that are output from delay lines with a same
delay value and that are in each row of the second symbol matrix are from different rows of the
first symbol matrix.

[0071] In some possible implementations, at most K3 symbols in each row of the second
symbol matrix are from a same row of the first symbol matrix, and any two of the K3 symbols are
respectively output from two delay lines whose delay difference is greater than or equal to 2*Q*d.
[0072] In some possible implementations, the convolutional interleaving module includes a
first block interleaver, a convolution interleaver, and a second block interleaver. The first block
interleaver is configured to perform first block interleaving on the n lane data streams to obtain T
first data streams, where C consecutive symbols in each of the first data streams are from at least
E different codewords, T=n/K1, C is a multiple of a, and E>K2*a. The convolution interleaver is
configured to perform convolutional interleaving on the T first data streams to obtain T second
data streams, where H consecutive symbols in each of the second data streams are from at least F
different codewords, F>E, and at most K1/K2 symbols in the H consecutive symbols in each of
the second data streams are from a same codeword. The second block interleaver is configured to
perform second block interleaving on each of the T second data streams to obtain S target data
streams, so as to obtain a total of the m target data streams, where m=T*S, and S>k1/K2.

[0073] In some possible implementations, the n lane data streams participating in the first
block interleaving include a third symbol matrix, the third symbol matrix includes n rows and A
columns of symbols, A is a multiple of a, the T first data streams obtained through the first block
interleaving include a fourth symbol matrix, the fourth symbol matrix includes T rows and C
columns of symbols, T is a divisor of n, and n*A=T*C. Every T consecutive symbols in one
column of the third symbol matrix are a symbol submatrix, and T symbols in each column of the
fourth symbol matrix are in one-to-one correspondence with each symbol submatrix in the third
symbol matrix.

[0074] In some possible implementations, symbol submatrices in the third symbol matrix are
arranged in a first sequence, a 1 row to an n" row of each column in the third symbol matrix
include a 1% symbol submatrix to an (n/T)" symbol submatrix that are arranged in the first
sequence, an (n/T)" symbol submatrix in a former column and a 1% symbol submatrix in a latter
column of two adjacent columns of the third symbol matrix are two consecutive symbol
submatrices arranged in the first sequence, T symbols in a 1% column of the fourth symbol matrix

are from a 1% symbol submatrix that is arranged in the first sequence and that is in the third symbol
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matrix, and the rest can be deduced by analogy until T symbols in a C*" column in the fourth
symbol matrix are from a last symbol submatrix that is arranged in the first sequence and that is in
the third symbol matrix; or symbol submatrices in the third symbol matrix are arranged in a second
sequence, a 1t column to an A" row of every T rows in the third symbol matrix include a 1%t symbol
submatrix to an A" symbol submatrix that are arranged in the second sequence, an A" symbol
submatrix in former T rows and a 1%t symbol submatrix in latter T rows of two consecutive T rows
of the third symbol matrix are two consecutive symbol submatrices arranged in the second
sequence, T symbols in a 1% column of the fourth symbol matrix are from a 1% symbol submatrix
that is arranged in the second sequence and that is in the third symbol matrix, and the rest can be
deduced by analogy until T symbols in a C*" column in the fourth symbol matrix are from a last
symbol submatrix that is arranged in the second sequence and that is in the third symbol matrix.
[0075] In some possible implementations, the convolution interleaver is specifically
configured to: delay one first data stream based on p delay lines to obtain one second data stream,
where p is an integer greater than 1, p*E>F, a quantity of storage units included in each delay line
is different, a delay line with a smallest quantity of storage units includes O storage units, a
difference between quantities of storage units of every two adjacent delay lines is Q, each storage
unit is configured to store C symbols, and p*C=H. Symbols in each first data stream are
sequentially input to the p delay lines based on sequence numbers of the p delay lines, C symbols
are input to each delay line for a single time and C symbols are output from the delay line for a
single time, p*C consecutive symbols in the second data stream include the C symbols output from
the delay line, and Q is an integer greater than or equal to 1.

[0076] In some possible implementations, a delay line with a largest sequence number in the
p delay lines includes 0 storage units, and C(p * Q + 1) = K1 = K4.

[0077] In some possible implementations, a delay line with a smallest sequence number in the
p delay lines includes 0 storage units, and C(p * Q — 1) = K1 * K4.

[0078] In some possible implementations, each second data stream includes R symbol sets,
each symbol set includes p symbol subsets, each symbol subset includes C symbols, the p symbol
subsets are respectively output from the p delay lines, symbols in each symbol set are from at least
F different codewords, each target data stream includes F symbols, R*p*C=S*F, and R is an integer
greater than or equal to. The F symbols in the target data stream are from at least [F/K2 x a)]
different symbol subsets, each of the [F/(K2 * a)] different symbol subsets has at most K2 * a
symbols, and [F/(K2 = a)] represents an integer obtained by rounding up a quotient of F/(K2 =
a).

[0079] In some possible implementations, the F symbols in the target data stream include a
first group of symbols from a first symbol subset and a second group of symbols from a second
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symbol subset, the first symbol subset and the second symbol subset belong to a same symbol set,
the first symbol subset and the second symbol subset are respectively output from two adjacent
delay lines, symbols in the first symbol subset and symbols in the second symbol subset are
separately sequentially arranged, and a ranking of the first group of symbols in the first symbol
subset is different from a ranking of the second group of symbols in the second symbol subset; or
the F symbols in the target data stream include a third group of symbols from a third symbol subset
and a fourth group of symbols from a fourth symbol subset, the third symbol subset and the fourth
symbol subset belong to different symbol sets, the third symbol subset and the fourth symbol
subset are output from a same delay line, symbols in the third symbol subset and symbols in the
fourth symbol subset are separately sequentially arranged, and a ranking of the third group of
symbols in the third symbol subset is different from a ranking of the fourth group of symbols in
the fourth symbol subset.

[0080] In some possible implementations, at most [F/R] symbols in the F symbols in each
target data stream are from a same symbol set, and [F/R] represents an integer obtained by
rounding up a quotient of F/R.

[0081] In some possible implementations, the data processing apparatus further includes an
encoder. After the total of the m target data streams are obtained, the encoder is configured to:
separately perform second FEC encoding on the m target data streams, where a length of an
information bit of the second FEC encoding is equal to F symbols.

[0082] According to a fifth aspect, this application provides a data processing method. The
method includes the following steps. First, block interleaving is performed on every t lane data
streams of n lane data streams to obtain s first data streams, so as to obtain a total of m first data
streams, where n=q*t, m=q*s, n is an integer greater than 1, n can be exactly divided by g, g is an
integer greater than or equal to 1, t is an integer greater than or equal to 1, and s is an integer greater
than or equal to 1. First forward error correction FEC encoding is performed on all the n lane data
streams, every a codewords obtained through the first FEC encoding are distributed in b lane data
streams, a<b<n, n can be exactly divided by b, and a is an integer greater than or equal to 1. Every
a consecutive symbols in each lane data stream are from a different codewords, every L1
consecutive symbols in each lane data stream are from at least a different codewords, L1=N*a/b,
and N represents a length of the codeword. The t lane data streams include a total of t*a symbols
(a consecutive symbols in each lane data stream), the t*a symbols include a total of D bits (A bits
in each symbol, and D=A*t*a), the D bits are consecutive in any one of the s first data streams,
A=M/s, and M represents a quantity of bits included in one symbol. Then, convolutional
interleaving is separately performed on the m first data streams to obtain m second data streams.
[0083] In some possible implementations, every d consecutive symbols in each first data
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stream are from v different codewords, every L2 consecutive symbols in each first data stream are
from at least v different codewords, v can be exactly divided by a, L2=t/s*L1, and d=D/M.
[0084] In some possible implementations, n=32, 16 lane data streams in odd-numbered lanes
of the n lane data streams are from same codewords, 16 lane data streams in even-numbered lanes
of the n lane data streams are from same codewords, and the data stream in the odd-numbered lane
of the n lane data streams and the data stream in the even-numbered lane of the n lane data streams
are from different codewords.

[0085] In some possible implementations, t=2, s=1, and the performing block interleaving on
every t lane data streams of n lane data streams to obtain s first data streams includes: performing
block interleaving on a (2*i)™ lane data stream and a (2*i+1)™" lane data stream to obtain one first
data stream, where 0<i<16. Two consecutive symbols in the (2*i)" lane data stream and two
consecutive symbols in the (2*i+1)" lane data stream are consecutive in the first data stream
obtained through the block interleaving, and every four consecutive symbols in the first data stream
obtained through the block interleaving are from four different codewords.

[0086] In some possible implementations, a j™ bit in 40 consecutive bits in the first data stream

obtained through the block interleaving is from a (“]EJ /2| * B + j%PB)™ bit in 20 consecutive bits

ina(2xi+ l]EJ %2)™" lane data stream, |x| represents rounding down, 0 < j < 40, and B is 1,

2,4,5, 10, or 20.

[0087] In some possible implementations, t=2, s=1, and the performing block interleaving on
every t lane data streams of n lane data streams to obtain s first data streams includes: performing
block interleaving on a (2*i)™ lane data stream and a (2*i+1)™" lane data stream to obtain one first
data stream, where 0<i<16. A j" group of consecutive B bits in the (2*i)" lane data stream and a
j'" group of consecutive B bits in the (2*i+1)"" lane data stream are consecutive in the first data
stream obtained through the block interleaving, >0, B is 1, 2, 4, 5, 10, or 20, and every four
consecutive symbols in the first data stream obtained through the block interleaving are from four
different codewords.

[0088] In some possible implementations, t=2, s=2, and the performing block interleaving on
every t lane data streams of n lane data streams to obtain s first data streams includes: performing
block interleaving on a (2*i)™" lane data stream and a (2*i+1)™ lane data stream to obtain a (2*i)"
first data stream and a (2*i+1)" first data stream, where 0<i<16. A total of 20 bits (five bits in each
of four symbols: two consecutive symbols in the (2*i)" lane data stream and two consecutive
symbols in the (2*i+1)" lane data stream) are consecutive in the (2*i)" first data stream, every 20
consecutive bits in the (2*i)™ first data stream are from four different codewords, a total of 20 bits

(the other five bits in each of the four symbols: two consecutive symbols in the (2*i)" lane data
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stream and two consecutive symbols in the (2*i+1)" lane data stream) are consecutive in the
(2*i+1)" first data stream, and every 20 consecutive bits in the (2*i+1)™ first data stream are from
four different codewords.

[0089] In some possible implementations, an f bit in 20 consecutive bits in a (2*i+g)" first

f%loj + 10 + f%5)™ bit in 20 consecutive bits in a (2 * i + L—foj)th

data stream is froma (5 x g + l .

lane data stream, 0 < f < 20,and 0 < g < 2.

[0090] In some possible implementations, an f" bit in 20 consecutive bits in a (2*i+g)" first
data stream is froma (5 g + L—fOJ * 10 + f%5)™ bit in 20 consecutive bits ina (2 * i + EJ%Z)th

lane data stream, 0 < f< 20,and 0 < g < 2.

[0091] In some possible implementations, t=4, s=1, and the performing block interleaving on
every t lane data streams of n lane data streams to obtain s first data streams includes: performing
block interleaving on a total of four lane data streams: a (4*i)" lane data stream, a (4*i+1)™ lane
data stream, a (4*i+2)" lane data stream, and a (4*i+3)™" lane data stream, to obtain one first data
stream, where 0<i<7, a total of eight symbols (two consecutive symbols included in each of the
four lane data streams) are consecutive in the first data stream obtained through the block
interleaving, every eight consecutive symbols in the first data stream obtained through the block
interleaving are from at least four different codewords, every 272 consecutive symbols are from
at least four different codewords, a 0" symbol, a 1 symbol, a 2" symbol, and a 3 symbol in
every eight consecutive symbols in the first data stream obtained through the block interleaving
are from different codewords, and a 4" symbol, a 5" symbol, a 6™ symbol, and a 7" symbol in
every eight consecutive symbols in the first data stream obtained through the block interleaving
are from different codewords.

[0092] In some possible implementations, t=4, s=1, and the performing block interleaving on
every t lane data streams of n lane data streams to obtain s first data streams includes: performing
block interleaving on a total of four lane data streams: a (4*i)" lane data stream, a (4*i+1)™ lane
data stream, a (4*i+2)™ lane data stream, and a (4*i+3)" lane data stream, to obtain one first data
stream, where 0<i<7, a total of eight symbols (a j" group of two consecutive symbols included in
each of the four lane data streams) are consecutive in the first data stream obtained through the
block interleaving, the j™ group of two consecutive symbols included in each of the four lane data
streams are consecutive in the first data stream obtained through the block interleaving, j>0, every
eight consecutive symbols in the first data stream obtained through the block interleaving are from
at least four different codewords, every 272 consecutive symbols are from at least four different
codewords, a 0™ symbol, a 1%t symbol, a 2" symbol, and a 3" symbol in every eight consecutive

symbols in the first data stream obtained through the block interleaving are from different
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codewords, and a 4™ symbol, a 5" symbol, a 6" symbol, and a 7" symbol in every eight consecutive
symbols in the first data stream obtained through the block interleaving are from different
codewords.
[0093] In some possible implementations, t=4, s=1, and the performing block interleaving on
every t lane data streams of n lane data streams to obtain s first data streams includes: performing
block interleaving on a total of four lane data streams: a (4*i)" lane data stream, a (4*i+1)™ lane
data stream, a (4*i+2)" lane data stream, and a (4*i+3)™" lane data stream, to obtain one first data
stream, where 0<i<7, a total of four symbols (a j™ symbol included in each of the four lane data
streams) are consecutive in the first data stream obtained through the block interleaving, >0, and
every four consecutive symbols in the first data stream obtained through the block interleaving are
from four different codewords.
[0094] In some possible implementations, t=8, s=1, and the performing block interleaving on
every t lane data streams of n lane data streams to obtain s first data streams includes: performing
block interleaving on a total of eight lane data streams: an (8*i)"" lane data stream, an (8*i+1)"
lane data stream, an (8*i+2)™ lane data stream, an (8*i+3)"" lane data stream, an (8*i+4)" lane data
stream, an (8*i+5)" lane data stream, an (8*i+6)" lane data stream, and an (8*i+7)" lane data
stream, to obtain one first data stream, where 0<i<3, a total of 16 symbols (two consecutive
symbols included in each of the eight lane data streams) are consecutive in the first data stream
obtained through the block interleaving, every 16 consecutive symbols in the first data stream
obtained through the block interleaving are from at least four different codewords, every 544
consecutive symbols are from at least four different codewords, a 0" symbol, a 1 symbol, a 2"
symbol, and a 3™ symbol in every 16 consecutive symbols in the first data stream obtained through
the block interleaving are from different codewords, a 4" symbol, a 5" symbol, a 6" symbol, and
a 7" symbol in every 16 consecutive symbols in the first data stream obtained through the block
interleaving are from different codewords, an 8" symbol, a 9" symbol, a 10" symbol, and an 11%"
symbol in every 16 consecutive symbols in the first data stream obtained through the block
interleaving are from different codewords, and a 12" symbol, a 13" symbol, a 14™ symbol, and a
15" symbol in every 16 consecutive symbols in the first data stream obtained through the block
interleaving are from different codewords.
[0095] In some possible implementations, t=8, s=1, and the performing block interleaving on
every t lane data streams of n lane data streams to obtain s first data streams includes:

performing block interleaving on a total of eight lane data streams: an (8*i)™" lane data
stream, an (8*i+1)™ lane data stream, an (8*i+2)" lane data stream, an (8*i+3)™ lane data stream,
an (8*i+4)" lane data stream, an (8*i+5)" lane data stream, an (8*i+6)" lane data stream, and an

(8*i+7)" lane data stream, to obtain one first data stream, where 0<i<3, a total of 16 symbols (a j"
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group of two consecutive symbols included in each of the eight lane data streams) are consecutive
in the first data stream obtained through the block interleaving, a j group of two consecutive
symbols included in each of the eight lane data streams are consecutive in the first data stream
obtained through the block interleaving, j>0, every 16 consecutive symbols in the first data stream
obtained through the block interleaving are from at least four different codewords, every 544
consecutive symbols are from at least four different codewords, a 0" symbol, a 1 symbol, a 2"
symbol, and a 3™ symbol in every 16 consecutive symbols in the first data stream obtained through
the block interleaving are from different codewords, a 4™ symbol, a 5" symbol, a 6" symbol, and
a 7" symbol in every 16 consecutive symbols in the first data stream obtained through the block
interleaving are from different codewords, an 8" symbol, a 9" symbol, a 10" symbol, and an 11"
symbol in every 16 consecutive symbols in the first data stream obtained through the block
interleaving are from different codewords, and a 12" symbol, a 13" symbol, a 14" symbol, and a
15" symbol in every 16 consecutive symbols in the first data stream obtained through the block
interleaving are from different codewords.

[0096] In some possible implementations, t=8, s=1, and the performing block interleaving on
every t lane data streams of n lane data streams to obtain s first data streams includes: performing
block interleaving on a total of eight lane data streams: an (8*i)"" lane data stream, an (8*i+1)"
lane data stream, an (8*i+2)™ lane data stream, an (8*i+3)" lane data stream, an (8*i+4)" lane data
stream, an (8*i+5)" lane data stream, an (8*i+6)" lane data stream, and an (8*i+7)" lane data
stream, to obtain one first data stream, where 0<i<3, a total of eight symbols (a j™ symbol included
in each of the eight lane data streams) are consecutive in the first data stream obtained through the
block interleaving, j>0, every eight consecutive symbols in the first data stream obtained through
the block interleaving are from four different codewords, a 0™ symbol, a 15t symbol, a 2" symbol,
and a 3" symbol in every eight consecutive symbols in the first data stream obtained through the
block interleaving are from different codewords, and a 4™ symbol, a 5" symbol, a 6™ symbol, and
a 7" symbol in every eight consecutive symbols in the first data stream obtained through the block
interleaving are from different codewords.

[0097] In some possible implementations, n=32, 16 consecutive lane data streams sorted in the
front of the n lane data streams are from same codewords, 16 consecutive lane data streams sorted
in the back of the n lane data streams are from same codewords, and the 16 consecutive lane data
streams sorted in the front of the n lane data streams and the 16 consecutive lane data streams
sorted in the back of the n lane data streams are from different codewords.

[0098] In some possible implementations, t=2, s=1, and the performing block interleaving on
every t lane data streams of n lane data streams to obtain s first data streams includes: performing
block interleaving on an i lane data stream and an (i+16)" lane data stream to obtain one first
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data stream, where 0<i<16. Two consecutive symbols in the i" lane data stream and two
consecutive symbols in the (i+16)" lane data stream are consecutive in the first data stream
obtained through the block interleaving, and every four consecutive symbols in the first data stream
obtained through the block interleaving are from four different codewords.

[0099] In some possible implementations, a j bit in 40 consecutive bits in the first data stream

obtained through the block interleaving is from a (“]EJ /2| * B + j%B)™ bit in 20 consecutive bits

ina(2x*i+ l]EJ %2)" lane data stream, [x] represents rounding down,0 < j < 40,and f is1,

2,4,5,10, or 20.

[00100] Insome possible implementations, t=2, s=1, and the performing block interleaving on
every t lane data streams of n lane data streams to obtain s first data streams includes: performing
block interleaving on an i" lane data stream and an (i+16)" lane data stream to obtain one first
data stream, where 0<i<16. A j™ group of consecutive B bits in the i lane data stream and a j"
group of consecutive B bits in the (i+16)™ lane data stream are consecutive in the first data stream
obtained through the block interleaving, >0,  is 1, 2, 4, 5, 10, or 20, and every four consecutive
symbols in the first data stream obtained through the block interleaving are from four different
codewords.

[00101] Insome possible implementations, t=2, s=2, and the performing block interleaving on
every t lane data streams of n lane data streams to obtain s first data streams includes: performing
block interleaving on an i" lane data stream and an (i+16)™ lane data stream to obtain a (2*i)™ first
data stream and a (2*i+1)™" first data stream, where 0<i<16. A total of 20 bits (five bits in each of
four symbols: two consecutive symbols in the i lane data stream and two consecutive symbols in
the (i+16)" lane data stream) are consecutive in the (2*i)" first data stream, every 20 consecutive
bits in the (2*i)" first data stream are from four different codewords, a total of 20 bits (the other
five bits in each of the four symbols: two consecutive symbols in the i lane data stream and two
consecutive symbols in the (i+16)" lane data stream) are consecutive in the (2*i+1)" first data
stream, and every 20 consecutive bits in the (2*i+1)" first data stream are from four different
codewords.

[00102] In some possible implementations, an " bit in 20 consecutive bits in a (2*i+g)™ first

%10
5

data stream is from a (5 * g + [ J * 10 + f%5)™ bit in 20 consecutive bits in a (i + 16 * L—fOJ)”‘

lane data stream, 0 < f < 20,and 0 < g < 2.

[00103] In some possible implementations, an f bit in 20 consecutive bits in a (2*i+g)™ first
data stream is from a (5 * g + L—fOJ * 10 + f%5)™ bit in 20 consecutive bits in a (i + 16 * L—foj)th

lane data stream, 0 < f < 20,and 0 < g < 2.
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[00104] Insome possible implementations, t=4, s=1, and the performing block interleaving on
every t lane data streams of n lane data streams to obtain s first data streams includes: performing
block interleaving on a total of four lane data streams: a (2*i)"" lane data stream, a (2*i+1)™ lane
data stream, a (2*i+16)" lane data stream, and a (2*i+17)" lane data stream, to obtain one first
data stream, where 0<i<7, a total of eight symbols (two consecutive symbols included in each of
the four lane data streams) are consecutive in the first data stream obtained through the block
interleaving, every eight consecutive symbols in the first data stream obtained through the block
interleaving are from at least four different codewords, every 272 consecutive symbols are from
at least four different codewords, a 0" symbol, a 1 symbol, a 2" symbol, and a 3 symbol in
every eight consecutive symbols in the first data stream obtained through the block interleaving
are from different codewords, and a 4" symbol, a 5" symbol, a 6™ symbol, and a 7" symbol in
every eight consecutive symbols in the first data stream obtained through the block interleaving
are from different codewords.

[00105] In some possible implementations, t=4, s=1, and the performing block interleaving on
every t lane data streams of n lane data streams to obtain s first data streams includes: performing
block interleaving on a total of four lane data streams: a (2*i)" lane data stream, a (2*i+1)™" lane
data stream, a (2*i+16)" lane data stream, and a (2*i+17)" lane data stream, to obtain one first
data stream, where 0<i<7, a total of eight symbols (a j"" group of two consecutive symbols included
in each of the four lane data streams) are consecutive in the first data stream obtained through the
block interleaving, the j™" group of two consecutive symbols included in each of the four lane data
streams are consecutive in the first data stream obtained through the block interleaving, j>0, every
eight consecutive symbols in the first data stream obtained through the block interleaving are from
at least four different codewords, every 272 consecutive symbols are from at least four different
codewords, a 0 symbol, a 1%t symbol, a 2" symbol, and a 3" symbol in every eight consecutive
symbols in the first data stream obtained through the block interleaving are from different
codewords, and a 4™ symbol, a 5" symbol, a 6" symbol, and a 7" symbol in every eight consecutive
symbols in the first data stream obtained through the block interleaving are from different
codewords.

[00106] In some possible implementations, t=4, s=1, and the performing block interleaving on
every t lane data streams of n lane data streams to obtain s first data streams includes: performing
block interleaving on a total of four lane data streams: a (2*i)"" lane data stream, a (2*i+1)™ lane
data stream, a (2*i+16)" lane data stream, and a (2*i+17)" lane data stream, to obtain one first
data stream, where 0<i<7, a total of four symbols (a j" symbol included in each of the four lane
data streams) are consecutive in the first data stream obtained through the block interleaving, >0,

and every four consecutive symbols in the first data stream obtained through the block interleaving
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are from four different codewords.

[00107] Insome possible implementations, t=8, s=1, and the performing block interleaving on
every t lane data streams of n lane data streams to obtain s first data streams includes: performing
block interleaving on a total of eight lane data streams: a (4*i)" lane data stream, a (4*i+1)™ lane
data stream, a (4*i+2)" lane data stream, a (4*i+3)™" lane data stream, a (4*i+16)"" lane data stream,
a (4*i+17)" lane data stream, a (4*i+18)™" lane data stream, and a (4*i+19)™ lane data stream, to
obtain one first data stream, where 0<i<3, a total of 16 symbols (two consecutive symbols included
in each of the eight lane data streams) are consecutive in the first data stream obtained through the
block interleaving, every 16 consecutive symbols in the first data stream obtained through the
block interleaving are from at least four different codewords, every 544 consecutive symbols are
from at least four different codewords, a 0™ symbol, a 1%t symbol, a 2" symbol, and a 3 symbol
in every 16 consecutive symbols in the first data stream obtained through the block interleaving
are from different codewords, a 4" symbol, a 5" symbol, a 6 symbol, and a 7" symbol in every
16 consecutive symbols in the first data stream obtained through the block interleaving are from
different codewords, an 8" symbol, a 9" symbol, a 10" symbol, and an 11" symbol in every 16
consecutive symbols in the first data stream obtained through the block interleaving are from
different codewords, and a 12%" symbol, a 13" symbol, a 14" symbol, and a 15" symbol in every
16 consecutive symbols in the first data stream obtained through the block interleaving are from
different codewords.

[00108] Insome possible implementations, t=8, s=1, and the performing block interleaving on
every t lane data streams of n lane data streams to obtain s first data streams includes: performing
block interleaving on a total of eight lane data streams: a (4*i)"" lane data stream, a (4*i+1)™ lane
data stream, a (4*i+2)" lane data stream, a (4*i+3)"" lane data stream, a (4*i+16)"" lane data stream,
a (4*i+17)" lane data stream, a (4*i+18)" lane data stream, and a (4*i+19)™ lane data stream, to
obtain one first data stream, where 0<i<3, a total of 16 symbols (a j™ group of two consecutive
symbols included in each of the eight lane data streams) are consecutive in the first data stream
obtained through the block interleaving, a j" group of two consecutive symbols included in each
of the eight lane data streams are consecutive in the first data stream obtained through the block
interleaving, >0, every 16 consecutive symbols in the first data stream obtained through the block
interleaving are from at least four different codewords, every 544 consecutive symbols are from
at least four different codewords, a 0" symbol, a 1% symbol, a 2" symbol, and a 3" symbol in
every 16 consecutive symbols in the first data stream obtained through the block interleaving are
from different codewords, a 4" symbol, a 5" symbol, a 61" symbol, and a 7" symbol in every 16
consecutive symbols in the first data stream obtained through the block interleaving are from
different codewords, an 8" symbol, a 9" symbol, a 10" symbol, and an 11" symbol in every 16

22



10

15

20

25

30

35

consecutive symbols in the first data stream obtained through the block interleaving are from
different codewords, and a 12" symbol, a 13" symbol, a 14" symbol, and a 15" symbol in every
16 consecutive symbols in the first data stream obtained through the block interleaving are from
different codewords.

[00109] Insome possible implementations, t=8, s=1, and the performing block interleaving on
every t lane data streams of n lane data streams to obtain s first data streams includes: performing
block interleaving on a total of eight lane data streams: a (4*i)" lane data stream, a (4*i+1)™ lane
data stream, a (4*i+2)" lane data stream, a (4*i+3)™" lane data stream, a (4*i+16)"" lane data stream,
a (4*i+17)" lane data stream, a (4*i+18)" lane data stream, and a (4*i+19)™ lane data stream, to
obtain one first data stream, where 0<i<3, a total of eight symbols (a j" symbol included in each
of the eight lane data streams) are consecutive in the first data stream obtained through the block
interleaving, >0, every eight consecutive symbols in the first data stream obtained through the
block interleaving are from at least four different codewords, a 0" symbol, a 1 symbol, a 2"
symbol, and a 3™ symbol in every eight consecutive symbols in the first data stream obtained
through the block interleaving are from different codewords, and a 4™ symbol, a 5™ symbol, a 6"
symbol, and a 7" symbol in every eight consecutive symbols in the first data stream obtained
through the block interleaving are from different codewords.

[00110] In some possible implementations, the performing convolutional interleaving on one
first data stream to obtain one second data stream includes: delaying one first data stream based
on p delay lines to obtain one second data stream, where p is an integer greater than 1, a quantity
of storage units included in each delay line is different, a delay line with a smallest quantity of
storage units includes 0 storage units, a difference between quantities of storage units of every two
adjacent delay lines is Q, each storage unit is configured to store d symbols, symbols in each lane
data stream are sequentially input to the p delay lines based on sequence numbers of the p delay
lines, d symbols are input to each delay line for a single time and d symbols are output from the
delay line for a single time, p*d consecutive symbols in the second data stream include the d
symbols output from the delay line, and Q is an integer greater than or equal to 1.

[00111] In some possible implementations, a delay line with a largest sequence number in the
p delay lines includes 0 storage units, d(p * Q + 1) = L2, and L2=t/s*L1; or a delay line with a
smallest sequence number in the p delay lines includes O storage units, d(p *x Q — 1) > L2, and
L2=t/s*L1.

[00112] In some possible implementations, after the separately performing convolutional
interleaving on the m first data streams to obtain m second data streams, the method further
includes: separately performing second FEC encoding on the m second data streams to obtain m

encoded data streams. Information data whose length is K symbols in each of the encoded data
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streams is from at most K different codewords, and K>p*d.

[00113] In some possible implementations, the performing convolutional interleaving on one
first data stream to obtain one second data stream includes: delaying one first data stream based
on p delay lines to obtain one second data stream, where p is an integer greater than 1, a quantity
of storage units included in each delay line is different, a delay line with a smallest quantity of
storage units includes 0 storage units, a difference between quantities of storage units of every two
adjacent delay lines is Q, each storage unit is configured to store four symbols, symbols in each
lane data stream are sequentially input to the p delay lines based on sequence numbers of the p
delay lines, four symbols are input to each delay line for a single time and four symbols are output
from the delay line for a single time, p*4 consecutive symbols in the second data stream include
the four symbols output from the delay line, and Q satisfies 4(p xQ —1) > 272,4(p*Q+ 1) >
272,4(p*Q—1) = 544,0or4(p xQ + 1) = 544.

[00114] In some possible implementations, after the separately performing convolutional
interleaving on the m first data streams to obtain m second data streams, the method further
includes: separately performing second FEC encoding on the m second data streams to obtain m
encoded data streams, where information data whose length is K symbols in each of the encoded
data streams is from at most K different codewords, and K>p*4.

[00115] In some possible implementations, the performing convolutional interleaving on one
first data stream to obtain one second data stream includes: delaying one first data stream based
on p delay lines to obtain one second data stream, where p is an integer greater than 1, a quantity
of storage units included in each delay line is different, a delay line with a smallest quantity of
storage units includes 0 storage units, and a difference between quantities of storage units of every
two adjacent delay lines is Q; and each storage unit is configured to store 34 bits, bits in each lane
data stream are sequentially input to the p delay lines based on sequence numbers of the p delay
lines, 34 bits are input to each delay line for a single time and 34 bits are output from each delay
line for a single time, and p*34 consecutive bits in one second data stream include the 34 bits
output from the delay line; or each storage unit is configured to store 68 bits, bits in each lane data
stream are sequentially input to the p delay lines based on sequence numbers of the p delay lines,
68 bits are input to each delay line for a single time and 68 bits are output from each delay line for
a single time, and p*68 consecutive bits in one second data stream include the 68 bits output from
the delay line.

[00116] Insome possible implementations, p=2 and each storage unit is configured to store 68
bits, or p=4 and each storage unit is configured to store 34 bits.

[00117] According to a sixth aspect, this application provides a data processing apparatus. The

data processing apparatus includes a block interleaver and a convolution interleaver. The block
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interleaver is configured to perform block interleaving on every t lane data streams of n lane data
streams to obtain s first data streams, so as to obtain a total of m first data streams. n=g*t, m=qg*s,
n is an integer greater than 1, n can be exactly divided by g, g is an integer greater than or equal to
1, tis an integer greater than or equal to 1, and s is an integer greater than or equal to 1. First
forward error correction FEC encoding is performed on all the n lane data streams, every a
codewords obtained through the first FEC encoding are distributed in b lane data streams, a<b<n,
n can be exactly divided by b, and a is an integer greater than or equal to 1. Every a consecutive
symbols in each lane data stream are from a different codewords, every L1 consecutive symbols
in each lane data stream are from at least a different codewords, L1=N*a/b, and N represents a
length of the codeword. The t lane data streams include a total of t*a symbols (a consecutive
symbols in each lane data stream), the t*a symbols include a total of D bits (A bits in each symbol,
and D=A*t*a), the D bits are consecutive in any one of the s first data streams, A=M/s, and M
represents a quantity of bits included in one symbol. The convolution interleaver is configured to
separately perform convolutional interleaving on the m first data streams to obtain m second data
streams.

[00118] In some possible implementations, every d consecutive symbols in each first data
stream are from v different codewords, every L2 consecutive symbols in each first data stream are
from at least v different codewords, v can be exactly divided by a, L2=t/s*L1, and d=D/M.
[00119] In some possible implementations, n=32, 16 lane data streams in odd-numbered lanes
of the n lane data streams are from same codewords, 16 lane data streams in even-numbered lanes
of the n lane data streams are from same codewords, and the data stream in the odd-numbered lane
of the n lane data streams and the data stream in the even-numbered lane of the n lane data streams
are from different codewords.

[00120] In some possible implementations, t=2, s=1, and the block interleaver is specifically
configured to: perform block interleaving on a (2*i)™ lane data stream and a (2*i+1)"" lane data
stream to obtain one first data stream, where 0<i<16. Two consecutive symbols in the (2*i)"" lane
data stream and two consecutive symbols in the (2*i+1)" lane data stream are consecutive in the
first data stream obtained through the block interleaving, and every four consecutive symbols in
the first data stream obtained through the block interleaving are from four different codewords.

[00121]  Insome possible implementations, a j™ bit in 40 consecutive bits in the first data stream

obtained through the block interleaving is from a (“]EJ /2| * B + j%PB)™" bit in 20 consecutive bits

ina(2=*i+ l]EJ %2)" lane data stream, |x] represents rounding down,0 < j < 40,and f is1,

2, 4,5, 10, or 20.
[00122] In some possible implementations, t=2, s=1, and the block interleaver is specifically
25



10

15

20

25

30

configured to: perform block interleaving on a (2*i)™ lane data stream and a (2*i+1)"" lane data
stream to obtain one first data stream, where 0<i<16. A j™ group of consecutive B bits in the
(2*i)™ lane data stream and a j" group of consecutive B bits in the (2*i+1)"" lane data stream are
consecutive in the first data stream obtained through the block interleaving, j>0, 8 is 1, 2, 4, 5,
10, or 20, and every four consecutive symbols in the first data stream obtained through the block
interleaving are from four different codewords.

[00123] In some possible implementations, t=2, s=2, and the block interleaver is specifically
configured to: perform block interleaving on a (2*i)™ lane data stream and a (2*i+1)"" lane data
stream to obtain a (2*i)™" first data stream and a (2*i+1)" first data stream, where 0<i<16. A total
of 20 bits (five bits in each of four symbols: two consecutive symbols in the (2*i)"" lane data stream
and two consecutive symbols in the (2*i+1)" lane data stream) are consecutive in the (2*i)" first
data stream, every 20 consecutive bits in the (2*i)" first data stream are from four different
codewords, a total of 20 bits (the other five bits in each of the four symbols: two consecutive
symbols in the (2*i)" lane data stream and two consecutive symbols in the (2*i+1)™" lane data
stream) are consecutive in the (2*i+1)™" first data stream, and every 20 consecutive bits in the
(2*i+1)" first data stream are from four different codewords.

[00124] In some possible implementations, an f bit in 20 consecutive bits in a (2*i+g)™ first

f%loj + 10 + f%5)™ bit in 20 consecutive bits in a (2 * i + L—foj)”‘

data stream is froma (5 x g + l .

lane data stream, 0 < f< 20,and 0 < g < 2.

[00125] In some possible implementations, an f" bit in 20 consecutive bits in a (2*i+g)™ first
data stream is froma (5 g + L—fOJ * 10 + f%5)™ bit in 20 consecutive bits ina (2 * i + EJ%Z)th

lane data stream, 0 < f < 20,and 0 < g < 2.

[00126] In some possible implementations, t=4, s=1, and the block interleaver is specifically
configured to: perform block interleaving on a total of four lane data streams: a (4*i)" lane data
stream, a (4*i+1)™ lane data stream, a (4*i+2)" lane data stream, and a (4*i+3)" lane data stream,
to obtain one first data stream, where 0<i<7, a total of eight symbols (two consecutive symbols
included in each of the four lane data streams) are consecutive in the first data stream obtained
through the block interleaving, every eight consecutive symbols in the first data stream obtained
through the block interleaving are from at least four different codewords, every 272 consecutive
symbols are from at least four different codewords, a 0" symbol, a 1%t symbol, a 2" symbol, and a
3 symbol in every eight consecutive symbols in the first data stream obtained through the block
interleaving are from different codewords, and a 4™ symbol, a 5 symbol, a 6™ symbol, and a 7"
symbol in every eight consecutive symbols in the first data stream obtained through the block

interleaving are from different codewords.
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[00127] In some possible implementations, t=4, s=1, and the block interleaver is specifically
configured to: perform block interleaving on a total of four lane data streams: a (4*i)™" lane data
stream, a (4*i+1)™ lane data stream, a (4*i+2)" lane data stream, and a (4*i+3)" lane data stream,
to obtain one first data stream, where 0<i<7, a total of eight symbols (a j'" group of two consecutive
symbols included in each of the four lane data streams) are consecutive in the first data stream
obtained through the block interleaving, the j" group of two consecutive symbols included in each
of the four lane data streams are consecutive in the first data stream obtained through the block
interleaving, >0, every eight consecutive symbols in the first data stream obtained through the
block interleaving are from at least four different codewords, every 272 consecutive symbols are
from at least four different codewords, a 0™ symbol, a 1%t symbol, a 2" symbol, and a 3 symbol
in every eight consecutive symbols in the first data stream obtained through the block interleaving
are from different codewords, and a 4" symbol, a 5" symbol, a 6™ symbol, and a 7" symbol in
every eight consecutive symbols in the first data stream obtained through the block interleaving
are from different codewords.

[00128] In some possible implementations, t=4, s=1, and the block interleaver is specifically
configured to: perform block interleaving on a total of four lane data streams: a (4*i)™" lane data
stream, a (4*i+1)" lane data stream, a (4*i+2)™" lane data stream, and a (4*i+3)" lane data stream,
to obtain one first data stream, where 0<i<7, a total of four symbols (a j™" symbol included in each
of the four lane data streams) are consecutive in the first data stream obtained through the block
interleaving, >0, and every four consecutive symbols in the first data stream obtained through the
block interleaving are from four different codewords.

[00129] In some possible implementations, t=8, s=1, and the block interleaver is specifically
configured to: perform block interleaving on a total of eight lane data streams: an (8*i)™ lane data
stream, an (8*i+1)™ lane data stream, an (8*i+2)" lane data stream, an (8*i+3)™ lane data stream,
an (8*i+4)" lane data stream, an (8*i+5)" lane data stream, an (8*i+6)™ lane data stream, and an
(8*i+7)" lane data stream, to obtain one first data stream, where 0<i<3, a total of 16 symbols (two
consecutive symbols included in each of the eight lane data streams) are consecutive in the first
data stream obtained through the block interleaving, every 16 consecutive symbols in the first data
stream obtained through the block interleaving are from at least four different codewords, every
544 consecutive symbols are from at least four different codewords, a 0" symbol, a 1%t symbol, a
2" symbol, and a 3 symbol in every 16 consecutive symbols in the first data stream obtained
through the block interleaving are from different codewords, a 4" symbol, a 5" symbol, a 6%
symbol, and a 7! symbol in every 16 consecutive symbols in the first data stream obtained through
the block interleaving are from different codewords, an 8" symbol, a 9" symbol, a 10" symbol,
and an 11" symbol in every 16 consecutive symbols in the first data stream obtained through the
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block interleaving are from different codewords, and a 12" symbol, a 13" symbol, a 14" symbol,
and a 15" symbol in every 16 consecutive symbols in the first data stream obtained through the
block interleaving are from different codewords.

[00130] In some possible implementations, t=8, s=1, and the block interleaver is specifically
configured to: perform block interleaving on a total of eight lane data streams: an (8*i)™ lane data
stream, an (8*i+1)" lane data stream, an (8*i+2)" lane data stream, an (8*i+3)" lane data stream,
an (8*i+4)" lane data stream, an (8*i+5)" lane data stream, an (8*i+6)" lane data stream, and an
(8*i+7)" lane data stream, to obtain one first data stream, where 0<i<3, a total of 16 symbols (a j"
group of two consecutive symbols included in each of the eight lane data streams) are consecutive
in the first data stream obtained through the block interleaving, a j group of two consecutive
symbols included in each of the eight lane data streams are consecutive in the first data stream
obtained through the block interleaving, j>0, every 16 consecutive symbols in the first data stream
obtained through the block interleaving are from at least four different codewords, every 544
consecutive symbols are from at least four different codewords, a 0" symbol, a 1% symbol, a 2"
symbol, and a 3™ symbol in every 16 consecutive symbols in the first data stream obtained through
the block interleaving are from different codewords, a 4" symbol, a 5" symbol, a 6" symbol, and
a 7" symbol in every 16 consecutive symbols in the first data stream obtained through the block
interleaving are from different codewords, an 8" symbol, a 9" symbol, a 10" symbol, and an 11"
symbol in every 16 consecutive symbols in the first data stream obtained through the block
interleaving are from different codewords, and a 12" symbol, a 13" symbol, a 14" symbol, and a
15" symbol in every 16 consecutive symbols in the first data stream obtained through the block
interleaving are from different codewords.

[00131] In some possible implementations, t=8, s=1, and the block interleaver is specifically
configured to: perform block interleaving on a total of eight lane data streams: an (8*i)™ lane data
stream, an (8*i+1)"™ lane data stream, an (8*i+2)" lane data stream, an (8*i+3)™ lane data stream,
an (8*i+4)" lane data stream, an (8*i+5)" lane data stream, an (8*i+6)" lane data stream, and an
(8*i+7)" lane data stream, to obtain one first data stream, where 0<i<3, a total of eight symbols (a
j" symbol included in each of the eight lane data streams) are consecutive in the first data stream
obtained through the block interleaving, j>0, every eight consecutive symbols in the first data
stream obtained through the block interleaving are from four different codewords, a 0" symbol, a
15t symbol, a 2" symbol, and a 3" symbol in every eight consecutive symbols in the first data
stream obtained through the block interleaving are from different codewords, and a 4" symbol, a
51 symbol, a 6" symbol, and a 7" symbol in every eight consecutive symbols in the first data
stream obtained through the block interleaving are from different codewords.

[00132] Insome possible implementations, n=32, 16 consecutive lane data streams sorted in the
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front of the n lane data streams are from same codewords, 16 consecutive lane data streams sorted
in the back of the n lane data streams are from same codewords, and the 16 consecutive lane data
streams sorted in the front of the n lane data streams and the 16 consecutive lane data streams
sorted in the back of the n lane data streams are from different codewords.

[00133] In some possible implementations, t=2, s=1, and the block interleaver is specifically
configured to: perform block interleaving on an it lane data stream and an (i+16)™ lane data stream
to obtain one first data stream, where 0<i<16. Two consecutive symbols in the i lane data stream
and two consecutive symbols in the (i+16)™ lane data stream are consecutive in the first data stream
obtained through the block interleaving, and every four consecutive symbols in the first data stream
obtained through the block interleaving are from four different codewords.

[00134]  Insome possible implementations, a j™ bit in 40 consecutive bits in the first data stream

obtained through the block interleaving is from a (“]EJ /2| * B + j%PB)™ bit in 20 consecutive bits

ina(2xi+ l]EJ %2)™" lane data stream, |x| represents rounding down, 0 < j < 40, and B is 1,

2,4,5, 10, or 20.

[00135] In some possible implementations, t=2, s=1, and the block interleaver is specifically
configured to: perform block interleaving on an it lane data stream and an (i+16)™ lane data stream
to obtain one first data stream, where 0<i<16. A j"" group of consecutive B bits in the i"" lane data
stream and a j™ group of consecutive B bits in the (i+16)™ lane data stream are consecutive in the
first data stream obtained through the block interleaving, >0, B is 1, 2, 4, 5, 10, or 20, and every
four consecutive symbols in the first data stream obtained through the block interleaving are from
four different codewords.

[00136] In some possible implementations, t=2, s=2, and the block interleaver is specifically
configured to: perform block interleaving on an it lane data stream and an (i+16)" lane data stream
to obtain a (2*i)" first data stream and a (2*i+1)" first data stream, where 0<i<16. A total of 20
bits (five bits in each of four symbols: two consecutive symbols in the i lane data stream and two
consecutive symbols in the (i+16)™ lane data stream) are consecutive in the (2*i)" first data stream,
every 20 consecutive bits in the (2*i)" first data stream are from four different codewords, a total
of 20 bits (the other five bits in each of the four symbols: two consecutive symbols in the i lane
data stream and two consecutive symbols in the (i+16)™ lane data stream) are consecutive in the
(2*i+1)" first data stream, and every 20 consecutive bits in the (2*i+1)" first data stream are from
four different codewords.

[00137] In some possible implementations, an " bit in 20 consecutive bits in a (2*i+g)™ first

%10
5

data stream is from a (5 * g + [ J *10 + f%S)th bit in 20 consecutive bitsina (i + 16 * L—fOJ)th
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lane data stream, 0 < f < 20,and 0 < g < 2.

[00138] In some possible implementations, an f bit in 20 consecutive bits in a (2*i+g)™ first
data stream is from a (5 * g + L—fOJ * 10 + f%5)™ bit in 20 consecutive bits in a (i + 16 * L—foj)”‘

lane data stream, 0 < f < 20,and 0 < g < 2.

[00139] In some possible implementations, t=4, s=1, and the block interleaver is specifically
configured to: perform block interleaving on a total of four lane data streams: a (2*i)™" lane data
stream, a (2*i+1)" lane data stream, a (2*i+16)" lane data stream, and a (2*i+17)"" lane data stream,
to obtain one first data stream, where 0<i<7, a total of eight symbols (two consecutive symbols
included in each of the four lane data streams) are consecutive in the first data stream obtained
through the block interleaving, every eight consecutive symbols in the first data stream obtained
through the block interleaving are from at least four different codewords, every 272 consecutive
symbols are from at least four different codewords, a 0" symbol, a 1 symbol, a 2"¢ symbol, and a
39 symbol in every eight consecutive symbols in the first data stream obtained through the block
interleaving are from different codewords, and a 4" symbol, a 5" symbol, a 6 symbol, and a 7%
symbol in every eight consecutive symbols in the first data stream obtained through the block
interleaving are from different codewords.

[00140] In some possible implementations, t=4, s=1, and the block interleaver is specifically
configured to: perform block interleaving on a total of four lane data streams: a (2*i)™" lane data
stream, a (2*i+1)" lane data stream, a (2*i+16)" lane data stream, and a (2*i+17)"" lane data stream,
to obtain one first data stream, where 0<i<7, a total of eight symbols (a j™" group of two consecutive
symbols included in each of the four lane data streams) are consecutive in the first data stream
obtained through the block interleaving, the j" group of two consecutive symbols included in each
of the four lane data streams are consecutive in the first data stream obtained through the block
interleaving, j>0, every eight consecutive symbols in the first data stream obtained through the
block interleaving are from at least four different codewords, every 272 consecutive symbols are
from at least four different codewords, a 0" symbol, a 1% symbol, a 2"¢ symbol, and a 3" symbol
in every eight consecutive symbols in the first data stream obtained through the block interleaving
are from different codewords, and a 4" symbol, a 5" symbol, a 6™ symbol, and a 7" symbol in
every eight consecutive symbols in the first data stream obtained through the block interleaving
are from different codewords.

[00141] In some possible implementations, t=4, s=1, and the block interleaver is specifically
configured to: perform block interleaving on a total of four lane data streams: a (2*i)™" lane data
stream, a (2*i+1)" lane data stream, a (2*i+16)" lane data stream, and a (2*i+17)" lane data stream,
to obtain one first data stream, where 0<i<7, a total of four symbols (a j™" symbol included in each

of the four lane data streams) are consecutive in the first data stream obtained through the block
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interleaving, >0, and every four consecutive symbols in the first data stream obtained through the
block interleaving are from four different codewords.

[00142] In some possible implementations, t=8, s=1, and the block interleaver is specifically
configured to: perform block interleaving on a total of eight lane data streams: a (4*i)" lane data
stream, a (4*i+1)" lane data stream, a (4*i+2)" lane data stream, a (4*i+3)" lane data stream, a
(4*i+16)" lane data stream, a (4*i+17)" lane data stream, a (4*i+18)" lane data stream, and a
(4*i+19)" lane data stream, to obtain one first data stream, where 0<i<3, a total of 16 symbols
(two consecutive symbols included in each of the eight lane data streams) are consecutive in the
first data stream obtained through the block interleaving, every 16 consecutive symbols in the first
data stream obtained through the block interleaving are from at least four different codewords,
every 544 consecutive symbols are from at least four different codewords, a 0" symbol, a 1%
symbol, a 2" symbol, and a 3" symbol in every 16 consecutive symbols in the first data stream
obtained through the block interleaving are from different codewords, a 4" symbol, a 5" symbol,
a 6" symbol, and a 7" symbol in every 16 consecutive symbols in the first data stream obtained
through the block interleaving are from different codewords, an 8" symbol, a 9" symbol, a 10"
symbol, and an 11" symbol in every 16 consecutive symbols in the first data stream obtained
through the block interleaving are from different codewords, and a 12 symbol, a 13" symbol, a
14" symbol, and a 15" symbol in every 16 consecutive symbols in the first data stream obtained
through the block interleaving are from different codewords.

[00143] In some possible implementations, t=8, s=1, and the block interleaver is specifically
configured to: perform block interleaving on a total of eight lane data streams: a (4*i)" lane data
stream, a (4*i+1)" lane data stream, a (4*i+2)™ lane data stream, a (4*i+3)™" lane data stream, a
(4*i+16)" lane data stream, a (4*i+17)" lane data stream, a (4*i+18)" lane data stream, and a
(4*i+19)" lane data stream, to obtain one first data stream, where 0<i<3, a total of 16 symbols (a
j™ group of two consecutive symbols included in each of the eight lane data streams) are
consecutive in the first data stream obtained through the block interleaving, a j™" group of two
consecutive symbols included in each of the eight lane data streams are consecutive in the first
data stream obtained through the block interleaving, j>0, every 16 consecutive symbols in the first
data stream obtained through the block interleaving are from at least four different codewords,
every 544 consecutive symbols are from at least four different codewords, a 0" symbol, a 1%
symbol, a 2" symbol, and a 3" symbol in every 16 consecutive symbols in the first data stream
obtained through the block interleaving are from different codewords, a 4" symbol, a 5" symbol,
a 6™ symbol, and a 7" symbol in every 16 consecutive symbols in the first data stream obtained
through the block interleaving are from different codewords, an 8" symbol, a 9" symbol, a 10"
symbol, and an 11" symbol in every 16 consecutive symbols in the first data stream obtained
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through the block interleaving are from different codewords, and a 12 symbol, a 13" symbol, a
14" symbol, and a 15" symbol in every 16 consecutive symbols in the first data stream obtained
through the block interleaving are from different codewords.

[00144] In some possible implementations, t=8, s=1, and the block interleaver is specifically
configured to: perform block interleaving on a total of eight lane data streams: a (4*i)" lane data
stream, a (4*i+1)" lane data stream, a (4*i+2)™ lane data stream, a (4*i+3)™" lane data stream, a
(4*i+16)" lane data stream, a (4*i+17)" lane data stream, a (4*i+18)" lane data stream, and a
(4*i+19)" lane data stream, to obtain one first data stream, where 0<i<3, a total of eight symbols
(a j™" symbol included in each of the eight lane data streams) are consecutive in the first data stream
obtained through the block interleaving, j>0, every eight consecutive symbols in the first data
stream obtained through the block interleaving are from at least four different codewords, a O™
symbol, a 1%t symbol, a 2" symbol, and a 3™ symbol in every eight consecutive symbols in the
first data stream obtained through the block interleaving are from different codewords, and a 4™
symbol, a 5" symbol, a 6™ symbol, and a 7" symbol in every eight consecutive symbols in the first
data stream obtained through the block interleaving are from different codewords.

[00145] In some possible implementations, the convolution interleaver is specifically
configured to: delay one first data stream based on p delay lines to obtain one second data stream,
where p is an integer greater than 1, a quantity of storage units included in each delay line is
different, a delay line with a smallest quantity of storage units includes O storage units, a difference
between quantities of storage units of every two adjacent delay lines is Q, each storage unit is
configured to store d symbols, symbols in each lane data stream are sequentially input to the p
delay lines based on sequence numbers of the p delay lines, d symbols are input to each delay line
for a single time and d symbols are output from the delay line for a single time, p*d consecutive
symbols in the second data stream include the d symbols output from the delay line, and Q is an
integer greater than or equal to 1.

[00146] In some possible implementations, a delay line with a largest sequence number in the
p delay lines includes 0 storage units, d(p * Q + 1) = L2, and L2=t/s*L1; or a delay line with a
smallest sequence number in the p delay lines includes O storage units, d(p x Q — 1) > L2, and
L2=t/s*L1.

[00147] In some possible implementations, the data processing apparatus further includes an
encoder. After the m second data streams are obtained, the encoder is configured to: separately
perform second FEC encoding on the m second data streams to obtain m encoded data streams.
Information data whose length is K symbols in each of the encoded data streams is from at most
K different codewords, and K>p*d.

[00148] In some possible implementations, the convolution interleaver is specifically
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configured to: delay one first data stream based on p delay lines to obtain one second data stream,
where p is an integer greater than 1, a quantity of storage units included in each delay line is
different, a delay line with a smallest quantity of storage units includes 0 storage units, a difference
between quantities of storage units of every two adjacent delay lines is Q, each storage unit is
configured to store four symbols, symbols in each lane data stream are sequentially input to the p
delay lines based on sequence numbers of the p delay lines, four symbols are input to each delay
line for a single time and four symbols are output from the delay line for a single time, p*4
consecutive symbols in the second data stream include the four symbols output from the delay line,
and Q satisfies 4(p*xQ—1)=>272,4(p*xQ+1)=>272,4(p+xQ—1) =544,0or4(p*Q+
1) > 544.

[00149] In some possible implementations, the data processing apparatus further includes an
encoder. After the m second data streams are obtained, the encoder is configured to: separately
perform second FEC encoding on the m second data streams to obtain m encoded data streams,
where information data whose length is K symbols in each of the encoded data streams is from at
most K different codewords, and K>p*4.

[00150] In some possible implementations, the convolution interleaver is specifically
configured to: delay one first data stream based on p delay lines to obtain one second data stream,
where p is an integer greater than 1, a quantity of storage units included in each delay line is
different, a delay line with a smallest quantity of storage units includes O storage units, and a
difference between quantities of storage units of every two adjacent delay lines is Q. Each storage
unit is configured to store 34 bits, bits in each lane data stream are sequentially input to the p delay
lines based on sequence numbers of the p delay lines, 34 bits are input to each delay line for a
single time and 34 bits are output from each delay line for a single time, and p*34 consecutive bits
in one second data stream include the 34 bits output from the delay line; or each storage unit is
configured to store 68 bits, bits in each lane data stream are sequentially input to the p delay lines
based on sequence numbers of the p delay lines, 68 bits are input to each delay line for a single
time and 68 bits are output from each delay line for a single time, and p*68 consecutive bits in one
second data stream include the 68 bits output from the delay line.

[00151] Insome possible implementations, p=2 and each storage unit is configured to store 68
bits, or p=4 and each storage unit is configured to store 34 bits.

[00152] According to a seventh aspect, this application provides a data processing method. The
method includes the following steps. First, n lane data streams are separately delayed based on p
delay lines to obtain n first data streams. First forward error correction FEC encoding is performed
on all the n lane data streams, p is an integer greater than 1, a quantity of storage units included in

each delay line is different, a delay line with a smallest quantity of storage units includes 0 storage
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units, a difference between quantities of storage units of every two adjacent delay lines is Q, each
storage unit is configured to store U bits, bits in each lane data stream are sequentially input to the
p delay lines based on sequence numbers of the p delay lines, U bits are input to each delay line
for a single time and U bits are output from the delay line for a single time, p*U consecutive bits
in one second data stream include the U bits output from the delay line, Q is an integer greater than
or equal to 1, and U is an integer greater than or equal to 1. Then, second FEC encoding is
separately performed on the n first data streams to obtain n second data streams. Information data
of each codeword in the second data streams obtained through the second FEC encoding is p*U
bits output from the p delay lines for a single time.

[00153] Insome possible implementations, p*U=120, 136, or 160.

[00154] According to an eighth aspect, this application provides a data processing apparatus,
and the data processing apparatus includes a convolution interleaver and an encoder. The
convolution interleaver is configured to separately delay n lane data streams based on p delay lines
to obtain n first data streams. First forward error correction FEC encoding is performed on all the
n lane data streams, p is an integer greater than 1, a quantity of storage units included in each delay
line is different, a delay line with a smallest quantity of storage units includes O storage units, a
difference between quantities of storage units of every two adjacent delay lines is Q, each storage
unit is configured to store U bits, bits in each lane data stream are sequentially input to the p delay
lines based on sequence numbers of the p delay lines, U bits are input to each delay line for a single
time and U bits are output from the delay line for a single time, p*U consecutive bits in one second
data stream include the U bits output from the delay line, Q is an integer greater than or equal to
1, and U is an integer greater than or equal to 1. Then, the encoder is configured to separately
perform second FEC encoding on the n first data streams to obtain n second data streams.
Information data of each codeword in the second data streams obtained through the second FEC
encoding is p*U bits output from the p delay lines for a single time.

[00155] In some possible implementations, p*U=120, 136, or 160.

[00156] According to a ninth aspect, this application provides a computer-readable storage
medium. The computer-readable storage medium stores a computer program. When the computer
program is executed by hardware, some or all steps of any method in the first aspect, the third
aspect, the fifth aspect, or the seventh aspect can be implemented.

[00157] In embodiments of this application, all the n lane data streams are the outer-code
encoded codeword streams. The convolutional interleaving is separately performed on the n data
streams, the data stream multiplexing is performed on the n data streams obtained through the
convolutional interleaving, to obtain the m second data streams, and then the inner-code encoding

is performed. According to the data interleaving and multiplexing processing solution provided in
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this application, the following case can be implemented with a short latency: The plurality of
symbols consecutively output from the m multiplexed data streams are from a plurality of different
outer-code codewords, so that the concatenated FEC solution helps reduce the data interleaving
latency while ensuring the good performance. In other words, in this application, the solution of
the combination of the convolutional interleaving and the data multiplexing can reduce the overall
latency of the concatenated FEC solution, and is more applicable to the application scenario

requiring the low latency.

BRIEF DESCRIPTION OF DRAWINGS

[00158] FIG. 1 isaschematic diagram of a communication system according to an embodiment
of this application;

[00159] FIG. 2 is a schematic diagram of a data transmission process in the communication
system shown in FIG. 1;

[00160] FIG. 3(a) is a schematic diagram of a first type of data processing by a transmitter
processing module according to an embodiment of this application;

[00161] FIG. 3(b) is a schematic diagram of a second type of data processing by a transmitter
processing module according to an embodiment of this application;

[00162] FIG. 3(c) is a schematic diagram of a third type of data processing by a transmitter
processing module according to an embodiment of this application;

[00163] FIG. 3(d) is a schematic diagram of a fourth type of data processing by a transmitter
processing module according to an embodiment of this application;

[00164] FIG. 3(e) is a schematic diagram of lane data alignment according to an embodiment
of this application;

[00165] FIG. 3(f) is a schematic diagram of a fifth type of data processing by a transmitter
processing module according to an embodiment of this application;

[00166] FIG. 3(g) is a schematic diagram of a sixth type of data processing by a transmitter
processing module according to an embodiment of this application;

[00167] FIG. 3(h) is a schematic diagram of a seventh type of data processing by a transmitter
processing module according to an embodiment of this application;

[00168] FIG. 3(i) is a schematic diagram of an eighth type of data processing by a transmitter
processing module according to an embodiment of this application;

[00169] FIG. 4(a) is a schematic diagram of a first type of data processing by a receiver
processing module according to an embodiment of this application;

[00170] FIG. 4(b) is a schematic diagram of a second type of data processing by a receiver
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processing module according to an embodiment of this application;

[00171] FIG. 4(c) is a schematic diagram of a third type of data processing by a receiver
processing module according to an embodiment of this application;

[00172] FIG. 5is a schematic diagram of 32 PCS lane data streams corresponding to a 1x800G
interface used by a transmitter device;

[00173] FIG. 6 is a schematic diagram of 32 PCS lane data streams corresponding to 2x400G
interfaces used by a transmitter device;

[00174] FIG. 7 is a schematic diagram of 32 PCS lane data streams corresponding to 4x200G
interfaces used by a transmitter device;

[00175] FIG. 8 is a schematic diagram of 32 FEC lane data streams corresponding to 8x100G
interfaces used by a transmitter device;

[00176] FIG. 9 is another schematic diagram of 32 FEC lane data streams corresponding to
8%100G interfaces used by a transmitter device;

[00177] FIG. 10 is a schematic flowchart of a data processing method according to an
embodiment of this application;

[00178] FIG. 11 is a schematic diagram of a structure in which convolutional interleaving is
separately performed on n lane data streams according to an embodiment of this application;
[00179] FIG. 12(a) is a schematic diagram of a first structure of a convolution interleaver
according to an embodiment of this application;

[00180] FIG. 12(b) is a schematic diagram of a second structure of a convolution interleaver
according to an embodiment of this application;

[00181] FIG. 13 is a schematic diagram of a structure in which multiplexing is performed on n
first data streams according to an embodiment of this application;

[00182] FIG. 14 is a schematic diagram of a first structure of a multiplexer according to an
embodiment of this application;

[00183] FIG. 15 is a schematic diagram of a structure in which FEC encoding is performed on
m second data streams according to an embodiment of this application;

[00184] FIG. 16(a) is a schematic diagram of a third structure of a convolution interleaver
according to an embodiment of this application;

[00185] FIG. 16(b) is a schematic diagram of a fourth structure of a convolution interleaver
according to an embodiment of this application;

[00186] FIG. 17(a) is a schematic diagram of a second structure of a multiplexer according to
an embodiment of this application;

[00187] FIG. 17(b) is a schematic diagram of a third structure of a multiplexer according to an
embodiment of this application;

36



10

15

20

25

30

35

[00188] FIG. 17(c) is a schematic diagram of a fourth structure of a multiplexer according to an
embodiment of this application;

[00189] FIG. 18(a) is a schematic diagram of a fifth structure of a convolution interleaver
according to an embodiment of this application;

[00190] FIG. 18(b) is a schematic diagram of a sixth structure of a convolution interleaver
according to an embodiment of this application;

[00191] FIG. 19(a) is a schematic diagram of a seventh structure of a convolution interleaver
according to an embodiment of this application;

[00192] FIG. 19(b) is a schematic diagram of an eighth structure of a convolution interleaver
according to an embodiment of this application;

[00193] FIG. 20 is a schematic diagram of a ninth structure of a convolution interleaver
according to an embodiment of this application;

[00194] FIG. 21 is a schematic diagram of a tenth structure of a convolution interleaver
according to an embodiment of this application;

[00195] FIG. 22 is a schematic diagram of a fifth structure of a multiplexer according to an
embodiment of this application;

[00196] FIG. 23 is a schematic diagram of an eleventh structure of a convolution interleaver
according to an embodiment of this application;

[00197] FIG. 24 is a schematic diagram of a sixth structure of a multiplexer according to an
embodiment of this application;

[00198] FIG. 25 is a schematic diagram of a twelfth structure of a convolution interleaver
according to an embodiment of this application;

[00199] FIG. 26 is a schematic diagram of a thirteenth structure of a convolution interleaver
according to an embodiment of this application;

[00200] FIG. 27(a) is a schematic diagram of a fourteenth structure of a convolution interleaver
according to an embodiment of this application;

[00201] FIG. 27(b) is a schematic diagram of a fifteenth structure of a convolution interleaver
according to an embodiment of this application;

[00202] FIG. 28(a) is a schematic diagram of a sixteenth structure of a convolution interleaver
according to an embodiment of this application;

[00203] FIG. 28(b) is a schematic diagram of a seventeenth structure of a convolution
interleaver according to an embodiment of this application;

[00204] FIG. 29(a) is a schematic diagram of an eighteenth structure of a convolution
interleaver according to an embodiment of this application;

[00205] FIG. 29(b) is a schematic diagram of a nineteenth structure of a convolution interleaver
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according to an embodiment of this application;

[00206] FIG. 30(a) is a schematic diagram of a twentieth structure of a convolution interleaver
according to an embodiment of this application;

[00207] FIG. 30(b) is a schematic diagram of a twenty-first structure of a convolution
interleaver according to an embodiment of this application;

[00208] FIG. 31(a) is a schematic diagram of a twenty-second structure of a convolution
interleaver according to an embodiment of this application;

[00209] FIG. 31(b) is a schematic diagram of a twenty-third structure of a convolution
interleaver according to an embodiment of this application;

[00210] FIG. 32(a) is a schematic diagram of a structure in which block interleaving is
performed on n first data streams according to an embodiment of this application;

[00211] FIG. 32(b) is a schematic diagram of a structure of a block interleaver according to an
embodiment of this application;

[00212] FIG. 33 is a schematic diagram of a structure of a data processing apparatus according
to an embodiment of this application;

[00213] FIG. 34 is a schematic flowchart of interleaving according to an embodiment of this
application;

[00214] FIG. 35is a schematic diagram of a structure in which block interleaving is performed
on n first data streams according to an embodiment of this application;

[00215] FIG. 36 is a schematic diagram of an implementation of performing block interleaving
according to an embodiment of this application;

[00216] FIG. 37 is a schematic diagram of a lane-aligned data stream format in a case of
2x400GDbE host interfaces;

[00217] FIG. 38 is a schematic diagram of an implementation of block interleaving;

[00218] FIG. 39 is a schematic diagram of another implementation of block interleaving;
[00219] FIG. 40 is a schematic diagram of another implementation of block interleaving;
[00220] FIG. 41 is a schematic diagram of another implementation of block interleaving;
[00221] FIG. 42 is another schematic flowchart of interleaving according to an embodiment of
this application;

[00222] FIG. 43 is a schematic diagram of an implementation of performing first block
interleaving according to an embodiment of this application;

[00223] FIG. 44(a) is a schematic diagram of an implementation of performing second block
interleaving according to an embodiment of this application;

[00224] FIG. 44(Db) is a schematic diagram of a specific implementation of performing second

block interleaving according to an embodiment of this application;
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[00225] FIG. 45(a) is a schematic diagram of an implementation of first block interleaving;
[00226] FIG. 45(b) is a schematic diagram of an implementation of convolutional interleaving;
[00227] FIG. 45(c) is a schematic diagram of another implementation of convolutional
interleaving;

[00228] FIG. 45(d) is a schematic diagram of an implementation of second block interleaving;
[00229] FIG. 46(a) is a schematic diagram of another implementation of convolutional
interleaving;

[00230] FIG. 46(b) is a schematic diagram of another implementation of convolutional
interleaving;

[00231] FIG. 46(c) is a schematic diagram of another implementation of second block
interleaving;

[00232] FIG. 47 is a schematic diagram of another implementation of second block interleaving;
[00233] FIG. 48 is a schematic diagram of another implementation of second block interleaving;
[00234] FIG. 49 is a schematic diagram of another implementation of first block interleaving;
[00235] FIG. 50(a) is a schematic diagram of another structure of a data processing apparatus
according to an embodiment of this application;

[00236] FIG. 50(b) is a schematic diagram of another structure of a data processing apparatus
according to an embodiment of this application;

[00237] FIG. 51 is another schematic flowchart of a data processing method according to an
embodiment of this application;

[00238] FIG. 52 is a schematic diagram of a structure in which block interleaving is performed
on n lane data streams according to an embodiment of this application;

[00239] FIG. 53 is a schematic diagram of an application scenario of block interleaving
according to an embodiment of this application;

[00240] FIG. 54 is a schematic diagram of several specific embodiments of block interleaving
according to an embodiment of this application;

[00241] FIG. 55 is a schematic diagram of another application scenario of block interleaving
according to an embodiment of this application;

[00242] FIG. 56 is a schematic diagram of several specific embodiments of block interleaving
according to an embodiment of this application;

[00243] FIG. 57 is a schematic diagram of another application scenario of block interleaving
according to an embodiment of this application;

[00244] FIG. 58 is a schematic diagram of another application scenario of block interleaving
according to an embodiment of this application;

[00245] FIG. 59 is a schematic diagram of another application scenario of block interleaving
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according to an embodiment of this application;

[00246] FIG. 60 is a schematic diagram of another application scenario of block interleaving
according to an embodiment of this application;

[00247] FIG. 61 is a schematic diagram of still another application scenario of block
interleaving according to an embodiment of this application;

[00248] FIG. 62 is a schematic diagram of still another application scenario of block
interleaving according to an embodiment of this application;

[00249] FIG. 63 is a schematic diagram of still another application scenario of block
interleaving according to an embodiment of this application;

[00250] FIG. 64 is a schematic diagram of still another application scenario of block
interleaving according to an embodiment of this application;

[00251] FIG. 65 is a schematic diagram of still another application scenario of block
interleaving according to an embodiment of this application;

[00252] FIG. 66 is a schematic diagram of still another application scenario of block
interleaving according to an embodiment of this application;

[00253] FIG. 67 is a schematic diagram of still another application scenario of block
interleaving according to an embodiment of this application;

[00254] FIG. 68 is a schematic diagram of still another application scenario of block
interleaving according to an embodiment of this application;

[00255] FIG. 69 is a schematic diagram of still another application scenario of block
interleaving according to an embodiment of this application;

[00256] FIG. 70 is a schematic diagram of still another application scenario of block
interleaving according to an embodiment of this application;

[00257] FIG. 71 is a schematic diagram of still another application scenario of block
interleaving according to an embodiment of this application;

[00258] FIG. 72 is a schematic diagram of still another application scenario of block
interleaving according to an embodiment of this application;

[00259] FIG. 73 is a schematic diagram of a structure in which convolutional interleaving is
separately performed on m first data streams according to an embodiment of this application;
[00260] FIG. 74 is a schematic diagram of an embodiment of a convolution interleaver
according to an embodiment of this application;

[00261] FIG. 75 is a schematic diagram of another embodiment of a convolution interleaver
according to an embodiment of this application;

[00262] FIG. 76 is a schematic diagram of another embodiment of a convolution interleaver
according to an embodiment of this application;
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[00263] FIG. 77 is a schematic diagram of another embodiment of a convolution interleaver
according to an embodiment of this application;

[00264] FIG. 78 is a schematic diagram of another embodiment of a convolution interleaver
according to an embodiment of this application;

[00265] FIG. 79 is a schematic diagram of another embodiment of a convolution interleaver
according to an embodiment of this application;

[00266] FIG. 80 is a schematic diagram of another embodiment of a convolution interleaver
according to an embodiment of this application;

[00267] FIG. 81 is a schematic diagram of another embodiment of a convolution interleaver
according to an embodiment of this application;

[00268] FIG. 82 is a schematic diagram of another embodiment of a convolution interleaver
according to an embodiment of this application;

[00269] FIG. 83 is a schematic diagram of another embodiment of a convolution interleaver
according to an embodiment of this application;

[00270] FIG. 84 is a schematic diagram of an implementation of inner-code encoding according
to an embodiment of this application;

[00271] FIG. 85 is a schematic diagram of a structure of a data processing apparatus according
to an embodiment of this application;

[00272] FIG. 86 is another schematic flowchart of a data processing method according to an
embodiment of this application;

[00273] FIG. 87 is a schematic diagram of another structure of a data processing apparatus
according to an embodiment of this application; and

[00274] FIG. 88 is a schematic diagram of another structure of a data processing apparatus

according to an embodiment of this application.

DESCRIPTION OF EMBODIMENTS

[00275] Embodiments of this application provide a data processing method and a data
processing apparatus, so that better performance of a concatenated FEC solution can be achieved
in a scenario with a low latency. It should be noted that, the terms "first”, "second", and the like in
the specification, claims, and accompanying drawings of this application are intended to
distinguish between similar objects but do not necessarily indicate a specific order or sequence. It
should be understood that the foregoing terms are interchangeable in proper circumstances so that
embodiments described in this application can be implemented in other orders than the order

described in this application. Moreover, the terms “include”, "have", or any other variant thereof

41



10

15

20

25

30

35

are intended to cover non-exclusive inclusion. For example, processes, methods, systems, products,
or devices that include a series of steps or units are not limited to the steps or the units that are
clearly listed, and may include other steps and units that are not clearly listed or that are inherent
to the processes, methods, products, or devices.

[00276] FIG. 1 isaschematic diagram of a communication system according to an embodiment
of this application. As shown in FIG. 1, the communication system includes a transmitter device
01, a transmitter processing module 02, a channel transmission medium 03, a receiver processing
module 04, and a receiver device 05. For example, the communication system is a data center
network. The transmitter device 01 and the receiver device 05 may be devices such as a switch or
a router, the transmitter device 01 is also referred to as a host chip (host chip) located at a
transmitter, the receiver device 05 is also referred to as a host chip located at a receiver, and the
channel transmission medium 03 may be an optical fiber. The host chip is also referred to as a host
device (host device). The transmitter device 01 may be connected to the transmitter processing
module 02 through an attachment unit interface (attachment unit interface, AUI), and the receiver
device 05 may be connected to the receiver processing module 04 through an AUI. The transmitter
processing module 02 and the receiver processing module 04 may each be an optical module
(optical module), an electrical module, a connector (connector), or another module that processes
data in a data transmission process. For example, the processing module may be an 800LR module
(800LR module, which is a coherent optical module). In addition, the transmitter device 01, the
transmitter processing module 02, the channel transmission medium 03, the receiver processing
module 04, and the receiver device 05 in the communication system may all support bidirectional
transmission or unidirectional transmission. This is not specifically limited herein.

[00277] FIG. 2 is a schematic diagram of a data transmission process in the communication
system shown in FIG. 1. As shown in FIG. 2, in a process of transmitting data from the transmitter
device 01 to the receiver device 05, the transmitter device 01 is configured to perform outer-code
encoding on the data, and then transmit outer-code encoded data to the transmitter processing
module 02. The transmitter processing module 02 is configured to perform inner-code encoding
on the outer-code encoded data, to obtain outer-code encoded and inner-code encoded data, and
transmit the outer-code encoded and inner-code encoded data to the channel transmission medium
03. The channel transmission medium 03 is configured to transmit the outer-code encoded and
inner-code encoded data to the receiver processing module 04. The receiver processing module 04
is configured to: perform inner-code decoding on the outer-code encoded and inner-code encoded
data, and transmit inner-code decoded data to the receiver device 05. The receiver device 05 is
configured to perform outer-code decoding on the inner-code decoded data.

[00278] It should be understood that the "inner" in inner code and the "outer"” in outer code are
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distinguished based merely on a distance between an execution body that performs an operation
on data and the channel transmission medium 03. An execution body that performs an operation
on inner code is close to the channel transmission medium, and an execution body that performs
an operation on outer code is far away from the channel transmission medium. In embodiments of
this application, data is transmitted from the transmitter device 01 to the channel transmission
medium 03 via the transmitter processing module 02, and then is transmitted from the channel
transmission medium 03 to the receiver device 05 via the receiver processing module 04. A
distance that the data encoded by the transmitter device 01 travels to the channel transmission
medium 03 is longer than that of the data encoded by the transmitter processing module 02, and a
distance that the data decoded by the receiver device 05 travels to the channel transmission medium
03 is longer than that of data decoded by the receiver processing module 04. Therefore, the data
encoded by the transmitter device 01 is referred to as outer-code encoded data, the data encoded
by the transmitter processing module 02 is referred to as inner-code encoded data, the data decoded
by the receiver device 05 is referred to as outer-code decoded data, and data decoded by the
receiver processing module 04 is referred to as inner-code decoded data. In a possible
implementation, both the inner-code encoding and the outer-code encoding use an FEC encoding
manner, so as to form a concatenated FEC transmission solution. For example, the transmitter
device 01 may perform the outer-code encoding by using RS code, and the transmitter processing
module 02 may perform the inner-code encoding by using Hamming (Hamming) code. For another
example, the transmitter device 01 may perform the outer-code encoding by using RS code, and
the transmitter processing module 02 may perform the inner-code encoding by using Bose—
Chaudhuri-Hocquenghem (Bose—Chaudhuri-Hocquenghem, BCH) code.

[00279] It should be noted that the foregoing content is example description of an application
scenario of a data interleaving method provided in embodiments of this application, and does not
constitute any limitation on application scenarios of the data interleaving method. A person of
ordinary skill in the art may learn that, as a service requirement changes, application scenario of
the data interleaving method may be adjusted depending on an application requirement.
Application scenarios are not listed one by one in embodiments of this application.

[00280] For the foregoing concatenated FEC transmission solution, a data processing solution
including "convolutional interleaving” and "multiplexing” is designed in this application, to
implement good performance and a low latency of the overall concatenated FEC solution.
Therefore, the concatenated FEC transmission solution can be applied to a plurality of transmission
scenarios, and is particularly applicable to a transmission scenario that requires a low transmission
latency, for example, a low-latency data center interconnection scenario. Data processing is
implemented through the foregoing transmitter processing module 02.
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[00281] FIG. 3(a) is a schematic diagram of a first type of data processing by a transmitter
processing module according to an embodiment of this application. As shown in FIG. 3(a), after
processing data from a plurality of synchronous client lanes (client lanes), a physical media
attachment (Physical Medium Attachment, PMA) sublayer of the transmitter processing module
may obtain n outer-code encoded physical coding sublayer (Physical Coding Sublayer, PCS) or
FEC lane data streams, and perform alignment marker lock (alignment lock) and lane data
alignment to obtain n aligned lane data streams. Then, lane reordering (lane reorder) is performed
on n lanes of data based on alignment markers (Alignment markers), so that the n lanes of data can
be arranged in a specified sequence. The n lane data streams obtained through lane reordering are
sent to a designed processor including convolutional interleaving (convolutional interleaving) and
multiplexing (muxing), for data sequence disordering, and then are sent to an inner-code encoder
for inner-code encoding. After data processing is performed on inner-code encoded data streams,
data processed data streams are sent to a channel transmission medium for transmission. The data
processing may include modulation and mapping (mapping), channel interleaving (channel
interleaving), polarization distribution (polarization distribution), DSP framing (framing), and the
like. Herein, n is a positive integer greater than 1.

[00282] FIG. 3(b) is a schematic diagram of a second type of data processing by a transmitter
processing module according to an embodiment of this application. As shown in FIG. 3(b), in some
actual application scenarios, n aligned lane data streams obtained through lane data alignment has
already been arranged in a specified sequence. In this case, lane reordering does not need to be
performed, and the n aligned lane data streams are directly sent to a designed processor including
convolutional interleaving and multiplexing, for interleaving and data sequence disordering, and
then are sent to an inner-code encoder for inner-code encoding.

[00283] It should be understood that, in some possible implementations, different from the data
processing procedures described in FIG. 3(a) and FIG. 3(b), n aligned lane data streams obtained
through lane data alignment may alternatively not be convolutionally interleaved, but are directly
multiplexed, and are sent to an inner-code encoder for inner-code encoding.

[00284] FIG. 3(c) is a schematic diagram of a third type of data processing by a transmitter
processing module according to an embodiment of this application. As shown in FIG. 3(c),
different from the data processing procedure shown in FIG. 3(a), n lane data streams obtained
through lane reordering are not convolutionally interleaved, but are directly multiplexed, and are
sent to an inner-code encoder for inner-code encoding.

[00285] FIG. 3(d) is a schematic diagram of a fourth type of data processing by a transmitter
processing module according to an embodiment of this application. As shown in FIG. 3(d),
different from the data processing procedure shown in FIG. 3(b), n lane data streams obtained
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through lane data alignment are not convolutionally interleaved, but are directly multiplexed, and
are sent to an inner-code encoder for inner-code encoding.

[00286] FIG. 3(e) is a schematic diagram of lane data alignment according to an embodiment
of this application. It should be understood that the foregoing "lane data alignment™ may be lane
deskewing (lane de-skew) defined in an existing standard, so that data of n lane data streams output
through the lane data alignment is completely aligned. Alternatively, the foregoing "lane data
alignment” may be merely lane symbol alignment, so that data of n lane data streams output
through the lane data alignment is aligned based on an outer-code symbol. Specifically, the data
may be aligned based on one outer-code symbol or a plurality of outer-code symbols. In FIG. 3(e),
two lane data streams are used as an example to describe a specific operation of the "lane data
alignment". It is assumed that outer code is RS code, and a length of one RS code symbol is 10
bits. Scenario (a) in FIG. 3(e) indicates that there is a deviation of 75 bits between the two lane
data streams, and AM 0 and AM 1 are respectively alignment markers of lane data stream 0 and
lane data stream 1. In Scenario (b) in FIG. 3(e), lane deskewing (lane de-skew) defined in an
existing standard is used, so that there is no deviation between output lane data stream 0 and output
lane data stream 1. In Scenario (c) in FIG. 3(e), one RS symbol-based alignment is performed, so
that one RS symbol of output lane data stream 0 and one RS symbol of output lane data stream 1
are aligned. In this case, a deviation of 70 bits still exists between the two lanes. In Scenario (d) in
FIG. 3(e), two RS symbol-based alignment is performed, so that two RS symbols of output lane
data stream 0 and two RS symbols of output lane data stream 1 are aligned. In this case, a deviation
of 60 bits still exists between the two lanes.

[00287] FIG. 3(f) is a schematic diagram of a fifth type of data processing by a transmitter
processing module according to an embodiment of this application. As shown in FIG. 3(f), after
processing data from a plurality of synchronous client lanes (client lanes), a physical media
attachment (Physical Medium Attachment, PMA) sublayer of the transmitter processing module
may obtain n outer-code encoded physical coding sublayer (Physical Coding Sublayer, PCS) or
FEC lane data streams, and perform alignment marker lock (alignment lock) and lane data
alignment to obtain n aligned lane data streams. Then, lane reordering (lane reorder) is performed
on n lanes of data based on alignment markers (Alignment markers), so that the n lanes of data can
be arranged in a specified sequence. The n lane data streams obtained through lane reordering are
sent to a designed processor including convolutional interleaving (convolutional interleaving) and
block interleaving (block interleaving), for interleaving and data sequence disordering, and then
are sent to an inner-code encoder for inner-code encoding. After data processing is performed on
inner-code encoded data streams, data processed data streams are sent to a channel transmission
medium for transmission. The data processing may include modulation and mapping (mapping),
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channel interleaving (channel interleaving), polarization distribution (polarization distribution),
DSP framing (framing), and the like. Herein, n is a positive integer greater than 1.

[00288] FIG. 3(g) is a schematic diagram of a sixth type of data processing by a transmitter
processing module according to an embodiment of this application. As shown in FIG. 3(g), after
processing data from a plurality of synchronous client lanes (client lanes), a physical media
attachment (Physical Medium Attachment, PMA) sublayer of the transmitter processing module
may obtain n outer-code encoded physical coding sublayer (Physical Coding Sublayer, PCS) or
FEC lane data streams, where the PCS lane data stream and the FEC lane data stream are
collectively referred to as a lane data stream, and perform alignment marker lock (alignment lock)
and lane data alignment to obtain n aligned lane data streams. Then, lane reordering (lane reorder)
is performed on n lanes of data based on alignment markers (Alignment markers), so that the n
lanes of data can be arranged in a specified sequence. The n lane data streams obtained through
lane reordering are sent to a designed processor including first block interleaving, convolutional
interleaving (convolutional interleaving), and second block interleaving, for interleaving and data
sequence disordering, and then are sent to an inner-code encoder for inner-code encoding. After
data processing is performed on inner-code encoded data streams, data processed data streams are
sent to a channel transmission medium for transmission. The data processing may include
modulation and mapping (mapping), channel interleaving (channel interleaving), polarization
distribution (Polarization distribution), DSP framing (Framing), and the like. Herein, n is a positive
integer greater than 1.

[00289] FIG. 3(h) is a schematic diagram of a seventh type of data processing by a transmitter
processing module according to an embodiment of this application. As shown in FIG. 3(h), after
processing data from a plurality of synchronous client lanes (client lanes), a physical media
attachment (Physical Medium Attachment, PMA) sublayer of the transmitter processing module
may obtain n outer-code encoded physical coding sublayer (Physical Coding Sublayer, PCS) or
FEC lane data streams, and perform alignment marker lock (alignment lock) and lane data
alignment to obtain n aligned lane data streams. Then, lane reordering (lane reorder) is performed
on n lanes of data based on alignment markers (Alignment markers), so that the n lanes of data can
be arranged in a specified sequence. The n lane data streams obtained through lane reordering are
sent to a designed processor including block interleaving (block interleaving) and convolutional
interleaving (convolutional interleaving), for interleaving and data sequence disordering, and then
are sent to an inner-code encoder for inner-code encoding. After data processing is performed on
inner-code encoded data streams, data processed data streams are sent to a channel transmission
medium for transmission. The data processing may include modulation and mapping (mapping),
channel interleaving (channel interleaving), polarization distribution (polarization distribution),
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DSP framing (framing), and the like. Herein, n is a positive integer greater than 1.

[00290] FIG. 3(i) is a schematic diagram of an eighth type of data processing by a transmitter
processing module according to an embodiment of this application. As shown in FIG. 3(i), after
processing data from n synchronous client lanes (client lanes) such as an AUI-n interface, a
physical media attachment (Physical Medium Attachment, PMA) sublayer of the transmitter
processing module may obtain n outer-code encoded lane data streams. The PMA sublayer herein
only needs to perform signal recovery operations such as clock data recovery (clock data recovery,
CDR) and PAM4 symbol demodulation on data from each client lane to obtain one lane data stream,
and does not need to perform other complex operations such as AM locking, lane deskewing, and
lane reordering. n lane data streams are sent to a designed processor including convolutional
interleaving (convolutional interleaving), for interleaving and data sequence disordering, and then
are sent to an inner-code encoder for inner-code encoding. After data processing is performed on
inner-code encoded data streams, data processed data streams are sent to a channel transmission
medium for transmission. The data processing may include modulation and mapping (mapping),
channel interleaving (channel interleaving), polarization distribution (polarization distribution),
DSP framing (framing), and the like. Herein, n is a positive integer greater than 1.

[00291] It should be understood that, in some actual application scenarios, RS outer-code
encoding means that interleaving such as 2-way interleaving (2-way interleaving) is performed
after encoding is performed by using two encoders, so that RS symbols on a lane data stream with
an even sequence number are transmitted in a manner of "AB AB A B ...", and RS symbols on
the lane data stream with an odd sequence number are transmitted in a manner of "BABABA...",
where A and B are two RS symbols generated by different encoders. For two RS symbol-based
alignment, an implementation effect is that RS symbols on all lane data streams with even
sequence numbers are generated by a same encoder at a same moment, and RS symbols on all lane
data streams with odd sequence numbers are generated by another same encoder at the same
moment; or another implementation effect is that RS symbols on all lane data streams are generated
by a same encoder at a same moment. A specific manner is not limited herein.

[00292] FIG. 4(a) is a schematic diagram of a first type of data processing by a receiver
processing module according to an embodiment of this application. As shown in FIG. 4(a), the
receiver processing module receives data streams from a channel transmission medium. When data
processing such as modulation mapping (mapping), channel interleaving (channel interleaving),
polarization distribution (polarization distribution), or DSP framing (framing) is performed on data
streams from a transmitter processing module, the receiver processing module first performs
corresponding data reverse processing and then sends the data streams to an inner-code decoder
for decoding. After the inner-code decoding, the data streams are sent to a processor including
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convolutional de-interleaving and de-multiplexing, for processing, to obtain n lane data streams,
and then the n lane data streams are sent to a PMA sublayer. The PMA sublayer processes the data
streams and sends processed data streams to a receiver device for outer-code decoding. The
convolutional de-interleaving (convolutional de-interleaving) and de-multiplexing (de-muxing) in
the receiver processing module are reverse operations of convolutional interleaving and
multiplexing in the transmitter processing module. The convolutional de-interleaving is the reverse
operation of the convolutional interleaving in the transmitter processing module, and the de-
multiplexing is the reverse operation of the multiplexing in the transmitter processing module. The
following describes in detail the convolutional interleaving and the multiplexing in the transmitter
processing module. The convolutional de-interleaving and the de-multiplexing in the receiver
processing module are the reverse operations of the convolutional interleaving and the
multiplexing in the transmitter processing modules shown in FIG. 3(a) and FIG. 3(b). This is well-
known to a person of ordinary skill in the art and is not described herein.

[00293] FIG. 4(b) is a schematic diagram of a second type of data processing by a receiver
processing module according to an embodiment of this application. As shown in FIG. 4(b), the
receiver processing module receives data streams from a channel transmission medium. When data
processing such as modulation mapping (mapping), channel interleaving (channel interleaving),
polarization distribution (polarization distribution), or DSP framing (framing) is performed on data
streams from a transmitter processing module, the receiver processing module first performs
corresponding data reverse processing and then sends the data streams to an inner-code decoder
for decoding. After the inner-code decoding, the data streams are sent to a processor including
block de-interleaving and convolutional de-interleaving, for processing, to obtain n lane data
streams, and then the n lane data streams are sent to a PMA sublayer. The PMA sublayer processes
the data streams and sends processed data streams to a receiver device for outer-code decoding.
Herein, the block de-interleaving and convolutional de-interleaving in the receiver processing
module are reverse operations of the block interleaving and the convolutional interleaving in the
transmitter processing module shown in FIG. 3(f). The convolutional de-interleaving is the reverse
operation of the convolutional interleaving in the transmitter processing module, and the block de-
interleaving is the reverse operation of the block interleaving in the transmitter processing module.
[00294] FIG. 4(c) is a schematic diagram of a third type of data processing by a receiver
processing module according to an embodiment of this application. As shown in FIG. 4(c), the
receiver processing module receives data streams from a channel transmission medium. When data
processing such as modulation mapping (mapping), channel interleaving (channel interleaving),
polarization distribution (Polarization distribution), or DSP framing (Framing) is performed on

data streams from a transmitter processing module, the receiver processing module first performs
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corresponding data reverse processing and then sends the data streams to an inner-code decoder
for decoding. After the inner-code decoding, the data streams are sent to second block de-
interleaving, convolutional de-interleaving, and first block de-interleaving, for processing, to
obtain n lane data streams, and then the n lane data streams are sent to a PMA sublayer. The PMA
sublayer processes the data streams and sends processed data streams to a receiver device for outer-
code decoding. Herein, the first block de-interleaving, the convolutional de-interleaving, and the
second block de-interleaving in the receiver processing module are respectively reverse operations
of the first block interleaving, the convolutional interleaving, and the second block interleaving in
the transmitter processing module shown in FIG. 3(g). The following describes in detail the first
block interleaving, the convolutional interleaving, and the second block interleaving in the
transmitter processing module. The first block de-interleaving, the convolutional de-interleaving,
and the second block de-interleaving in the receiver processing module are respectively the reverse
operations of the first block interleaving, the convolutional interleaving, and the second block
interleaving in the transmitter processing module. This is well-known to a person of ordinary skill
in the art and is not described herein.

[00295] The following first provides several specific scenarios to which embodiments of this
application may be applied. It should be noted that, for ease of description, the following specific
scenarios are described by using an example in which "lane data alignment™ is lane deskewing.
[00296] FIG. 5 is aschematic diagram of 32 PCS lane data streams corresponding to a 1x800G
interface used by a transmitter device. As shown in FIG. 5, the transmitter device performs KP4
RS(544,514) code outer-code encoding on one channel of to-be-transmitted 800GbE service data
stream to obtain the 32 PCS lane (PCS lane) data streams. Every 68 consecutive symbols in each
of PCS lane data streams 0 to 15 form a total of 16*68=1088 symbols, where two RS codewords
are included. Two adjacent symbols in each PCS lane data stream are from different RS codewords,
and two symbols at same positions in two adjacent PCS lane data streams are from different RS
codewords. Similarly, every 68 consecutive symbols in each of PCS lane data streams 16 to 31
form a total of 16*68=1088 symbols, where two RS codewords are included. Two adjacent
symbols in each PCS lane data stream are from different RS codewords, and two symbols at same
positions in two adjacent PCS lane data streams are from different RS codewords. After PMA
processing, the 32 PCS lane data streams are sent to a transmitter processing module through an
attachment unit interface 800GAUI-8.

[00297] Based on the foregoing schematic diagram of data processing of the transmitter
processing module shown in FIG. 3(a), the transmitter processing module performs alignment
marker lock (alignment lock) on the lane data streams based on known alignment markers
(Alignment markers) of PCS lanes. The known alignment markers of the 32 lanes are different
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(refer to "Ethernet Technology Consortium 800G Specification™). The transmitter processing
module then performs lane deskewing (lane de-skew) on the 32 lane data streams to obtain 32
aligned lane data streams. Then, lane reordering (lane reorder) is performed on data of the n=32
lanes based on the alignment markers, so that the data of the n=32 lanes can be arranged in a
specified sequence. One sequence is that the lane data streams are sorted from 0 to 31 from top to
bottom, which is the same as that shown in FIG. 5.

[00298] FIG. 6 is a schematic diagram of 32 PCS lane data streams corresponding to 2x400G
interfaces used by a transmitter device. As shown in FIG. 6, the transmitter device performs KP4
RS(544,514) code outer-code encoding on two channels of to-be-transmitted 400GbE service data
streams to obtain a total of 32 PCS lane data streams (two channels of PCS lane data streams),
where each channel includes 16 PCS lane data streams. Every 68 consecutive symbols in each of
PCS lane data streams 0 to 15 or PCS lane data streams 16 to 31 form a total of 16*68=1088
symbols, where two RS codewords are included. Two adjacent symbols in each PCS lane data
stream are from different RS codewords, and two symbols at same positions in two adjacent PCS
lane data streams are from different RS codewords. After PMA processing, the 32 PCS lane data
streams are sent to a transmitter processing module through attachment unit interfaces
2x400GAUI-4.

[00299] Based on the foregoing schematic diagram of data processing of the transmitter
processing module shown in FIG. 3(a), the transmitter processing module performs alignment
marker lock (alignment lock) on 16 lane data streams based on known alignment markers
(Alignment markers) of PCS lanes 0 to 15 or PCS lanes 16 to 31. PCS lanes 0 to 15 may be
considered as PCS lanes 0 to 15 in a 0" channel of 400G, and PCS lanes 16 to 31 may be considered
as PCS lanes 0 to 15 in a 1% channel of 400G. Known alignment markers of the 16 lanes in a 0"
channel of 400G are the same as known alignment markers of the 16 lanes in the 1% channel of
400G. The transmitter processing module then performs lane deskewing (lane de-skew) on the 32
lane data streams to obtain 32 aligned lane data streams. Then, lane reordering (lane reorder) is
performed on data of 16 lanes based on the alignment markers of the PCS lanes 0 to 15 or the PCS
lanes 16 to 31, so that the data of the 16 lanes can be arranged in a specified sequence. Finally,
data of 32 lanes can be arranged in a specified sequence. One sequence is that the lane data streams
are sorted from 0 to 31 from top to bottom, which is the same as that shown in FIG. 6.

[00300] FIG. 7 is a schematic diagram of 32 PCS lane data streams corresponding to 4x200G
interfaces used by a transmitter device. As shown in FIG. 7, the transmitter device performs KP4
RS(544,514) code outer-code encoding on four channels of to-be-transmitted 200GbE service data
streams to obtain a total of 32 PCS lane data streams (four channels of PCS lane data streams),

where each channel includes eight PCS lane data streams. Every 136 consecutive symbols in each
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of PCS lane data streams 0 to 7, PCS lane data streams 8 to 15, PCS lane data streams 16 to 23, or
PCS lane data streams 24 to 31 form a total of 8*136=1088 symbols, where two RS codewords
are included. Two adjacent symbols in each PCS lane data stream are from different RS codewords,
and two symbols at same positions in two adjacent PCS lane data streams are from different RS
codewords. After PMA processing, the 32 PCS lane data streams are sent to a transmitter
processing module through attachment unit interfaces 4x200GAUI-2.

[00301] Based on the foregoing schematic diagram of data processing of the transmitter
processing module shown in FIG. 3(a), the transmitter processing module performs alignment
marker lock (alignment lock) on eight lane data streams based on known alignment markers
(Alignment markers) of PCS lanes 0 to 7, PCS lanes 8 to 15, PCS lanes 16 to 23, or PCS lanes 24
to 31. PCS lanes 0 to 7, PCS lanes 8 to 15, PCS lanes 16 to 23, or PCS lanes 24 to 31 herein may
be considered as PCS lanes 0 to 7 in a 0" channel, a 1% channel, a 2" channel, or a 3" channel of
200G respectively. The transmitter processing module then performs lane deskewing (lane de-
skew) on the 32 lane data streams to obtain 32 aligned lane data streams. Then, lane reordering
(lane reorder) is performed on data of eight lanes based on the alignment markers of PCS lanes 0
to 7, PCS lanes 8 to 15, PCS lanes 16 to 23, or PCS lanes 24 to 31, so that the data of the eight
lanes can be arranged in a specified sequence. Finally, data of 32 lanes can be arranged in a
specified sequence. One sequence is that the lane data streams are sorted from 0 to 31 from top to
bottom, which is the same as that shown in FIG. 7.

[00302] FIG. 8 is a schematic diagram of 32 FEC lane data streams corresponding to 8x100G
interfaces used by a transmitter device. As shown in FIG. 8, the transmitter device performs KP4
RS(544,514) code outer-code encoding on eight channels of to-be-transmitted 100GbE service
data streams to obtain a total of 32 FEC lane (FEC lane) data streams (eight channels of FEC lane
data streams), where each channel includes four FEC lane data streams. When a "100G RS-FEC-
Int" mode of two KP4 RS(544,514) codeword-based interleaving, every 272 consecutive symbols
in each of FEC lane data streams 0 to 3, FEC lane data streams 4 to 7, FEC lane data streams 8 to
11, FEC lane data streams 12 to 15, FEC lane data streams 16 to 19, FEC lane data streams 20 to
23, FEC lane data streams 24 to 27, or FEC lane data streams 28 to 31 form a total of 4*272=1088
symbols, where two RS codewords are included. Two adjacent symbols in each FEC lane data
stream are from different RS codewords, and two symbols at same positions in two adjacent FEC
lane data streams are from different RS codewords. After PMA processing, the 32 FEC lane data
streams are sent to a transmitter processing module through attachment unit interfaces
8x100GAUI-1.

[00303] FIG. 9 is another schematic diagram of 32 FEC lane data streams corresponding to
8x100G interfaces used by a transmitter device. As shown in FIG. 9, different from the scenario
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in FIG. 8, in this scenario, the transmitter device uses a 100G RS-FEC" mode, every 136 symbols
in each of FEC lane data streams 0 to 3, FEC lane data streams 4 to 7, FEC lane data streams 8 to
11, FEC lane data streams 12 to 15, FEC lane data streams 16 to 19, FEC lane data streams 20 to
23, FEC lane data streams 24 to 27, or FEC lane data streams 28 to 31 form a total of 4*136=544
symbols, where one RS codeword is included. After PMA processing, the 32 FEC lane data streams
are sent to a transmitter processing module through attachment unit interfaces 8x100GAUI-1.
[00304] Based on the foregoing schematic diagram of data processing of the transmitter
processing module shown in FIG. 3(a), the transmitter processing module performs alignment
marker lock (alignment lock) on four lane data streams based on known alignment markers
(Alignment markers) of FEC lanes 0 to 3, FEC lanes 4 to 7, FEC lanes 8 to 11, FEC lanes 12 to
15, FEC lanes 16 to 19, FEC lanes 20 to 23, FEC lanes 24 to 27, or FEC lanes 28 to 31. FEC lanes
0to 3, FEC lanes 4 to 7, FEC lanes 8 to 11, FEC lanes 12 to 15, FEC lanes 16 to 19, FEC lanes 20
to 23, FEC lanes 24 to 27, or FEC lanes 28 to 31 may be considered as FEC lanes 0 to 3 in a 0"
channel, a 1% channel, a 2" channel, a 3" channel, a 4™ channel, a 5 channel, a 6™ channel, or a
7" channel of 100G respectively. The transmitter processing module then performs lane deskewing
(lane de-skew) on the 32 lane data streams to obtain 32 aligned lane data streams. Then, lane
reordering (lane reorder) is performed on data of four lanes based on the alignment markers of
FEC lanes 0 to 3, FEC lanes 4 to 7, FEC lanes 8 to 11, FEC lanes 12 to 15, FEC lanes 16 to 19,
FEC lanes 20 to 23, FEC lanes 24 to 27, or FEC lanes 28 to 31, so that the data of the four lanes
can be arranged in a specified sequence. Finally, data of 32 lanes can be arranged in a specified
sequence. One sequence is that the lane data streams are sorted from 0 to 31 from top to bottom,
which is the same as that in FIG. 8 and FIG. 9.

[00305] FIG. 10 is a schematic flowchart of a data processing method according to an
embodiment of this application.

[00306] 1001: Separately perform convolutional interleaving on n lane data streams to obtain n
first data streams.

[00307] In this embodiment, the lane data stream may be a PCS lane data stream or an FEC
lane data stream. This is not specifically limited herein. All the n lane data streams are data streams
obtained through first FEC encoding, namely, the foregoing outer-code encoded data streams,
where n is an integer greater than 1. For example, the outer-code encoding may be performed using
RS code, and the n outer-code encoded data streams may include a plurality of RS codewords. In
actual application, another encoding scheme may be used to perform the outer-code encoding. For
ease of description, the following uses an RS codeword to represent a codeword generated through
the outer-code encoding. It should be understood that every a codewords obtained through the

outer-code encoding are distributed in b lane data streams, where a<b<n, n can be exactly divided
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by b, and a is an integer greater than or equal to 1. In different application scenarios shown in FIG.
5to FIG. 9, values of a and b may also be different. The application scenario shown in FIG. 5 is
used as an example, and n=32, a=2, and b=16, in other words, every two codewords are distributed
in 16 lane data streams. Values of a and b in application scenarios in FIG. 6 to FIG. 9 may be
deduced with reference to the accompanying drawings, and details are not described herein again.
It should be noted that, in this application, a code length of outer code is measured in symbols, and
the symbol may include one or more bits. For example, the outer code is KP4 RS(544,514) code
that is used, the code length is N=544 symbols, and one symbol includes 10 bits.

[00308] Inan example, when a=1, it indicates that interleaving is not performed on a codeword
obtained through outer-code encoding by a transmitter device 01, and the codeword is directly
distributed in the b lane data streams. As shown in FIG. 9, when a=1, interleaving is not performed
on a codeword, with N=544 symbols, obtained through outer-code KP4 encoding by the
transmitter device 01, and the codeword is directly distributed in b=4 lane data streams. The 544
symbols in one dashed box shown in FIG. 9 are from a same KP4 codeword, and N/b=544/4=136
consecutive symbols in one lane data stream in each dashed box are from the same KP4 codeword.
[00309] In another example, when a>1, it indicates that a codewords obtained through outer-
code encoding by the transmitter device 01 are first interleaved, and then distributed in the b lane
data streams. As shown in FIG. 8, a=2, two-way symbol interleaving (two-way symbol
interleaving) is first performed on two codewords, with a total of a*N=2*544=1088 symbols,
obtained through outer-code KP4 encoding by the transmitter device 01, and then two codewords
are distributed in b=4 lane data streams. One dashed box shown in FIG. 8 includes 1088 symbols
from the a=2 KP4 codewords, 2*N/b=2*544/4=272 consecutive symbols in one lane data stream
in each dashed box are from the a=2 KP4 codewords, and two adjacent symbols are from different
KP4 codewords. As shown in FIG. 5, a=2, two-way symbol interleaving is first performed on two
codewords, with a total of a*N=2*544=1088 symbols, obtained through outer-code KP4 encoding
by the transmitter device 01, and then two codewords are distributed in b=16 lane data streams.
One dashed box shown in FIG. 5 includes 1088 symbols from the a=2 KP4 codewords,
2*N/b=2*544/16=68 consecutive symbols in one lane data stream in each dashed box are from the
a=2 KP4 codewords, and two adjacent symbols are from different KP4 codewords.

[00310] It should be noted that, after the convolutional interleaving, z consecutive symbols in
each of the first data streams are from z different codewords, and z is an integer greater than 1.
The following describes a specific implementation of the convolutional interleaving.

[00311] FIG. 11 is a schematic diagram of a structure in which convolutional interleaving is
separately performed on n lane data streams according to an embodiment of this application. As
shown in FIG. 11, the convolutional interleaving may be separately performed on the n lane data
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streams via n convolution interleavers, and after the convolutional interleaving is performed on
each lane data stream, a first data stream with a disordered data sequence may be obtained. It
should be noted that, in this embodiment, each convolution interleaver performs the convolutional
interleaving on an input lane data stream in a similar manner. Specifically, each convolution
interleaver includes p delay lines, and each convolution interleaver delays the input lane data
stream based on the p delay lines to obtain the first data stream. p is an integer greater than 1, a
guantity of storage units included in each delay line is different, a delay line with a smallest
quantity of storage units includes O storage units, and a difference between quantities of storage
units of every two adjacent delay lines is Q. Each storage unit is configured to store d symbols,
where z=p*d. Symbols in each lane data stream are sequentially input to the p delay lines based
on sequence numbers of the p delay lines, d symbols are input to each delay line for a single time
and d symbols are output from the delay line for a single time, and p*d consecutive symbols in the
first data stream include the d symbols output from the delay line. Q is an integer greater than or
equal to 1, and d is an integer greater than or equal to 1. For example, the p delay lines respectively
include 0 storage units, Q storage units, 2Q storage units, ..., (p—1)Q storage units, and each storage
unit is configured to store d symbols. In this case, the p delay lines respectively correspond to p
delay values, and the delay values include 0 symbols, Qxd symbols, 2Qxd symbols, ..., (p—1)Qxd
symbols. It should be noted that, in this application, a delay value is measured in symbols, and the
symbol may include one or more bits. A larger quantity of symbols included in a delay value of a
delay line indicates a longer delay (also referred to as latency) of the delay line for a data stream.
It should be understood that when the delay line does not include a storage unit, a delay of the
delay line is 0 symbols, in other words, transparent transmission with no delay is performed.
[00312] The following describes a specific structure of the convolution interleaver with
reference to the accompanying drawings.

[00313] FIG. 12(a) is a schematic diagram of a first structure of a convolution interleaver
according to an embodiment of this application. As shown in FIG. 12(a), quantities of storage units
in p delay lines are in descending order based on sequence numbers of the p delay lines. To be
specific, delay line 0 has (p—1)Q storage units, Q storage units are sequentially reduced for each
delay line, and delay line (p—1) has 0 storage units. FIG. 12(b) is a schematic diagram of a second
structure of a convolution interleaver according to an embodiment of this application. As shown
in FIG. 12(b), quantities of storage units in p delay lines are in ascending order based on sequence
numbers of the p delay lines. To be specific, delay line 0 has 0 storage units, Q storage units are
sequentially increased for each delay line, and delay line (p—1) has (p—1)Q storage units.

[00314] Itshould be noted that, at a same moment, an input switch (switch) and an output switch
of the convolution interleaver are located on a same delay line. After d symbols are input to a
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current delay line for a single time and d symbols are output from the current delay line for a single
time, positions of the switches are updated to a next delay line, to ensure that symbols in each lane
data stream are sequentially input to the p delay lines based on sequence numbers of the p delay
lines, and p*d consecutive symbols in a first data stream include d symbols output from each delay
line. A specific data read/write operation is as follows: d symbols are read out from a storage unit
that is closest to an output port and that is on the current delay line. d symbols stored in each
storage unit that is on the current delay line are transferred to a next storage unit. Then, d symbols
are written into a storage unit that is closest to an input port and that is on the current delay line.
Then, switching to a next delay line is performed and the foregoing operations are repeated, and
the rest can be deduced by analogy. In a possible implementation, if the convolution interleaver
shown in FIG. 12(a) is used, a parameter of the convolution interleaver is to satisfy that
d(p*Q+ 1) = a=*N/b, where N is a length of a codeword, so that p*d consecutive symbols in
the first data stream output by the convolution interleaver are from p*d different outer-code
codewords, where d<a. In another possible implementation, if the convolution interleaver shown
in FIG. 12(b) is used, a parameter of the convolution interleaver is to satisfy that d(p*Q — 1) >
a* N/b, where N is a length of a codeword, so that p*d consecutive symbols in the first data
stream output by the convolution interleaver are from p*d different outer-code codewords, where
d<a.

[00315] It should be understood that when same parameters p, Q, and d are used, convolutional
interleaving in FIG. 12(a) and convolutional interleaving in FIG. 12(b) are reverse operations of
each other. In other words, when a transmitter processing module uses the convolutional
interleaving structure shown in FIG. 12(a), convolutional de-interleaving corresponding to a
receiver processing module uses the structure shown in FIG. 12(b). Similarly, when a transmitter
processing module uses the convolutional interleaving structure shown in FIG. 12(b),
convolutional de-interleaving corresponding to a receiver processing module uses the structure
shown in FIG. 12(a).

[00316] It should be further understood that any one of n convolution interleavers may use the
structure shown in FIG. 12(a) or FIG. 12(b). In actual application, the n convolution interleavers
may all use the structure shown in FIG. 12(a); the n convolution interleavers may all use the
structure shown in FIG. 12(b); or some convolution interleavers may use the structure shown in
FIG. 12(a), and the remaining convolution interleavers use the structure shown in FIG. 12(b).
[00317] It should be noted that, in some specific application scenarios, n=32 is used as an
example, a value of p may be 2, 3, 4, 6, or 8, and a value of d may be 1 or 2.

[00318] For ease of description, the following embodiments related to convolutional

interleaving are described by using an example in which the n convolution interleavers all use the
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structure shown in FIG. 12(a). Certainly, the example may be simply extended to another structure
listed above, specific implementation thereof may be known to a person of ordinary skill in the art,
and details are not described herein.

[00319] In some possible implementations, before the convolutional interleaving is separately
performed on the n lane data streams to obtain the n first data streams, lane reordering may be
further performed on the n lane data streams, so that the n data streams are arranged in a preset
sequence. The 32 data streams are used as an example. The 32 data streams may be sorted from 0
to 31 from top to bottom. Certainly, the example may be simply extended to sorting in another
sequence, specific implementation thereof may be known to a person of ordinary skill in the art,
and details are not described herein.

[00320] In some possible implementations, before the convolutional interleaving is separately
performed on the n lane data streams to obtain the n first data streams, lane data alignment may be
further performed on the n lane data streams. The lane data alignment may be lane deskewing (lane
de-skew) defined in an existing standard, so that data of n lane data streams output through the
lane data alignment is completely aligned. Alternatively, the foregoing "lane data alignment” may
be merely lane symbol alignment, so that data of n lane data streams output through the lane data
alignment is aligned based on an outer-code symbol. Specifically, the data may be aligned based
on one outer-code symbol, or may be aligned based on a plurality of outer-code symbols. For
detailed descriptions of the lane data alignment, refer to related descriptions of FIG. 3(e). Details
are not described herein.

[00321] 1002: Multiplex every K first data streams of the n first data streams to obtain one
second data stream, so as to obtain a total of m second data streams.

[00322] FIG. 13 is a schematic diagram of a structure in which multiplexing is performed on n
first data streams according to an embodiment of this application. As shown in FIG. 13, m
multiplexers may be used to perform multiplexing. Specifically, every K first data streams in the
n first data streams are input into one multiplexer, and the multiplexer outputs one second data
stream. The m multiplexers output a total of m second data streams, where m=n/K, and K is an
integer greater than 1. For ease of description, in this embodiment of this application, an example
in which an integer n can be exactly divided by K is used for description. It should be noted that
the n first data streams include G first data stream subsets, G is an integer greater than 1, and
symbols in different first data stream subsets are from different codewords. In a possible
implementation, if K<G, one first data stream is selected from each of any K first data stream
subsets, in other words, the K first data streams input into one multiplexer are respectively from
the K first data stream subsets. In another possible implementation, if K>G, K/G first data streams
are selected from each first data stream subset, in other words, the K first data streams input into
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one multiplexer include the K/G first data streams that are in each first data stream subset. For
example, if n=32, G=2, K=4, and m=8, because K>G, two first data streams need to be selected
from each of two first data stream subsets, to obtain four first data streams input into the
multiplexer. For another example, if n=32, G=4, K=2, and m=8, because K<G, two first data
stream subsets need to be selected from four first data stream subsets, and one first data stream
needs to be selected from each of the two first data stream subsets, to obtain two first data streams
input into the multiplexer.

[00323] It should be noted that, in some specific application scenarios, n=32 is used as an
example, and a value of K may be 2, 4, or 8.

[00324] It should be understood that the first data stream subset is merely a concept introduced
for ease of description. In actual application, the n first data streams are an entirety without division,
and each first data stream subset may be considered as one or more data streams in the n first data
streams.

[00325] It should be noted that, because z consecutive symbols in each first data stream
participating in the multiplexing are from z different codewords, y consecutive symbols in each
second data stream obtained through the multiplexing are from y different codewords, where y>z.
In a possible implementation, if K<G, y=K*z. In another possible implementation, if K>G, y=G*z.
[00326] The following describes a specific implementation of the multiplexing. For ease of
description, in the following, the K first data streams input into the multiplexer are denoted as
multiplexing input data stream 0, multiplexing input data stream 1, multiplexing input data stream
2, ..., multiplexing input data stream (K-1).

[00327] FIG. 14 is a schematic diagram of a first structure of a multiplexer according to an

embodiment of this application. As shown in FIG. 14, Cf* indicates consecutive A symbols in

multiplexing input data stream j, and the A symbols are from A different outer-code codewords,
where 0 <j <K—1,andifK<G, A isadivisor of z; or if K>G, A=z. C?, C},...,C}" indicate
consecutive A-W RS symbols in multiplexing input data stream j. It should be noted that a
second data stream output by the multiplexer includes a plurality of second data stream symbol
subsets, each second data stream symbol subset includes K groups of symbols, and each group of
symbols includes A symbols. In addition, two adjacent groups of symbols in each second data
stream symbol subset are from different first data stream subsets. Specifically, a j™ group of
symbols in the second data stream symbol subset is from a j" of K multiplexing input data streams,
where 0<j<K-1. It should be noted that, if K>G, two adjacent multiplexing input data streams in
the K multiplexing input data streams are from different first data stream subsets. Further, it should
be noted that if K>G, every G consecutive multiplexing input data streams are from different first

data stream subsets.
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[00328] It should be noted that, because two adjacent groups of symbols in each second data
stream symbol subset are from different first data stream subsets, y consecutive symbols in the
second data stream obtained through the multiplexing are from y different codewords, where y>z
(y=K*z or y=G*z). It should be understood that, when only convolutional interleaving is
performed, to implement a case in which the y consecutive symbols in the output data stream are
from y different codewords, a long latency is required. In this solution, while duration of the
convolutional interleaving is reduced, equivalent performance can still be achieved by combining
the convolutional interleaving and the multiplexing. In addition, duration of the multiplexing is
short, and equivalent performance can be achieved with a shorter latency by combining the
convolutional interleaving and the multiplexing.

[00329] It should be understood that the second data stream symbol subset is merely a concept
introduced for ease of description. In actual application, symbols in the second data stream are an
entirety without division, and each second data stream symbol subset may be considered as a
plurality of symbols in the second data stream.

[00330] FIG. 14 is used as an example. C3, C?,..., C_, are denoted as a 0" second data
stream symbol subset, C§, C1,...,Ck_, are denoted as a 1% second data stream symbol subset, ...,
C¥, CV, ..., C¥_, aredenoted asa W' second data stream symbol subset. A 0" second data stream
symbol subset is used as an example, CJ represents A symbols in a 0" group, C? represents A
symbols in a 1% group, ..., C%_, represents A symbols in a (K-1)" group. It can be learned that
CY is from multiplexing input data stream 0, C? is from multiplexing input data stream 1, ...,
CY_, is from multiplexing input data stream (K-1). It should be understood that, assuming that
A= z, z consecutive symbols in CJ are from z different codewords, z consecutive symbols in CY
are from z different codewords, .... To implement a case in which y consecutive symbols in the
second data stream obtained through the multiplexing are from y different codewords, where y>z,
Cd and CY are to be from different first data stream subsets, in other words, multiplexing input
data stream O and multiplexing input data stream 1 are from different first data stream subsets.
Similarly, C? and C? are to be from different first data stream subsets, in other words,
multiplexing input data stream 1 and multiplexing input data stream 2 are from different first data
stream subsets, and so on. In this way, every 2*z consecutive symbols in the second data stream
obtained through the multiplexing are from 2*z different outer-code codewords. It should be noted
that, if K>G, every G consecutive multiplexing input data streams are from different first data
stream subsets. Specifically, multiplexing input data stream 0 to multiplexing input data stream
(G-1) are from different first data stream subsets, multiplexing input data stream G and
multiplexing input data stream (2*G-1) are from different first data stream subsets, and so on. In

this way, every G*z consecutive symbols in the second data obtained through the multiplexing are
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from G*z different outer-code codewords.

[00331] In other words, in the foregoing manner, the multiplexer outputs data in the K input
data streams to one second data stream in a polling manner per A symbols, in other words,
sequentially outputs A symbols from each of multiplexing input data stream 0 to multiplexing
input data stream (K-1) to generate the second data stream, and a data sequence corresponding to
the second data stream is CJ, C?,..,C%_,, C&, C}, .., C&_,, ..., C¥, CV,...,C¥_,, .... When
K<G, K first data streams selected from first data stream subsets may correspond to multiplexing
input data stream 0 to multiplexing input data stream (K-1) of the multiplexer in any sequence,
A is a divisor of z, and any K*z consecutive symbols in the second data stream obtained through
multiplexing and output are from different outer-code codewords. When K>G, the K first data
streams selected from first data stream subsets need to correspond to multiplexing input data
stream 0 to multiplexing input data stream (K-1) of the multiplexer according to a specific rule.
The specific rule is that every G consecutive multiplexing input data streams of the multiplexer
are from different first data stream subsets. In a specific manner, multiplexing input data stream
i*G to multiplexing input data stream (i*G+G-1) are from first data stream subset O to first data
stream subset (G-1) respectively, where 0 <i < K/G. In this way, every G*z consecutive
symbols in the second data stream output by the multiplexer may be from different outer-code
codewords.

[00332] 1003: Separately perform second FEC encoding on the m second data streams to obtain
encoded data streams.

[00333] FIG. 15 is a schematic diagram of a structure in which FEC encoding is performed on
m second data streams according to an embodiment of this application. As shown in FIG. 15,
second FEC encoding, namely, inner-code encoding mentioned above, is separately performed on
the m second data streams, and a length of an information bit of the inner-code encoding is less
than or equal to y RS symbols. After data processing is performed on inner-code encoded data
streams, data processed data streams are sent to a channel transmission medium for transmission.
The data processing may include modulation and mapping (mapping), channel interleaving
(channel interleaving), polarization distribution (polarization distribution), DSP framing (framing),
and the like. For example, the inner-code encoded data streams may be interleaved and then
transmitted, so as to improve a capability of a system to resist a burst error.

[00334] In embodiments of this application, all n lane data streams are outer-code encoded
codeword streams. Convolutional interleaving is separately performed on the n data streams, data
stream multiplexing is performed on n data streams on which the convolutional interleaving is
performed, to obtain m second data streams, and then the inner-code encoding is performed.

According to the data interleaving and multiplexing processing solution provided in this
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application, the following case can be implemented with a short latency: A plurality of symbols
consecutively output from m multiplex data streams are from a plurality of different outer-code
codewords, so that a concatenated FEC solution helps reduce the data interleaving latency while
ensuring good performance. In other words, in this application, a solution of a combination of
convolutional interleaving and data multiplexing enables the overall latency of the concatenated
FEC solution to be low, and is more applicable to an application scenario requiring a low latency.
[00335] The following further describes, with reference to some specific embodiments, a
procedure of the data processing method described in FIG. 10.

[00336] Embodiment 1: An application scenario is a 1x800G interface, an information bit
length of inner-code encoding is 120 bits, a 2:1, 4:1, or 8:1 multiplexer is used, and lane deskewing
IS used.

[00337] Based on the foregoing schematic diagram of data processing of the transmitter
processing module shown in FIG. 3(a), the transmitter processing module performs alignment
marker lock (alignment lock) on lane data streams based on known alignment markers (Alignment
markers) of PCS lanes. Known alignment markers of 32 lanes are different (refer to "Ethernet
Technology Consortium 800G Specification™). The transmitter processing module then performs
lane deskewing (lane de-skew) on 32 lane data streams to obtain 32 completely aligned lane data
streams. Then, lane reordering (lane reorder) is performed on data of the n=32 lanes based on the
alignment markers, so that the data of the n=32 lanes can be arranged in a specified sequence. One
sequence is that the lane data streams are sorted from 0 to 31 from top to bottom, which is the
same as that in FIG. 5.

[00338] The n=32 lane data streams on which the lane reordering is performed are sent to a
designed processor including convolutional interleaving and multiplexing, for convolutional
interleaving and multiplexing, and then are sent to an inner-code encoder for inner-code encoding.
After data processing is performed on inner-code encoded data streams, data processed data
streams are sent to a channel transmission medium for transmission. The data processing may
include modulation and mapping (mapping), channel interleaving (channel interleaving),
polarization distribution (polarization distribution), DSP framing (framing), and the like.

[00339] In this embodiment, the structure shown in FIG. 11 is used for the convolutional
interleaving, and the convolutional interleaving is separately performed on n=32 PCS lane data
streams to obtain n=32 first data streams. Convolution interleaver 0, convolution interleaver 1,
convolution interleaver 2, ..., convolution interleaver 31 use a same interleaving structure.
[00340] FIG. 16(a) is a schematic diagram of a third structure of a convolution interleaver
according to an embodiment of this application. As shown in FIG. 16(a), p=3 delay lines (delay
lines) are included. The p=3 delay lines respectively include 2Q storage units, Q storage units, and
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0 storage units, and each storage unit is configured to store d=2 symbols. In other words, a delay
value of delay line 0 is 4Q symbols, a delay value of delay line 1 is 2Q symbols, and a delay value
of delay line 2 is 0 symbols, that is, no delay.

[00341] AsshowninFIG. 16(a), C.(.) represents one RS symbol in lane data stream r (where
0<r<n-—1). For example, C.(6t) and C.(6t+1) represent two RS symbols that are
currently input into delay line 0 and that are in lane data stream r, and C.(6t-12Q) and
C-(6t-12Q+1) are two RS symbols output from delay line 0; C.(6t+2) and C.(6t+3) represent
two RS symbols that are subsequently input into delay line 1 and that are in the lane data stream,
and C.(6t-6Q+2) and C.(6t-6Q+3) are two RS symbols output from delay line 1; C.(6t+4)
and C.(6t+5) represent two RS symbols that are subsequently input into delay line 2 and that
are in the lane data stream, and C.(6t+4) and C.(6t+5) are two RS symbols output from delay
line 2; C.(6t+6) and C.(6t+7) represent two RS symbols that are then subsequently input into
delay line 0 and that are in the lane data stream, and C.(6t-12Q+6) and C.(6t-12Q+7) are
two RS symbols output from delay line 0; and so on. With reference to FIG. 5, it can be seen that
when 6Q + 2 = 68, that is, Q > 11, a total of six RS symbols C.(6t-12Q), C.(6t-12Q+1),
C.(6t-6Q+2), C.(6t-6Q+3), C.(6t+4), and C.(6t+5) output through the convolutional
interleaving are from six different RS codewords.

[00342] FIG. 16(b) is a schematic diagram of a fourth structure of a convolution interleaver
according to an embodiment of this application. As shown in FIG. 16(b), in a possible
implementation, that Q = 11 is selected, and a specific structure of the convolution interleaver is
shown in FIG. 16(b). An interleaving latency corresponding to the convolution interleaver is
approximately 22*2*3/2=66 RS symbols. The convolution interleaver shown in FIG. 16(b)
separately performs convolutional interleaving on 32 PCS lane data streams to obtain 32 first data
streams. Refer to the PCS lane data streams shown in FIG. 5. It is not difficult to understand that
any RS symbol in first data streams 0 to 15 and any RS symbol in first data streams 16 to 31 are
from different RS codewords. Therefore, the 32 first data streams include G=2 first data stream
subsets, first data streams 0 to 15 are first data stream subset 0, and first data streams 16 to 31 are
first data stream subset 1. With reference to FIG. 16(a), it is not difficult to understand that a total
of 12 RS symbols (six output symbols C, ¢(6t-12Q), C ¢(6t-12Q+1), C. o(6t-6Q+2),
Cr 0(6t-6Q+3), C.o(6t+4), and C, o(6t+5) that are of any data stream r_0 in first data
stream subset 0 and six output symbols C.(6t-12Q), C,(6t-12Q+1), C, 1(6t-6Q+2),
Cr 1(6t-6Q+3), C.,(6t+4), and C,,(6t+5) that are of any data stream r_1 in first data
stream subset 1) are from 12 different RS codewords.

[00343] In this embodiment, a possible implementation of the multiplexing shown in FIG. 13
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is as follows: G=2, K=2, and m=16. 16 second data streams are generated, and 16 2:1 multiplexing
processing modules are included. Any first data stream selected from first data stream subset 0 and
any first data stream selected from first data stream subset 1 are used as inputs of a 2:1 multiplexer.
[00344] FIG. 17(a) is a schematic diagram of a second structure of a multiplexer according to
an embodiment of this application. As shown in FIG. 17(a), two input data streams of a 2:1
multiplexer i (where 0 <i < 15) are first data stream i and first data stream (i + 16). In the

figure, Cj indicates consecutive A= 6 RS symbols in multiplexing input data stream j of the 2:1

multiplexer, and the RS symbols are from 6 different outer-code RS codewords. The 2:1
multiplexer outputs data in the two input data streams to an output data stream in a polling manner
per 6 RS symbols, that is, an output data sequence is C3, C?,C3, Ci, ..., C¥, C¥, ... It should
be noted that because K=G=2, when A= 1,2, or 3, 12 consecutive RS symbols in the data stream
output by the multiplexer can be from 12 different RS codewords.

[00345] Another possible implementation of the multiplexing shown in FIG. 13 in this
embodiment is as follows: G=2, K=4, m=8, eight second data streams are generated, and eight 4:1
multiplexers are included. Any two first data streams selected from first data stream subset 0 and
any two first data streams selected from first data stream subset 1 are used as inputs of the 4:1
multiplexer.

[00346] FIG. 17(b) is a schematic diagram of a third structure of a multiplexer according to an
embodiment of this application. As shown in FIG. 17(b), multiplexing input data stream O,
multiplexing input data stream 1, multiplexing input data stream 2, and multiplexing input data
stream 3 of a 4:1 multiplexer i (where 0 <i < 7) respectively correspond to first data stream i,
first data stream (i + 16), first data stream (i + 8), and first data stream (i + 24), that is, any two
consecutive multiplexing input data streams of the multiplexer are from different first data stream

subsets. In the figure, C* indicates A= 6 consecutive RS symbols in multiplexing input data

stream j (where 0 < j < 3) of the 4:1 multiplexer, and the symbols are from 6 different outer-
code RS codewords. The 4:1 multiplexer outputs data in the four input data streams to an output
data stream in a polling manner per 6 RS symbols, that is, an output data sequence is C3, C?,
c9, ¢3, ¢, ci,cicl, .. ey, cv,cy, CY, ... 12 consecutive RS symbols in the output data
stream are from 12 different RS codewords.

[00347] Another possible implementation of the multiplexing shown in FIG. 13 in this
embodiment is as follows: G=2, K=8, m=4, four second data streams are generated, and four 8:1
multiplexers are included. Any four first data streams selected from first data stream subset 0 and
any four first data streams selected from first data stream subset 1 are used as inputs of the 8:1
multiplexer.

[00348] FIG. 17(c) is a schematic diagram of a fourth structure of a multiplexer according to an
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embodiment of this application. As shown in FIG. 17(c), multiplexing input data streams O to 7 of
an 8:1 multiplexer i (where 0 <i < 3) respectively correspond to first data stream i, first data
stream (i + 16), first data stream (i + 8), first data stream (i + 24), first data stream (i + 4), first
data stream (i + 20), first data stream (i + 12), and first data stream (i + 28), that is, any two
consecutive multiplexing input data streams of the multiplexer are from different first data stream
subsets. It should be noted that, multiplexing input data streams 0 to 7 of the 8:1 multiplexer i
(where 0 <i < 3) may alternatively respectively correspond to first data stream i, first data
stream (i + 16), first data stream (i + 4), first data stream (i 4+ 20), first data stream (i + 8), first
data stream (i + 24), first data stream (i + 12), and first data stream (i + 28), that is, any two
consecutive multiplexing input data streams of the multiplexer are from different first data stream

subsets. In the figure, Cf° indicates consecutive A= 6 RS symbols in multiplexing input data

stream j (where 0 <j < 7) of the 8:1 multiplexer, and the symbols are from 6 different outer-
code RS codewords. The 8:1 multiplexer outputs data in the eight input data streams to an output
data stream in a polling manner per 6 RS symbols, that is, an output data sequence is C3, C?,
.,C2, cY, ct, cl, .., cicl .., cy, Yy, ..,CY, CY, ... 12 consecutive RS symbols in the
output data stream are from 12 different RS codewords.

[00349] The inner-code encoding is separately performed on the 16 second data streams, the
eight second data streams, or the four second data streams, and the information bit length of the
inner-code encoding is 120 bits. Specifically, an inner-code encoder separately adds redundancy
to a total of 120 bits in 12 consecutive RS symbols in each second data stream, to obtain an inner-
code codeword data stream. In a possible implementation, the inner-code encoding is performed
by using Hamming(128,120), and 8-bit redundancy is added to a total of 120 bits in 12 consecutive
RS symbols in each second data stream, to obtain a 128-bit codeword. In another possible
implementation, the inner-code encoding is performed by using BCH(136,120), and 16-bit
redundancy is added to a total of 120 bits in 12 consecutive RS symbols in each second data stream,
to obtain a 136-bit codeword.

[00350] After data processing is performed on inner-code encoded data streams, data processed
data streams to a channel transmission medium for transmission. The data processing may include
modulation and mapping (mapping), channel interleaving (channel interleaving), polarization
distribution (polarization distribution), DSP framing (framing), and the like. For example, the
inner-code encoded data streams may be interleaved, so as to improve a capability of a system to
resist a burst error.

[00351] By using the data interleaving and encoding scheme in Embodiment 1, concatenated
code of KP4 RS(544,514)+Hamming(128,120) in the scheme is under AWGN, a corresponding

pre-FEC BER for implementing a post-FEC bit error rate BER of 1E-15 is approximately 4.5E—
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3, and performance approximates optimal performance of a concatenated FEC scheme.

[00352] Embodiment 2: An application scenario is a 1x800G interface, an information bit
length of inner-code encoding is 120 bits, a 2:1, 4:1, or 8:1 multiplexer is used, and lane symbol
alignment is used.

[00353] A main difference between Embodiment 2 and Embodiment 1 lies in that, in
Embodiment 2, 32 aligned lane data streams are obtained through alignment based on two RS
symbols.

[00354] Specifically, based on the foregoing schematic diagram of data processing of the
transmitter processing module shown in FIG. 3(a), the transmitter processing module performs
alignment marker lock (alignment lock) on lane data streams based on known alignment markers
(Alignment markers) of PCS lanes. Then, the transmitter processing module performs alignment
on the 32 lane data streams based on two RS symbols to obtain the 32 aligned lane data streams.
Then, lane reordering (lane reorder) is performed on data of the 32 lanes based on the alignment
markers, so that the data of the 32 lanes can be arranged in a specified sequence. One arrangement
sequence is that the lane data streams are sorted from O to 31 from top to bottom, which is the
same as that in FIG. 3(a). Another arrangement sequence is that in the 32 lanes output through
"lane reordering” from top to bottom, the first 16 lane data streams include PCS lane data streams
0 to 15, and the second 16 lanes include PCS lane data streams 16 to 31. It should be understood
that, in this case, a specific sequence of the first 16 lane data streams is not limited, and a specific
sequence of the second 16 lane data streams is not limited either. That is, lane data stream i in
FIG. 3(a) does not necessarily correspond to PCS lane data stream 1.

[00355] The 32 lane data streams on which the lane reordering is performed are sent to a
designed processor including convolutional interleaving and multiplexing, for interleaving and
data sequence disordering, and then are sent to an inner-code encoder for inner-code encoding.
After data processing is performed on inner-code encoded data streams, data processed data
streams are sent to a channel transmission medium for transmission. It should be understood that,
the convolutional interleaving and the multiplexing and the inner-code encoding scheme used in
this embodiment all use the solutions in Embodiment 1.

[00356] By using the data interleaving and encoding scheme in Embodiment 2, concatenated
code of KP4 RS(544,514)+Hamming(128,120) in the scheme is under AWGN, a corresponding
pre-FEC BER for implementing a post-FEC bit error rate BER of 1E-15 is approximately 4.5E—
3, performance is equivalent to that of the solution in Embodiment 1, and an overall latency is
lower. However, compared with the solution in Embodiment 1, the solution in Embodiment 2 is
poor in resisting a system burst error. This solution is applicable to some scenarios that require a

lower latency.
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[00357] Embodiment 3: An application scenario is a 1x800G interface, an information bit
length of inner-code encoding is 160 bits, a 2:1, 4:1, or 8:1 multiplexer is used, and lane deskewing
IS used.

[00358] Based on Embodiment 1, in this embodiment, inner code with a code length of 160 bits
is considered, and a newly designed convolution interleaver is correspondingly used.

[00359] In this embodiment, the structure shown in FIG. 11 is used for the convolutional
interleaving, and the convolutional interleaving is separately performed on n=32 PCS lane data
streams to obtain n=32 first data streams. Convolution interleaver 0, convolution interleaver 1,
convolution interleaver 2, ..., convolution interleaver 31 use a same interleaving structure.
[00360] FIG. 18(a) is a schematic diagram of a fifth structure of a convolution interleaver
according to an embodiment of this application. As shown in FIG. 18(a), p=4 delay lines (delay
lines) are included. The four delay lines respectively include 3Q storage units, 2Q storage units, Q
storage units, and 0 storage units, and each storage unit is configured to store d=2 symbols. In
other words, a delay value of delay line 0 is 6Q symbols, a delay value of delay line 1 is 4Q
symbols, a delay value of delay line 2 is 2Q symbols, and a delay value of delay line 3 is 0 symbols,
that is, no delay.

[00361] AsshowninFIG. 18(a), C.(.) represents one RS symbol in lane data stream r (where
0<r<n-—1). For example, C.(8t) and C.(8t+1) represent two RS symbols that are
currently input into delay line 0 and that are in the lane data stream r, and C.(8t-24Q) and
C-(8t-24Q+1) are two RS symbols output from delay line 0; C.(8t+2) and C.(8t+3)
represent two RS symbols that are subsequently input into delay line 1 and that are in the lane data
stream, and C.(8t-16Q+2) and C.(8t-16Q+3) are two RS symbols output from delay line 1;
C-(8t+4) and C.(8t+5) represent two RS symbols that are subsequently input into delay line 2
and that are in the lane data stream, and C.(8t-8Q+4) and C,(8t-8Q+5) are two RS symbols
output from delay line 2; C.(8t+6) and C.(8t+7) represent two RS symbols that are then
subsequently input into delay line 3 and that are in the lane data stream, and C.(8t+6) and
C.(8t+7) are two RS symbols output from delay line 3; and so on. With reference to FIG. 5, it
can be seen that when 8Q+ 2> 68, that is, Q =9, a total of eight RS symbols,
C.(8t — 24Q), C.(8t — 24Q + 1), C,(8t — 16Q + 2),C.(8t — 16Q + 3), C.(8t — 8Q +
4),C.(8t—8Q +5),C.(8t+ 6),and C.(8t + 7), output through the convolutional interleaving
are from eight different RS codewords.

[00362] FIG. 18(b) is a schematic diagram of a sixth structure of a convolution interleaver
according to an embodiment of this application. As shown in FIG. 18(b), in a possible
implementation, that Q =9 s selected, and a specific structure of the convolution interleaver is
shown in FIG. 18(b). An interleaving latency corresponding to the convolution interleaver is
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approximately 27*2*4/2=108 RS symbols. The convolution interleaver shown in FIG. 18(b)
separately performs convolutional interleaving on 32 PCS lane data streams to obtain 32 first data
streams. Refer to the PCS lane data streams shown in FIG. 5. It is not difficult to understand that
any RS symbol in first data streams 0 to 15 and any RS symbol in first data streams 16 to 31 are
from different RS codewords. Therefore, the 32 first data streams include G=2 first data stream
subsets, first data streams 0 to 15 are first data stream subset O, and first data streams 16 to 31 are
first data stream subset 1. With reference to FIG. 18(a), it is not difficult to understand that, a total
of 16 RS symbols (eight output symbols C ((8t-24Q), C; c(8t-24Q+1), C, ((8t-16Q+2),
Cr 0(8t-16Q+3), C; o(8t-8Q+4), C, ((8t-8Q+5), C; o(8t+6), and C, ,(8t+7) that are of
any data stream r_0 in first data stream subset 0 and eight output symbols Cr_1(8t—24Q),
C; 1(8t-24Q+1), C.,(8t-16Q+2), C,,(8t-16Q+3), C. (8t—8Q+4), C,(8t-8Q+5),
C; 1(8t+6), and C; ,(8t+7) that are of any data stream r_1 in first data stream subset 1) are
from 16 different RS codewords.

[00363] In this embodiment, a possible implementation of the multiplexing shown in FIG. 13
is as follows: G=2, K=2, and m=16. 16 second data streams are generated, and 16 2:1 multiplexing
processing modules are included. Any first data stream selected from first data stream subset 0 and
any first data stream selected from first data stream subset 1 are used as inputs of a 2:1 multiplexer.
A corresponding specific implementation of the 2:1 multiplexer is shown in FIG. 17(a). Two input
data streams of 2:1 multiplexer i (where 0 <1i < 15)are first data stream i and first data stream

(i+ 16). In the figure, Cf° indicates consecutive A= 8 RS symbols in multiplexing input data

stream j (where 0 <j < 1) of the 2:1 multiplexer, and the symbols are from 8 different outer-
code RS codewords. The 2:1 multiplexer outputs data in the two input data streams to an output
data stream in a polling manner per 8 RS symbols, that is, an output data sequence is C3, C?,C3,
ci, ..., C¥, CY¥, ... 16 consecutive RS symbols in the output data stream are from 16 different RS
codewords. It should be noted that because K=G=2, when A= 1,2,or 4, 16 consecutive RS
symbols in the data stream output by the multiplexer can be from 16 different RS codewords.

[00364] Inthis embodiment, another possible implementation of the multiplexing shown in FIG.
13 is as follows: G=2, K=4, and m=8. Eight second data streams are generated, and eight 4:1
multiplexers are included. Any two first data streams selected from first data stream subset 0 and
any two first data streams selected from first data stream subset 1 are used as inputs of the 4:1
multiplexer. A corresponding specific implementation of the 4:1 multiplexer is shown in FIG.
17(b). Multiplexing input data stream 0, multiplexing input data stream 1, multiplexing input data
stream 2, and multiplexing input data stream 3 of the 4:1 multiplexer i (where 0 <i<7)

respectively correspond to first data stream i, first data stream (i + 16), first data stream (i + 8),
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and first data stream (i + 24), that is, any two pieces of consecutive multiplexing input data of the

multiplexer are from different first data symbol subsets. In the figure, C° indicates consecutive

A= 8 RS symbols in multiplexing input data stream j (where 0 < j < 3) of the 4:1 multiplexer,
and the symbols are from 8 different outer-code RS codewords. The 4:1 multiplexer outputs data
in the four input data streams to an output data stream in a polling manner per 8 RS symbols, that
is, an output data sequence is CJ, C¥, c9, C2, ¢}, ci,cicl, .., cy, cv,Ccy, Cc¥, ... 16
consecutive RS symbols in the output data stream are from 16 different RS codewords.

[00365] Another possible implementation of the multiplexing shown in FIG. 13 in this
embodiment is as follows: G=2, K=8, m=4, four second data streams are generated, and four 8:1
multiplexers are included. Any four first data streams selected from first data stream subset 0 and
any four first data streams selected from first data stream subset 1 are used as inputs of the 8:1
multiplexer. A corresponding specific implementation of the 8:1 multiplexer is shown in FIG. 17(c).
Multiplexing input data streams 0 to 7 of 8:1 multiplexer i (where 0 <i < 3) respectively
correspond to first data stream i, first data stream (i + 16), first data stream (i + 4), first data
stream (i + 20), first data stream (i + 8), first data stream (i + 24), first data stream (i + 12), and

first data stream (i+28). In the figure, Cf indicates consecutive A=8 RS symbols in

multiplexing input data stream j (where 0 <j < 7) of the 8:1 multiplexer, and the symbols are
from 8 different outer-code RS codewords. The 8:1 multiplexer outputs data in the eight input
data streams to an output data stream in a polling manner per 8 RS symbols, that is, an output
data sequence is CJ, C?, €9, C2, c2, c?, c?, c?, ¢}, c},cicl ciciclcl, ...y, cv,cy,
CY¥’, ....16 consecutive RS symbols in the output data stream are from 16 different RS codewords.
[00366] The inner-code encoding is separately performed on the 16 second data streams, the
eight second data streams, or the four second data streams, and the information bit length of the
inner-code encoding is 160 bits. Specifically, an inner-code encoder separately adds redundancy
to a total of 160 bits in 16 consecutive RS symbols in the second data stream, to obtain an inner-
code codeword data stream. In a possible implementation, inner-code encoding is performed by
using Hamming(170,160), and 10-bit redundancy is added to a total of 160 bits in 16 consecutive
RS symbols in each second data stream, to obtain a 170-bit codeword. In another possible
implementation, inner-code encoding is performed by using BCH(176,160), and 16-bit
redundancy is added to a total of 160 bits in 16 consecutive RS symbols in each second data stream,
to obtain a 176-bit codeword. After data processing is performed on inner-code encoded data
streams, data processed data streams are sent to a channel transmission medium for transmission.
[00367] By using the data interleaving and encoding scheme in this embodiment, when

Hamming(170,160) is used as inner code, concatenated code of KP4
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RS(544,514)+Hamming(170,160) in the scheme is under AWGN, a corresponding pre-FEC BER
for implementing a post-FEC bit error rate BER of 1E-15 is approximately 4.3E-3, and
performance approximates to optimal performance of the concatenated FEC scheme. When the
inner code uses BCH(176,160), concatenated code of KP4 RS(544,514)+BCH(176,160) in the
scheme is under AWGN, a corresponding pre-FEC BER for implementing a post-FEC bit error
rate BER of 1E-15 is approximately 8.3E-3, and performance approximates to optimal
performance of the concatenated FEC scheme.

[00368] Embodiment 4: An application scenario is a 1x800G interface, an information bit
length of inner-code encoding is 160 bits, a 2:1, 4:1, or 8:1 multiplexer is used, and lane symbol
alignment is used.

[00369] A main difference between Embodiment 4 and Embodiment 3 lies in that, in
Embodiment 4, 32 aligned lane data streams are obtained through alignment based on two RS
symbols.

[00370] Specifically, based on the foregoing schematic diagram of data processing of the
transmitter processing module shown in FIG. 3(a), the transmitter processing module performs
alignment marker lock (alignment lock) on lane data streams based on known alignment markers
(Alignment markers) of PCS lanes. Then, the transmitter processing module performs alignment
on the 32 lane data streams based on two RS symbols to obtain 32 aligned lane data streams. Then,
lane reordering (lane reorder) is performed on data of the 32 lanes based on the alignment markers,
so that the data of the 32 lanes can be arranged in a specified sequence. One arrangement sequence
is that the lane data streams are sorted from 0 to 31 from top to bottom, which is the same as that
in FIG. 3(a). Another arrangement sequence is that in the 32 lanes output through "lane reordering"
from top to bottom, the first 16 lane data streams include PCS lane data streams 0 to 15, and the
second 16 lanes include PCS lane data streams 16 to 31. It should be understood that, in this case,
a specific sequence of the first 16 lane data streams is not limited, and a specific sequence of the
second 16 lane data streams is not limited either. That is, lane data stream i in FIG. 3(a) does not
necessarily correspond to PCS lane data stream 1.

[00371] The 32 lane data streams on which the lane reordering is performed are sent to a
designed processor including convolutional interleaving and multiplexing, for interleaving and
data sequence disordering, and then are sent to an inner-code encoder for inner-code encoding.
After data processing is performed on inner-code encoded data streams, data processed data
streams are sent to a channel transmission medium for transmission. It should be understood that,
the convolutional interleaving and the multiplexing and the inner-code encoding scheme used in
this embodiment all use the solutions in Embodiment 3.

[00372] By using the data interleaving and encoding scheme in Embodiment 4, concatenated
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code of KP4 RS(544,514)+Hamming(160,120) in the scheme is under AWGN, a corresponding
pre-FEC BER for implementing a post-FEC bit error rate BER of 1E-15 is approximately 4.5E—
3, performance is equivalent to that of the solution in Embodiment 3, and an overall latency is
lower. However, compared with the solution in Embodiment 3, the solution in Embodiment 4 is
poor in resisting a system burst error. This solution is applicable to some scenarios that require a
lower latency.

[00373] By using the data interleaving and encoding scheme in Embodiment 4, when
Hamming(170,160) is used as inner code, concatenated code of KP4
RS(544,514)+Hamming(170,160) in the scheme is under AWGN, a corresponding pre-FEC BER
for implementing a post-FEC bit error rate BER of 1E-15 is approximately 4.3E-3, and
performance approximates to optimal performance of the concatenated FEC scheme. When the
inner code uses BCH(176,160), concatenated code of KP4 RS(544,514)+BCH(176,160) in the
scheme is under AWGN, a corresponding pre-FEC BER for implementing a post-FEC bit error
rate BER of 1E-15 is approximately 8.3E-3, and performance approximates to optimal
performance of the concatenated FEC scheme. It should be understood that, when an inner-code
scheme that is the same as the solution in Embodiment 3 is used, performance of the solution in
Embodiment 4 is the same as that in Embodiment 3, but the solution in Embodiment 4 is poor in
resisting a system burst error. This solution is applicable to some scenarios that require a lower
latency.

[00374] Embodiment 5: An application scenario is 2x400G interfaces, an information bit length
of inner-code encoding is 120 or 160 bits, a 2:1, 4:1, or 8:1 multiplexer is used, and lane deskewing
IS used.

[00375] Different from Embodiment 1 to Embodiment 4, in this embodiment, it is considered
that host interfaces are 100 Gb/s per lane 2x400G interfaces. For details of the interface, refer to
IEEE Std 802.3ckTM/D3.0.

[00376] Specifically, based on the foregoing schematic diagram of data processing of the
transmitter processing module shown in FIG. 3(a), the transmitter processing module performs
alignment marker lock (alignment lock) on 16 lane data streams based on known alignment
markers (Alignment markers) of PCS lanes 0 to 15 or PCS lanes 16 to 31. The transmitter
processing module then performs lane deskewing (lane de-skew) on the 32 lane data streams to
obtain 32 aligned lane data streams. Then, lane reordering (lane reorder) is performed on data of
16 lanes based on the alignment markers of the PCS lanes 0 to 15 or the PCS lanes 16 to 31, so
that the data of the 16 lanes can be arranged in a specified sequence. Finally, data of 32 lanes can
be arranged in a specified sequence. One sequence is that the lane data streams are sorted from 0
to 31 from top to bottom, which is the same as that in FIG. 6.
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[00377] The 32 lane data streams on which the lane reordering is performed are sent to a
designed processor including convolutional interleaving and multiplexing, for interleaving and
data sequence disordering, and then are sent to an inner-code encoder for inner-code encoding.
After data processing is performed on inner-code encoded data streams, data processed data
streams are sent to a channel transmission medium for transmission.

[00378] In a possible implementation, when the processor including the convolutional
interleaving and the multiplexing, and the inner-code encoding that are used in Embodiment 5 are
the same as those in the solution in Embodiment 1, performance and a latency of the concatenated
FEC solution are the same as those in Embodiment 1.

[00379] In another possible implementation, when the processor including the convolutional
interleaving and the multiplexing, and the inner-code encoding that are used in Embodiment 5 are
the same as those in the solution in Embodiment 3, performance and a latency of the concatenated
FEC solution are the same as those in Embodiment 3.

[00380] Embodiment 6: An application scenario is 2x400G interfaces, an information bit length
of inner-code encoding is 120 or 160 bits, a 2:1, 4:1, or 8:1 multiplexer is used, lane symbol
alignment is used, and lane reordering is not performed.

[00381] Based on the solution in Embodiment 5, Embodiment 6 provides an implementation
solution with a lower latency.

[00382] Specifically, based on the foregoing schematic diagram of data processing of the
transmitter processing module shown in FIG. 3(b), the transmitter processing module performs
alignment marker lock (alignment lock) on 16 lane data streams based on known alignment
markers (Alignment markers) of PCS lanes 0 to 15 or PCS lanes 16 to 31. Then, the transmitter
processing module performs alignment on the 32 lane data streams based on two RS symbols to
obtain 32 aligned lane data streams. The 32 aligned lane data streams are directly sent to a designed
processor including convolutional interleaving and multiplexing, for interleaving and data
sequence disordering, and then are sent to an inner-code encoder for inner-code encoding. After
data processing is performed on inner-code encoded data streams, data processed data streams are
sent to a channel transmission medium for transmission.

[00383] Ina possible implementation, when the processor including convolutional interleaving
and multiplexing, and inner-code encoding that are used in Embodiment 6 are the same as those
in the solution in Embodiment 2, performance and a latency of the concatenated FEC solution are
the same as those in Embodiment 2.

[00384] In another possible implementation, when the processor including convolutional
interleaving and multiplexing, and inner-code encoding that are used in Embodiment 6 are the
same as those in the solution in Embodiment 4, performance and a latency of the concatenated
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FEC solution are the same as those in Embodiment 4.

[00385] Embodiment 7: An application scenario is 4x200G interfaces, an information bit length
of inner-code encoding is 120 or 160 bits, a 4:1 or 8:1 multiplexer is used, and lane deskewing is
used.

[00386] In this embodiment, it is considered that host interfaces are 100 Gb/s per lane 4x200G
interfaces. For details of the interface, refer to IEEE Std 802.3ckTM/D3.0.

[00387] Based on the foregoing schematic diagram of data processing of the transmitter
processing module shown in FIG. 3(a), the transmitter processing module performs alignment
marker lock (alignment lock) on eight lane data streams based on known alignment markers
(Alignment markers) of PCS lanes 0 to 7, PCS lanes 8 to 15, PCS lanes 16 to 23, or PCS lanes 24
to 31. PCS lanes 0 to 7, PCS lanes 8 to 15, PCS lanes 16 to 23, or PCS lanes 24 to 31 herein may
be considered as PCS lanes 0 to 7 in a 0" channel, a 1% channel, a 2" channel, or a 3" channel of
200G respectively. The transmitter processing module then performs lane deskewing (lane de-
skew) on the 32 lane data streams to obtain 32 aligned lane data streams. Then, lane reordering
(lane reorder) is performed on data of eight lanes based on the alignment markers of PCS lanes 0
to 7, PCS lanes 8 to 15, PCS lanes 16 to 23, or PCS lanes 24 to 31, so that the data of the eight
lanes can be arranged in a specified sequence. Finally, data of 32 lanes can be arranged in a
specified sequence. One sequence is that the lane data streams are sorted from 0 to 31 from top to
bottom, which is the same as that in FIG. 7.

[00388] The 32 lane data streams on which the lane reordering is performed are sent to a
designed processor including convolutional interleaving and multiplexing, for interleaving and
data sequence disordering, and then are sent to an inner-code encoder for inner-code encoding.
After data processing is performed on inner-code encoded data streams, data processed data
streams are sent to a channel transmission medium for transmission.

[00389] In this embodiment, the structure shown in FIG. 11 is used for the convolutional
interleaving, and the convolutional interleaving is separately performed on n=32 PCS lane data
streams to obtain n=32 first data streams. Convolution interleaver 0, convolution interleaver 1,
convolution interleaver 2, ..., convolution interleaver 31 use a same interleaving structure.
[00390] FIG. 19(a) is a schematic diagram of a seventh structure of a convolution interleaver
according to an embodiment of this application. As shown in FIG. 19(a), p=2 delay lines (delay
lines) are included. The two delay lines respectively include Q storage units and O storage units,
and each storage unit is configured to store d=2 symbols. In other words, a delay value of delay
line 0 is 2Q symbols, and a delay value of delay line 1 is 0 symbols, that is, no delay.

[00391] Asshown in FIG. 19(a), C.(-) represents one RS symbol in lane data stream r (0 <
r <n-—1). For example, C.(4t) and C.(4t+1) represent two RS symbols that are currently
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input into delay line 0 and that are in the lane data stream, and C.(4t-4Q) and C.(4t-4Q+1)
are two RS symbols output from delay line 0; C.(4t+2) and C.(4t+3) represent two RS
symbols that are subsequently input into delay line 1 and that are in the lane data stream, and
C.(4t+2) and C.(4t+3) are two RS symbols output from delay line 1; C.(4t+4) and
C.(4t+5) represent two RS symbols that are subsequently input into delay line 0 and that are in
the lane data stream, and C.(4t-4Q+4) and C.(4t-4Q+5) are two RS symbols output from
delay line 0; and so on. With reference to FIG. 7, it can be seen that when 4Q + 2 > 136, that is,
Q > 34, a total of four consecutive RS symbols, C.(4t-4Q), C.(4t-4Q+1), C.(4t+2), and
C-(4t+3), output through the convolutional interleaving are from four different RS codewords.
[00392] FIG. 19(b) is a schematic diagram of an eighth structure of a convolution interleaver
according to an embodiment of this application. As shown in FIG. 19(b), in a possible
implementation, that Q = 34 is selected, and a specific structure of the convolution interleaver is
shown in FIG. 19(b). A corresponding interleaving latency is approximately 34*2*2/2=68 RS
symbols. The convolution interleaver shown in FIG. 19(b) separately performs convolutional
interleaving on 32 PCS lane data streams to obtain 32 first data streams. Refer to the PCS lane data
stream shown in FIG. 7. It is not difficult to understand that any RS symbol in first data streams 0
to 7, any RS symbol in first data streams 8 to 15, any RS symbol in first data streams 16 to 23, and
any RS symbol in first data streams 24 to 31 are from different RS codewords. Therefore, the 32
first data streams include G=4 first data stream subsets, first data streams 0 to 7 are first data stream
subset 0, first data streams 8 to 15 are first data stream subset 1, first data streams 16 to 23 are first
data stream subset 2, and first data streams 24 to 31 are first data stream subset 3.

[00393] In this embodiment, a possible implementation of the multiplexing shown in FIG. 13
is as follows: G=4, K=4, and m=8. Eight 4:1 multiplexers are included. Each multiplexer
multiplexes four first data streams to obtain one second data stream, and generates a total of eight
second data streams. Any first data stream selected from first data stream subset 0, any first data
stream selected from first data stream subset 1, any first data stream selected from first data stream
subset 2, and any first data stream selected from first data stream subset 3 are used as inputs of the
4:1 multiplexer.

[00394]  Acorresponding specific implementation of the 4:1 multiplexer is shown in FIG. 17(b).
Multiplexing input data stream 0, multiplexing input data stream 1, multiplexing input data stream
2, and multiplexing input data stream 3 of the 4:1 multiplexer i (where 0 <i < 7) respectively
correspond to first data stream i, first data stream (i + 16), first data stream (i + 8), and first data
stream (i + 24). It should be noted that, multiplexing input data stream 0, multiplexing input data
stream 1, multiplexing input data stream 2, and multiplexing input data stream 3 of the 4:1
multiplexer i (where 0 <i < 7) may alternatively respectively correspond to first data stream i,
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first data stream (i+ 8), first data stream (i+ 16), and first data stream (i + 24). In this

embodiment, C;* shown in FIG. 17(b) indicates consecutive A= 4 RS symbols in multiplexing

input data stream j (where 0 <j < 3) of the 4:1 multiplexer, and the symbols are from 4
different outer-code RS codewords. The 4:1 multiplexer outputs data in the four input data streams
to an output data stream in a polling manner per 4 RS symbols, that is, an output data sequence
is 3, ¥, ¢, c?, c}, ci,cl,cl ..,cy, cv,cy, c¥, ... 16 consecutive RS symbols in the
output data stream are from 16 different RS codewords. It should be noted that because K=G=4,
one first data stream selected from each of first data stream subsets 0 to 3 may respectively
correspond to multiplexing input data streams O to 3 of 4:1 multiplexer i (where 0 <i<7)in
any sequence. When A= 1 or 2, the 16 consecutive RS symbols in the second data stream can
still be from 16 different RS codewords.

[00395] Inthis embodiment, another possible implementation of the multiplexing shown in FIG.
13 is as follows: G=4, K=8, and m=4. Four 8:1 multiplexers are included. Each multiplexer
multiplexes eight first data streams to obtain one second data stream, and generates a total of four
second data streams. Any two first data streams selected from first data stream subset 0, any two
first data streams selected from first data stream subset 1, any two first data streams selected from
first data stream subset 2, and any two first data streams selected from first data stream subset 3
are used as inputs of the 8:1 multiplexer.

[00396] A corresponding specific implementation of the 8:1 multiplexer is shown in FIG. 17(c).
Multiplexing input data streams 0 to 7 of the 8:1 multiplexer i (where 0 <1i < 3) respectively
correspond to first data stream i, first data stream (i + 16), first data stream (i + 8), first data
stream (i + 24), first data stream (i + 4), first data stream (i + 20), first data stream (i + 12), and
first data stream (i + 28), that is, any Q=4 consecutive multiplexing input data streams of the
multiplexer are from different first data stream subsets. It should be noted that, multiplexing input
data streams O to 7 of the 8:1 multiplexer i (where 0 <i < 3) may alternatively respectively
correspond to first data stream i, first data stream (i + 8), first data stream (i + 16), first data
stream (i + 24), first data stream (i + 4), first data stream (i + 12), first data stream (i + 20), and
first data stream (i+28). In the figure, Cf indicates consecutive A= 4 RS symbols in
multiplexing input data stream j (where 0 <j < 7) of the 8:1 multiplexer, and the symbols are
from 4 different outer-code RS codewords. The 8:1 multiplexer outputs data in the eight input
data streams to an output data stream in a polling manner per 4 RS symbols, that is, an output
data sequence is CJ, c¥, ...,c2, c%, ¢}, ¢}, .., cici ...cy, cy, .cY, cY, .16
consecutive RS symbols in the output data stream are from 16 different RS codewords.

[00397] The inner-code encoding is separately performed on the foregoing eight or four second
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data streams. The inner-code encoding scheme may be the encoding scheme provided in
Embodiment 1, to obtain performance equivalent to that in Embodiment 1; or the encoding scheme
provided in Embodiment 3 may be used to obtain performance equivalent to that in Embodiment
3, and details are not described herein.

[00398] Embodiment 8: An application scenario is 4x200G interfaces, an information bit length
of inner-code encoding is 120 bits, a 2:1 multiplexer is used, and lane deskewing is used.

[00399] Based on Embodiment 7, in this embodiment, using of the 2:1 multiplexer is considered,
and a newly designed convolution interleaver is correspondingly used.

[00400] Specifically, based on the foregoing schematic diagram of data processing of the
transmitter processing module shown in FIG. 3(a), the transmitter processing module performs
alignment marker lock (alignment lock) on eight lane data streams based on known alignment
markers (Alignment markers) of PCS lanes 0 to 7, PCS lanes 8 to 15, PCS lanes 16 to 23, or PCS
lanes 24 to 31. PCS lanes 0 to 7, PCS lanes 8 to 15, PCS lanes 16 to 23, or PCS lanes 24 to 31
herein may be considered as PCS lanes 0 to 7 in a 0™ channel, a 1% channel, a 2" channel, or a 3"
channel of 200G respectively. The transmitter processing module then performs lane deskewing
(lane de-skew) on the 32 lane data streams to obtain 32 aligned lane data streams. Then, lane
reordering (lane reorder) is performed on data of eight lanes based on the alignment markers of
PCS lanes 0 to 7, PCS lanes 8 to 15, PCS lanes 16 to 23, or PCS lanes 24 to 31, so that the data of
the eight lanes can be arranged in a specified sequence. Finally, data of 32 lanes can be arranged
in a specified sequence. One sequence is that the lane data streams are sorted from 0 to 31 from
top to bottom, which is the same as that in FIG. 7.

[00401] The 32 lane data streams on which the lane reordering is performed are sent to a
designed processor including convolutional interleaving and multiplexing, for interleaving and
data sequence disordering, and then are sent to an inner-code encoder for inner-code encoding.
After data processing is performed on inner-code encoded data streams, data processed data
streams are sent to a channel transmission medium for transmission.

[00402] In this embodiment, the structure shown in FIG. 11 is used for the convolutional
interleaving, and the convolutional interleaving is separately performed on n=32 PCS lane data
streams to obtain n=32 first data streams. Convolution interleaver 0, convolution interleaver 1,
convolution interleaver 2, ..., convolution interleaver 31 use a same interleaving structure. FIG.
16(a) shows a structure of a convolution interleaver that includes p=3 delay lines (delay lines). The
three delay lines respectively include 2Q storage units, Q storage units, and O storage units, and
each storage unit is configured to store d=2 symbols. In other words, a delay value of delay line 0
is 4Q symbols, a delay value of delay line 1 is 2Q symbols, and a delay value of delay line 2 is 0

symbols, that is, no delay.
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[00403] AsshowninFIG. 16(a), C.(-) representsone RS symbol in lane datastream r (where
0<r<n-—1). For example, C.(6t) and C.(6t+1) represent two RS symbols that are
currently input into delay line 0 and that are in the lane data stream, and C.(6t-12Q) and
C.(6t-12Q+1) are two RS symbols output from delay line 0; C.(6t+2) and C.(6t+3)
represent two RS symbols that are subsequently input into delay line 1 and that are in the lane data
stream, and C.(6t-6Q+2) and C.(6t-6Q+3) are two RS symbols output from delay line 1;
C.(6t+4) and C.(6t+5) represent two RS symbols that are subsequently input into delay line 2
and that are in the lane data stream, and C.(6t+4) and C.(6t+5) are two RS symbols output
from delay line 2; C.(6t+6) and C.(6t+7) represent two RS symbols that are then
subsequently input into delay line 0 and that are in the lane data stream, and C.(6t-12Q+6) and
Cr(6t-12Q+7) are two RS symbols output from delay line 0; and so on. With reference to FIG.
7, it can be seen that when 6Q + 2 > 136, in other words, Q = 23, a total of six RS symbols
C.(6t-12Q), C,(6t-12Q+1), C,(6t-6Q+2), C.(6t-6Q+3), C.(6t+4), and C.(6t+5) output
through the convolutional interleaving are from six different RS codewords.

[00404] FIG. 20 is a schematic diagram of a ninth structure of a convolution interleaver
according to an embodiment of this application. As shown in FIG. 20, in a possible implementation,
that Q = 23 is selected, and a specific structure of the convolution interleaver is shown in FIG.
20. A corresponding interleaving latency is approximately 46*2*3/2=138 RS symbols. The
convolution interleaver shown in FIG. 20 separately performs convolutional interleaving on 32
PCS lane data streams to obtain 32 first data streams. Refer to the PCS lane data stream shown in
FIG. 7. It is not difficult to understand that any RS symbol in first data streams 0 to 7, any RS
symbol in first data streams 8 to 15, any RS symbol in first data streams 16 to 23, and any RS
symbol in first data streams 24 to 31 are from different RS codewords. Therefore, the 32 first data
streams include G=4 first data stream subsets, first data streams O to 7 are first data stream subset
0, first data streams 8 to 15 are first data stream subset 1, first data streams 16 to 23 are first data
stream subset 2, and first data streams 24 to 31 are first data stream subset 3.

[00405] In this embodiment, a possible implementation of the multiplexing shown in FIG. 13
is as follows: G=4, K=2, and m=16. 16 2:1 multiplexers are included. Each multiplexer
multiplexes two first data streams to obtain one second data stream, and generates a total of 16
second data streams. Two first data streams (any first data stream selected from each of any two
of first data stream subset O, first data stream subset 1, first data stream subset 2, and first data
stream subset 3) are used as inputs of the 2:1 multiplexer. A corresponding specific implementation
of the 2:1 multiplexer is shown in FIG. 17(a). Multiplexing input data stream 0 and multiplexing
input data stream 1 of 2:1 multiplexer i (where 0 <i < 15) respectively correspond to first data
stream i and first data stream (i+ 16). In the figure, Cf indicates consecutive A=6 RS
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symbols in multiplexing input data stream j (where 0 <j < 1) of the 2:1 multiplexer, and the
symbols are from 6 different outer-code RS codewords. The 2:1 multiplexer outputs data in the
two input data streams to an output data stream in a polling manner per 6 RS symbols, that is, an
output data sequence is C3, C?, C3, ..., C},...,C¥, CV, ... 12 consecutive RS symbols in the
output data stream are from 12 different RS codewords. It should be noted that because K<G, when
A= 1,2, or 3, 12 consecutive RS symbols in the second data stream can still be from 12 different
RS codes.

[00406] The inner-code encoding is separately performed on the foregoing 16 second data
streams, and an inner-code encoding scheme of the 16 second data streams may use the encoding
scheme provided in Embodiment 1, to obtain performance equivalent to that in Embodiment 1.
Details are not described herein.

[00407] Embodiment 9: An application scenario is 4x200G interfaces, an information bit length
of inner-code encoding is 160 bits, a 2:1 multiplexer is used, and lane deskewing is used.

[00408] Based on Embodiment 8, in this embodiment, inner code with a code length of 160 bits
is considered, and a newly designed convolution interleaver is correspondingly used.

[00409] Specifically, in this embodiment, the convolution interleaver structure shown in FIG.
18(a) is used, and p=4 delay lines (delay lines) are included. The four delay lines respectively
include 3Q storage units, 2Q storage units, Q storage units, and 0 storage units, and each storage
unit is configured to store d=2 symbols. In other words, a delay value of delay line 0 is 6Q symbols,
a delay value of delay line 1 is 4Q symbols, a delay value of delay line 2 is 2Q symbols, and a
delay value of delay line 3 is 0 symbols, that is, no delay.

[00410] AsshowninFIG. 18(a), C.(-) representsone RS symbol in lane datastream r (where
0<r<n-—1). For example, C.(8t) and C.(8t+1) represent two RS symbols that are
currently input into delay line 0 and that are in the lane data stream, and C.(8t-24Q) and
C-(8t-24Q+1) are two RS symbols output from delay line 0; C.(8t+2) and C.(8t+3)
represent two RS symbols that are subsequently input into delay line 1 and that are in the lane data
stream, and C.(8t-16Q+2) and C.(8t-16Q+3) are two RS symbols output from delay line 1;
C-(8t+4) and C.(8t+5) represent two RS symbols that are subsequently input into delay line 2
and that are in the lane data stream, and C.(8t-8Q+4) and C.(8t-8Q+5) are two RS symbols
output from delay line 2; C.(8t+6) and C.(8t+7) represent two RS symbols that are then
subsequently input into delay line 3 and that are in the lane data stream, and C.(8t+6) and
C-(8t+7) are two RS symbols output from delay line 3; C.(8t+8) and C.(8t+9) representtwo

RS symbols that are then subsequently input into delay line 0 and that are in the lane data stream,
and C.(8t- 24Q+8) and C.(8t-24Q+9) are two RS symbols output from delay line 0; and so

on. With reference to FIG. 7, it can be seen that when 8Q + 2 > 136, in other words, Q > 17, a
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total of eight RS symbols C.(8t-24Q), C.(8t-24Q+1), C.(8t-16Q+2), C.(8t-16Q+3),
C-(8t-8Q+4), C.(8t-8Q+5), C.(8t+6), and C.(8t+7) output through the convolutional
interleaving are from eight different RS codewords.

[00411] FIG. 21 is a schematic diagram of a tenth structure of a convolution interleaver
according to an embodiment of this application. As shown in FIG. 21, in a possible implementation,
that Q = 17 is selected, and a specific structure of the convolution interleaver is shown in FIG.
21. A corresponding interleaving latency is approximately 51*2*4/2=204 RS symbols.

[00412] The convolution interleaver shown in FIG. 21 separately performs convolutional
interleaving on 32 PCS lane data streams to obtain 32 first data streams. Refer to the PCS lane data
stream shown in FIG. 7. It is not difficult to understand that any RS symbol in first data streams 0
to 7, any RS symbol in first data streams 8 to 15, any RS symbol in first data streams 16 to 23, and
any RS symbol in first data streams 24 to 31 are from different RS codewords. Therefore, the 32
first data streams include G=4 first data stream subsets, first data streams 0 to 7 are first data stream
subset O, first data streams 8 to 15 are first data stream subset 1, first data streams 16 to 23 are first
data stream subset 2, and first data streams 24 to 31 are first data stream subset 3.

[00413] In this embodiment, a possible implementation of the multiplexing shown in FIG. 13
is as follows: G=4, K=2, and m=16. 16 2:1 multiplexers are included. Each multiplexer
multiplexes two first data streams to obtain one second data stream, and generates a total of 16
second data streams. Two first data streams (any first data stream selected from each of any two
of first data stream subset O, first data stream subset 1, first data stream subset 2, and first data
stream subset 3) are used as inputs of the 2:1 multiplexer. A corresponding specific implementation
of the 2:1 multiplexer is shown in FIG. 17(a). Multiplexing input data stream 0 and multiplexing
input data stream 1 of 2:1 multiplexer i (where 0 <i < 15) respectively correspond to first data

stream i and first data stream (i+ 16). In the figure, C;* indicates consecutive A=8 RS

symbols in multiplexing input data stream j (where 0 <j < 1) of the 2:1 multiplexer, and the
symbols are from 8 different outer-code RS codewords. The 2:1 multiplexer outputs data in the
two input data streams to an output data stream in a polling manner per 8 RS symbols, that is, an
output data sequence is C3, C?, C3, ..., C},...,C¥, CY, ... 16 consecutive RS symbols in the
output data stream are from 16 different RS codewords. It should be noted that because K<G, when
A= 1,2, or 4, 16 consecutive RS symbols in the second data stream can still be from 16 different
RS codes.

[00414] Inner-code encoding is separately performed on the foregoing 16 second data streams,
and an inner-code encoding scheme of the 16 second data streams may use the encoding scheme
provided in Embodiment 3, to obtain performance equivalent to that in Embodiment 3. Details are
not described herein.
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[00415] Embodiment 10: An application scenario is 4x200G interfaces, an information bit
length of inner-code encoding is 160 bits, and lane symbol alignment is used.

[00416] Based onany one of Embodiments 7 to 9, this embodiment provides an implementation
solution with a lower latency.

[00417] Based on the foregoing schematic diagram of data processing of the transmitter
processing module shown in FIG. 3(d), the transmitter processing module performs alignment
marker lock (alignment lock) on eight lane data streams based on known alignment markers
(Alignment markers) of PCS lanes 0 to 7, PCS lanes 8 to 15, PCS lanes 16 to 23, or PCS lanes 24
to 31. PCS lanes 0 to 7, PCS lanes 8 to 15, PCS lanes 16 to 23, or PCS lanes 24 to 31 herein may
be considered as PCS lanes 0 to 7 in a 0™ channel, a 1% channel, a 2" channel, or a 3" channel of
200G respectively. Then, the transmitter processing module performs alignment on the 32 lane
data streams based on two RS symbols to obtain 32 aligned lane data streams. The 32 aligned lane
data streams are directly sent to a designed processor including multiplexing, for processing, and
then are sent to an inner-code encoder for inner-code encoding. After data processing is performed
on inner-code encoded data streams, data processed data streams are sent to a channel transmission
medium for transmission.

[00418] Ina possible implementation, when both the multiplexing and the inner-code encoding
scheme in this embodiment use the solution in Embodiment 7, concatenated code in the scheme is
under AWGN, performance is equivalent to that in the solution in Embodiment 7, and an overall
latency is lower. However, compared with the solution in Embodiment 7, the solution in
Embodiment is poor in resisting a system burst error. This solution is applicable to some scenarios
that require a lower latency.

[00419] In another possible implementation, when both the multiplexing and the inner-code
encoding scheme in this embodiment use the solution in Embodiment 8, concatenated code in the
scheme is under AWGN, performance is equivalent to that in the solution in Embodiment 8, and
an overall latency is lower. However, compared with the solution in Embodiment 8, the solution
in this embodiment is poor in resisting a system burst error. This solution is applicable to some
scenarios that require a lower latency.

[00420] Instill another possible implementation, when both the multiplexing and the inner-code
encoding scheme in this embodiment use the solution in Embodiment 9, concatenated code in the
scheme is under AWGN, performance is equivalent to that in the solution in Embodiment 9, and
an overall latency is lower. However, compared with the solution in Embodiment 9, the solution
in this embodiment is poor in resisting a system burst error. This solution is applicable to some
scenarios that require a lower latency.

[00421] Embodiment 11: An application scenario is 8x100G interfaces, an information bit
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length of inner-code encoding is 120 bits or 160 bits, an 8:1 multiplexer is used, and lane
deskewing is used.

[00422] In this embodiment, it is considered that host interfaces are 100 Gb/s per lane 8x100G
interfaces and a "100G RS-FEC-Int" mode is used. For details of the interface, refer to IEEE Std
802.3ckTM/D3.0.

[00423] Based on the foregoing schematic diagram of data processing of the transmitter
processing module shown in FIG. 3(c), the transmitter processing module performs alignment
marker lock (alignment lock) on four lane data streams based on known alignment markers
(Alignment markers) of FEC lanes 0 to 3, FEC lanes 4 to 7, FEC lanes 8 to 11, FEC lanes 12 to
15, FEC lanes 16 to 19, FEC lanes 20 to 23, FEC lanes 24 to 27, or FEC lanes 28 to 31. FEC lanes
0to 3, FEC lanes 4 to 7, FEC lanes 8 to 11, FEC lanes 12 to 15, FEC lanes 16 to 19, FEC lanes 20
to 23, FEC lanes 24 to 27, or FEC lanes 28 to 31 may be considered as FEC lanes 0 to 3 in a 0"
channel, a 1 channel, a 2" channel, a 3" channel, a 4" channel, a 5" channel, a 6" channel, or a
7" channel of 100G respectively. The transmitter processing module then performs lane deskewing
(lane de-skew) on the 32 lane data streams to obtain 32 aligned lane data streams. Then, lane
reordering (lane reorder) is performed on data of four lanes based on the alignment markers of
FEC lanes 0 to 3, FEC lanes 4 to 7, FEC lanes 8 to 11, FEC lanes 12 to 15, FEC lanes 16 to 19,
FEC lanes 20 to 23, FEC lanes 24 to 27, or FEC lanes 28 to 31, so that the data of the four lanes
can be arranged in a specified sequence. Finally, data of 32 lanes can be arranged in a specified
sequence. One sequence is that the lane data streams are sorted from 0 to 31 from top to bottom,
which is the same as that in FIG. 11. 32 lane data streams on which lane reordering is performed
are not convolutionally interleaved, but are directly multiplexed to obtain a total of 16 second data
streams, and the second data streams are sent to an inner-code encoder for inner-code encoding.
After data processing is performed on inner-code encoded data streams, data processed data
streams are sent to a channel transmission medium for transmission.

[00424] Refer to the PCS lane data streams shown in FIG. 8. It is not difficult to understand that
any RS symbol in lane data streams 0 to 3, any RS symbol in lane data streams 4 to 7, any RS
symbol in lane data streams 8 to 11, any RS symbol in lane data streams 12 to 15, any RS symbol
in lane data streams 16 to 19, any RS symbol in lane data streams 20 to 23, any RS symbol in lane
data streams 24 to 27, and any RS symbol in lane data streams 28 to 31 are all from different RS
codewords. Because convolutional interleaving is not performed on the lane data streams, lane
data streams 0 to 31 are equivalent to first data streams 0 to 31. Therefore, the 32 first data streams
include G=8 first data stream subsets, first data streams O to 3 are first data stream subset O, first
data streams 4 to 7 are first data stream subset 1, first data streams 8 to 11 are first data stream
subset 2, first data streams 12 to 15 are first data stream subset 3, first data streams 16 to 19 are
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first data stream subset 4, first data streams 20 to 23 are first data stream subset 5, first data streams
24 to 27 are first data stream subset 6, and first data streams 28 to 31 are first data stream subset
1.

[00425] A possible implementation of the multiplexing shown in FIG. 13 used in this
embodiment is as follows: G=8, K=8, m=4, and multiplexing is performed on the 32 lane data
streams to obtain four second data streams. A total of eight lane data streams (one data stream in
first data stream subset 0, one data stream in first data stream subset 1, one data stream in first data
stream subset 2, one data stream in first data stream subset 3, one data stream in first data stream
subset 4, one data stream in first data stream subset 5, one data stream in first data stream subset
6, and one data stream in first data stream subset 7) are used as eight input data streams of 8:1
multiplexer i (where 0 <1i < 3). A specific implementation is shown in FIG. 17(c). Multiplexer
i (where 0 <1i < 3) uses first data stream i, first data stream (i + 16), first data stream (i + 8),
first data stream (i + 24), first data stream (i + 4), first data stream (i + 20), first data stream (i +
12), and first data stream (i + 28) to respectively correspond to multiplexing input data streams 0

to 7 of the 8:1 multiplexer. In the figure, C;° indicates consecutive A=2 RS symbols in

multiplexing input data stream j (where 0 <j < 7) of the 8:1 multiplexer, and the symbols are
from 2 different outer-code RS codewords. The 8:1 multiplexer outputs data in the eight input
data streams to an output data stream in a polling manner per 2 RS symbols, that is, an output
data sequence is CJ, C?, ...,c2, c?, ¢}, ¢}, .., cici..cy, cy, ..C¥, CY, .16
consecutive RS symbols in the output data stream are from 16 different RS codewords. It should
be noted that because K < G, when A= 1, 16 consecutive RS symbols in the second data stream
can still be from 16 different RS codes.

[00426] FIG. 22 is a schematic diagram of a fifth structure of a multiplexer according to an
embodiment of this application. As shown in FIG. 22, multiplexer i (where 0 <i < 3) uses first
data stream i, first data stream (i + 4), first data stream (i + 8), first data stream (i + 12), first data
stream (i + 16), first data stream (i + 20), first data stream (i + 24), and first data stream (i + 28)
to respectively correspond to multiplexing input data streams 0 to 7 of an 8:1 multiplexer. In the
figure, Cj* indicates consecutive A= 2 RS symbols in multiplexing input data stream j (where
0 <j < 7) of the 8:1 multiplexer, and the symbols are from 2 different outer-code RS codewords.
The 8:1 multiplexer outputs data in the eight input data streams to an output data stream in a polling
manner per 2 RS symbols, that is, an output data sequence is CJ, C?, ....,C2, ¢9, ¢}, ¢}, ..,
Ci, Cl,..,C¥, ¢y, ..., C¥, C¥,...16 consecutive RS symbols in the output data stream are from
16 different RS codewords. It should be noted that because K < G, when A= 1, 16 consecutive

RS symbols in the second data stream can still be from 16 different RS codes.
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[00427] Inner-code encoding is separately performed on the foregoing four second data streams.
The inner-code encoding scheme may be the encoding scheme provided in Embodiment 1, to
obtain performance equivalent to that in Embodiment 1; or the encoding scheme provided in
Embodiment 3 may be used to obtain performance equivalent to that in Embodiment 3, and details
are not described herein.

[00428] Embodiment 12: An application scenario is 8x100G interfaces, an information bit
length of inner-code encoding is 120 bits or 160 bits, a 4:1 multiplexer is used, and lane deskewing
is used.

[00429] Based on the solution in Embodiment 11, this embodiment provides an implementation
solution of a second-low latency when a 4:1 multiplexer is used for multiplexing.

[00430] Based on the foregoing schematic diagram of data processing of the transmitter
processing module shown in FIG. 3(a), the transmitter processing module performs alignment
marker lock (alignment lock) on four lane data streams based on known alignment markers
(Alignment markers) of FEC lanes 0 to 3, FEC lanes 4 to 7, FEC lanes 8 to 11, FEC lanes 12 to
15, FEC lanes 16 to 19, FEC lanes 20 to 23, FEC lanes 24 to 27, or FEC lanes 28 to 31. FEC lanes
0to 3, FEC lanes 4 to 7, FEC lanes 8 to 11, FEC lanes 12 to 15, FEC lanes 16 to 19, FEC lanes 20
to 23, FEC lanes 24 to 27, or FEC lanes 28 to 31 may be considered as FEC lanes 0 to 3 in a 0"
channel, a 1% channel, a 2" channel, a 3" channel, a 4™ channel, a 5 channel, a 6™ channel, or a
7" channel of 100G respectively. The transmitter processing module then performs lane deskewing
(lane de-skew) on the 32 lane data streams to obtain 32 aligned lane data streams. Then, lane
reordering (lane reorder) is performed on data of four lanes based on the alignment markers of
FEC lanes 0 to 3, FEC lanes 4 to 7, FEC lanes 8 to 11, FEC lanes 12 to 15, FEC lanes 16 to 19,
FEC lanes 20 to 23, FEC lanes 24 to 27, or FEC lanes 28 to 31, so that the data of the four lanes
can be arranged in a specified sequence. Finally, data of 32 lanes can be arranged in a specified
sequence. One sequence is that the lane data streams are sorted from 0 to 31 from top to bottom,
which is the same as that in FIG. 11.

[00431] The 32 lane data streams on which the lane reordering is performed are sent to a
designed processor including convolutional interleaving and multiplexing, for interleaving and
data sequence disordering, and then are sent to an inner-code encoder for inner-code encoding.
After data processing is performed on inner-code encoded data streams, data processed data
streams are sent to a channel transmission medium for transmission.

[00432] In this embodiment, the structure shown in FIG. 11 is used for the convolutional
interleaving, and the convolutional interleaving is separately performed on n=32 PCS lane data
streams to obtain n=32 first data streams. Convolution interleaver 0, convolution interleaver 1,

convolution interleaver 2, ..., convolution interleaver 31 use a same interleaving structure. FIG.

81



10

15

20

25

30

35

19(a) shows a structure of a convolution interleaver that includes p=2 delay lines (delay lines). The
two delay lines respectively include Q storage units and 0 storage units, and each storage unit is
configured to store d=2 symbols. In other words, a delay value of delay line 0 is 2Q symbols, and
a delay value of delay line 1 is 0 symbols, that is, no delay.

[00433] AsshowninFIG. 19(a), C.(-) representsone RS symbol in lane datastream r (where
0<r<n-—1). For example, C.(4t) and C.(4t+1) represent two RS symbols that are
currently input into delay line 0 and that are in the lane data stream, and C.(4t-4Q) and
Cr(4t-4Q+1) are two RS symbols output from delay line 0; C.(4t+2) and C.(4t+3) represent
two RS symbols that are subsequently input into delay line 1 and that are in the lane data stream,
and C.(4t+2) and C.(4t+3) are two RS symbols output from delay line 1; C.(4t+4) and
C.(4t+5) represent two RS symbols that are subsequently input into delay line 0 and that are in
the lane data stream, and C.(4t-4Q+4) and C.(4t-4Q+5) are two RS symbols output from
delay line 0; and so on. With reference to FIG. 8, it can be seen that when 4Q + 2 > 272, that is,
Q = 68, four consecutive RS symbols, C.(4t-4Q), C.(4t-4Q+1), C.(4t+2), and C.(4t+3),
output through the convolutional interleaving are from four different RS codewords.

[00434] FIG. 23 is a schematic diagram of an eleventh structure of a convolution interleaver
according to an embodiment of this application. As shown in FIG. 23, in a possible implementation,
that Q = 68 is selected, and a specific structure of the convolution interleaver is shown in FIG.
23. A corresponding interleaving latency is approximately 68*2*2/2=136 RS symbols.

[00435] The convolution interleaver shown in FIG. 23 separately performs convolutional
interleaving on 32 PCS lane data streams to obtain 32 first data streams. Refer to the PCS lane data
streams shown in FIG. 8. It is not difficult to understand that any RS symbol in lane data streams
0 to 3, any RS symbol in lane data streams 4 to 7, any RS symbol in lane data streams 8 to 11, any
RS symbol in lane data streams 12 to 15, any RS symbol in lane data streams 16 to 19, any RS
symbol in lane data streams 20 to 23, any RS symbol in lane data streams 24 to 27, and any RS
symbol in lane data streams 28 to 31 are from different RS codewords. Therefore, the 32 first data
streams include G=8 first data stream subsets, first data streams O to 3 are first data stream subset
0, first data streams 4 to 7 are first data stream subset 1, first data streams 8 to 11 are first data
stream subset 2, first data streams 12 to 15 are first data stream subset 3, first data streams 16 to
19 are first data stream subset 4, first data streams 20 to 23 are first data stream subset 5, first data
streams 24 to 27 are first data stream subset 6, and first data streams 28 to 31 are first data stream
subset 7.

[00436] In this embodiment, a possible implementation of the multiplexing shown in FIG. 13
is as follows: G=8, K=4, and m=8. Eight 4:1 multiplexers are included. Each multiplexer
multiplexes four first data streams to obtain one second data stream, and generates a total of eight
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second data streams. Four first data streams (any first data stream selected from each of any four
of first data stream subsets O to 7) are used as inputs of the 4:1 multiplexer. A specific
implementation is shown in FIG. 17(b). Multiplexing input data streams 0 to 3 of 4:1 multiplexer
i (where 0 <i < 7)respectively correspond to first data stream i, first data stream (i + 16), first

data stream (i + 8), and first data stream (i + 24). In the figure, C* indicates consecutive A= 4

RS symbols in multiplexing input data stream j (where 0 <j < 3) of the 4:1 multiplexer, and the
symbols are from 4 different outer-code RS codewords. The 4:1 multiplexer outputs data in the
four input data streams to an output data stream in a polling manner per 4 RS symbols, that is, an
output data sequence is C3, C?, €9, €2, ¢}, cil,cici,..,C¥, CV¥,CY¥, C¥, ... 16 consecutive
RS symbols in the output data stream are from 16 different RS codewords. It should be noted that
because K < G, when A= 1 or 2, 16 consecutive RS symbols in the second data stream can still
be from 16 different RS codes.

[00437] FIG. 24 is a schematic diagram of a sixth structure of a multiplexer according to an
embodiment of this application. As shown in FIG. 24, multiplexer i (where 0 <i < 3) uses first
data stream 1, first data stream (i + 8), first data stream (i + 16), and first data stream (i + 24) to
respectively correspond to multiplexing input data streams 0 to 3 of a 4:1 multiplexer. In the figure,

Cj* indicates consecutive A= 4 RS symbols in multiplexing input data stream j (where 0 <j <

3) of the 4:1 multiplexer, and the symbols are from 4 different outer-code RS codewords. The
4:1 multiplexer outputs data in the 4 input data streams to an output data stream in a polling
manner per 4 RS symbols, that is, an output data sequence is CJ, C?, C9, C3, C},
ci,clicl .., cy, cv,cy, C¥, ... 16 consecutive RS symbols in the output data stream are from
16 different RS codewords. It should be noted that because K < G, when A=1or2, 16
consecutive RS symbols in the second data stream can still be from 16 different RS codes.
[00438] Inner-code encoding is separately performed on the foregoing eight second data
streams. The inner-code encoding scheme may be the encoding scheme provided in Embodiment
1, to obtain performance equivalent to that in Embodiment 1; or the encoding scheme provided in
Embodiment 3 may be used to obtain performance equivalent to that in Embodiment 3, and details
are not described herein.

[00439] Embodiment 13: An application scenario is 8x100G interfaces, an information bit
length of inner-code encoding is 120 bits, a 2:1 multiplexer is used, and lane deskewing is used.
[00440] Based on Embodiment 12, in this embodiment, it is considered that the 2:1 multiplexer
and inner code with a 120-bit information length are used for multiplexing, and a newly designed
convolution interleaver and multiplexing are correspondingly used.

[00441] In this embodiment, the structure shown in FIG. 11 is used for the convolutional
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interleaving, and the convolutional interleaving is separately performed on n=32 PCS lane data
streams to obtain n=32 first data streams. Convolution interleaver 0, convolution interleaver 1,
convolution interleaver 2, ..., convolution interleaver 31 use a same interleaving structure. FIG.
16(a) shows a structure of a convolution interleaver that includes p=3 delay lines (delay lines). The
three delay lines respectively include 2Q storage units, Q storage units, and O storage units, and
each storage unit is configured to store d=2 symbols. In other words, a delay value of delay line 0
is 4Q symbols, a delay value of delay line 1 is 2Q symbols, and a delay value of delay line 2 is 0
symbols, that is, no delay.

[00442] AsshowninFIG. 16(a), C.(-) representsone RS symbol in lane datastream r (where
0<r<n-—1). For example, C.(6t) and C.(6t+1) represent two RS symbols that are
currently input into delay line 0 and that are in the lane data stream, and C.(6t-12Q) and
Cr(6t-12Q+1) are two RS symbols output from delay line 0; C.(6t+2) and C.(6t+3)
represent two RS symbols that are subsequently input into delay line 1 and that are in the lane data
stream, and C.(6t-6Q+2) and C.(6t-6Q+3) are two RS symbols output from delay line 1;
Cr(6t+4) and C.(6t+5) represent two RS symbols that are subsequently input into delay line 2
and that are in the lane data stream, and C.(6t+4) and C.(6t+5) are two RS symbols output
from delay line 2; C.(6t+6) and C.(6t+7) represent two RS symbols that are then
subsequently input into delay line 0 and that are in the lane data stream, and C.(6t-12Q+6) and
Cr(6t-12Q+7) are two RS symbols output from delay line 0; and so on. With reference to FIG.
8, it can be seen that when 6Q + 2 > 272, in other words, Q > 45, a total of six RS symbols
C.(6t-12Q), C,(6t-12Q+1), C,(6t-6Q+2), C,(6t-6Q+3), C.(6t+4), and C.(6t+5) output
through the convolutional interleaving are from six different RS codewords.

[00443] FIG. 25 is a schematic diagram of a twelfth structure of a convolution interleaver
according to an embodiment of this application. As shown in FIG. 25, in a possible implementation,
that Q = 45 is selected, and a specific structure of the convolution interleaver is shown in FIG.
25. A corresponding interleaving latency is approximately 90*2*3/2=270 RS symbols.

[00444] The convolution interleaver shown in FIG. 25 separately performs convolutional
interleaving on 32 PCS lane data streams to obtain 32 first data streams. Refer to the PCS lane data
streams shown in FIG. 8. It is not difficult to understand that any RS symbol in first data streams
0 to 3, any RS symbol in first data streams 4 to 7, any RS symbol in first data streams 8 to 11, any
RS symbol in first data streams 12 to 15, any RS symbol in first data streams 16 to 19, any RS
symbol in first data streams 20 to 23, any RS symbol in first data streams 24 to 27, and any RS
symbol in first data streams 28 to 31 are from different RS codewords. Therefore, the 32 first data
streams include G=8 first data stream subsets, first data streams O to 3 are first data stream subset
0, first data streams 4 to 7 are first data stream subset 1, first data streams 8 to 11 are first data
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stream subset 2, first data streams 12 to 15 are first data stream subset 3, first data streams 16 to
19 are first data stream subset 4, first data streams 20 to 23 are first data stream subset 5, first data
streams 24 to 27 are first data stream subset 6, and first data streams 28 to 31 are first data stream
subset 7.

[00445] In this embodiment, a possible implementation of the multiplexing shown in FIG. 13
is as follows: G=8, K=2, and m=16. 16 2:1 multiplexers are included. Each multiplexer
multiplexes two first data streams to obtain one second data stream, and generates a total of 16
second data streams. Two first data streams (any first data stream selected from each of any two
of first data stream subsets 0 to 7) are used as inputs of the 2:1 multiplexer. A corresponding
specific implementation of the 2:1 multiplexer is shown in FIG. 17(a). Multiplexing input data
stream 0 and multiplexing input data stream 1 of 2:1 multiplexer i (where 0 <i<15)

respectively correspond to first data stream i and first data stream (i + 16). In the figure, Cf

indicates consecutive A= 6 RS symbols in multiplexing input data stream j (where 0 <j < 1)
of the 2:1 multiplexer, and the symbols are from 6 different outer-code RS codewords. The 2:1
multiplexer outputs data in the two input data streams to an output data stream in a polling manner
per 6 RS symbols, that is, an output data sequence is CJ, C?, C}, .., Ci, Cc¥,cV, ... 12
consecutive RS symbols in the output data stream are from 12 different RS codewords. It should
be noted that because K < G, when A= 1,2, or 3, 12 consecutive RS symbols in the second data
stream can still be from 12 different RS codes.

[00446] Asolution of encoding the 16 second data streams output through the multiplexing may
use the solution in Embodiment 1, to obtain performance equivalent to that in Embodiment 1, and
details are not described herein again.

[00447] Embodiment 14: An application scenario is 8x100G interfaces, an information bit
length of inner-code encoding is 160 bits, a 2:1 multiplexer is used, and lane deskewing is used.
[00448] Based on Embodiment 12, in this embodiment, it is considered that the 2:1 multiplexer
and inner code with a 160-bit information length are used for multiplexing, and a newly designed
convolution interleaver and multiplexing are correspondingly used.

[00449] In this embodiment, the structure shown in FIG. 11 is used for the convolutional
interleaving, and the convolutional interleaving is separately performed on n=32 PCS lane data
streams to obtain n=32 first data streams. Convolution interleaver 0, convolution interleaver 1,
convolution interleaver 2, ..., convolution interleaver 31 use a same interleaving structure. FIG.
18(a) shows a structure of a convolution interleaver that includes p=4 delay lines (delay lines). The
four delay lines respectively include 3Q storage units, 2Q storage units, Q storage units, and 0
storage units, and each storage unit is configured to store d=2 symbols. In other words, a delay
value of delay line 0 is 6Q symbols, a delay value of delay line 1 is 4Q symbols, a delay value of
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delay line 2 is 2Q symbols, and a delay value of delay line 3 is 0 symbols, that is, no delay.
[00450] AsshowninFIG. 18(a), C.(-) representsone RS symbol in lane datastream r (where
0<r<n-—1). For example, C.(8t) and C.(8t+1) represent two RS symbols that are
currently input into delay line 0 and that are in the lane data stream, and C.(8t-24Q) and
C.(8t-24Q+1) are two RS symbols output from delay line 0; C.(8t+2) and C.(8t+3)
represent two RS symbols that are subsequently input into delay line 1 and that are in the lane data
stream, and C.(8t-16Q+2) and C.(8t-16Q+3) are two RS symbols output from delay line 1;
C.(8t+4) and C.(8t+5) represent two RS symbols that are subsequently input into delay line 2
and that are in the lane data stream, and C.(8t-8Q+4) and C.(8t-8Q+5) are two RS symbols
output from delay line 2; C.(8t+6) and C.(8t+7) represent two RS symbols that are then
subsequently input into delay line 3 and that are in the lane data stream, and C.(8t+6) and
C-(8t+7) are two RS symbols output from delay line 3; C.(8t+8) and C.(8t+9) representtwo
RS symbols that are then subsequently input into delay line 0 and that are in the lane data stream,
and C.(8t-24Q+8) and C.(8t-24Q+9) are two RS symbols output from delay line 0; and so
on. With reference to FIG. 8, it can be seen that when 8Q + 2 > 272, in other words, Q > 34, a
total of eight RS symbols C.(8t-24Q), C.(8t-24Q+1), C.(8t-16Q+2), C.(8t-16Q+3),
C-(8t-8Q+4), C.(8t-8Q+5), C.(8t+6), and C.(8t+7) output through the convolutional
interleaving are from eight different RS codewords.
[00451] FIG. 26 is a schematic diagram of a thirteenth structure of a convolution interleaver
according to an embodiment of this application. As shown in FIG. 26, in a possible implementation,
that Q = 34 is selected, and a specific structure of the convolution interleaver is shown in FIG.
26. A corresponding interleaving latency is approximately 102*2*4/2=408 RS symbols.
[00452] The convolution interleaver shown in FIG. 26 separately performs convolutional
interleaving on 32 PCS lane data streams to obtain 32 first data streams. Refer to the PCS lane data
streams shown in FIG. 8. It is not difficult to understand that any RS symbol in first data streams
0 to 3, any RS symbol in first data streams 4 to 7, any RS symbol in first data streams 8 to 11, any
RS symbol in first data streams 12 to 15, any RS symbol in first data streams 16 to 19, any RS
symbol in first data streams 20 to 23, any RS symbol in first data streams 24 to 27, and any RS
symbol in first data streams 28 to 31 are from different RS codewords. Therefore, the 32 first data
streams include G=8 first data stream subsets, first data streams O to 3 are first data stream subset
0, first data streams 4 to 7 are first data stream subset 1, first data streams 8 to 11 are first data
stream subset 2, first data streams 12 to 15 are first data stream subset 3, first data streams 16 to
19 are first data stream subset 4, first data streams 20 to 23 are first data stream subset 5, first data
streams 24 to 27 are first data stream subset 6, and first data streams 28 to 31 are first data stream
subset 7.
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[00453] In this embodiment, a possible implementation of the multiplexing shown in FIG. 13
is as follows: G=8, K=2, and m=16. 16 2:1 multiplexers are included. Each multiplexer
multiplexes two first data streams to obtain one second data stream, and generates a total of 16
second data streams. Two first data streams (any first data stream selected from each of any two
of first data stream subsets 0 to 7) are used as inputs of the 2:1 multiplexer. A corresponding
specific implementation of the 2:1 multiplexer is shown in FIG. 17(a). Multiplexing input data
stream 0 and multiplexing input data stream 1 of 2:1 multiplexer i (where 0 <i<15)

respectively correspond to first data stream i and first data stream (i + 16). In the figure, Cf

indicates consecutive A= 8 RS symbols in multiplexing input data stream j (where 0 <j < 1)
of the 2:1 multiplexer, and the symbols are from 8 different outer-code RS codewords. The 2:1
multiplexer outputs data in the two input data streams to an output data stream in a polling manner
per 8 RS symbols, that is, an output data sequence is CJ, C?, C3, ..., Ci, C¥,CV, ... 16
consecutive RS symbols in the output data stream are from 16 different RS codewords. It should
be noted that because K < G, when A= 1,2, or 4, 16 consecutive RS symbols in the second data
stream can still be from 16 different RS codes.

[00454]  Ascheme of perform inner-code encoding on the 16 second data streams output through
the multiplexing may use the inner-code encoding scheme in Embodiment 3, to obtain
performance equivalent to that in Embodiment 3, and details are not described herein again.
[00455] Embodiment 15: An application scenario is 8x100G interfaces, and lane symbol
alignment is used.

[00456] Based on any one of Embodiments 11 to 14, this embodiment provides an
implementation solution with a lower latency.

[00457] Based on the foregoing schematic diagram of data processing of the transmitter
processing module shown in FIG. 3(b), the transmitter processing module performs alignment
marker lock (alignment lock) on four lane data streams based on known alignment markers
(Alignment markers) of FEC lanes 0 to 3, FEC lanes 4 to 7, FEC lanes 8 to 11, FEC lanes 12 to
15, FEC lanes 16 to 19, FEC lanes 20 to 23, FEC lanes 24 to 27, or FEC lanes 28 to 31. Then, the
transmitter processing module performs alignment on the 32 lane data streams based on two RS
symbols to obtain 32 aligned lane data streams. Convolutional interleaving is separately performed
on the 32 lane data streams to obtain 32 first data streams, multiplexing is performed on the first
data streams to obtain 4, 8, or 16 second data streams, and the second data streams are sent to an
inner-code encoder for inner-code encoding. After data processing is performed on inner-code
encoded data streams, data processed data streams are sent to a channel transmission medium for
transmission.

[00458] In this embodiment, when a processor including the convolutional interleaving and the
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multiplexing and the inner-code encoding are the same as those in the solution in Embodiment 11,
concatenated code in the scheme is under AWGN, performance is equivalent to that in the solution
in Embodiment 11, but the solution in this embodiment is poor in resisting a system burst error.
This solution is applicable to some scenarios that require a lower latency.

[00459] In this embodiment, when a processor including convolutional interleaving and
multiplexing and the inner-code encoding are the same as those in the solution in Embodiment 12,
concatenated code in the scheme is under AWGN, performance is equivalent to that in the solution
in Embodiment 12, but the solution in this embodiment is poor in resisting a system burst error.
This solution is applicable to some scenarios that require a lower latency.

[00460] In this embodiment, when a processor including convolutional interleaving and
multiplexing and the inner-code encoding are the same as those in the solution in Embodiment 13,
concatenated code in the scheme is under AWGN, performance is equivalent to that in the solution
in Embodiment 13, but the solution in this embodiment is poor in resisting a system burst error.
This solution is applicable to some scenarios that require a lower latency.

[00461] In this embodiment, when a processor including convolutional interleaving and
multiplexing and the inner-code encoding are the same as those in the solution in Embodiment 14,
concatenated code in the scheme is under AWGN, performance is equivalent to that in the solution
in Embodiment 14, but the solution in this embodiment is poor in resisting a system burst error.
This solution is applicable to some scenarios that require a lower latency.

[00462] Embodiment 16: An application scenario is 8x100G interfaces, an information bit
length of inner-code encoding is 120 bits or 160 bits, an 8:1 multiplexer is used, and lane
deskewing is used.

[00463] In this embodiment, it is considered that host interfaces are 100 Gb/s per lane 8x100G
interfaces and a "100G RS-FEC" mode is used. For details of the interface, refer to IEEE Std
802.3ckTM/D3.0.

[00464] Based on the foregoing schematic diagram of data processing of the transmitter
processing module shown in FIG. 3(a), the transmitter processing module performs alignment
marker lock (alignment lock) on four lane data streams based on known alignment markers
(Alignment markers) of FEC lanes 0 to 3, FEC lanes 4 to 7, FEC lanes 8 to 11, FEC lanes 12 to
15, FEC lanes 16 to 19, FEC lanes 20 to 23, FEC lanes 24 to 27, or FEC lanes 28 to 31. FEC lanes
0to 3, FEC lanes 4 to 7, FEC lanes 8 to 11, FEC lanes 12 to 15, FEC lanes 16 to 19, FEC lanes 20
to 23, FEC lanes 24 to 27, or FEC lanes 28 to 31 may be considered as FEC lanes 0 to 3 in a 0"
channel, a 1 channel, a 2" channel, a 3" channel, a 4" channel, a 5" channel, a 6" channel, or a
7" channel of 100G respectively. The transmitter processing module then performs lane deskewing
(lane de-skew) on the 32 lane data streams to obtain 32 aligned lane data streams. Then, lane
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reordering (lane reorder) is performed on data of four lanes based on the alignment markers of
FEC lanes 0 to 3, FEC lanes 4 to 7, FEC lanes 8 to 11, FEC lanes 12 to 15, FEC lanes 16 to 19,
FEC lanes 20 to 23, FEC lanes 24 to 27, or FEC lanes 28 to 31, so that the data of the four lanes
can be arranged in a specified sequence. Finally, data of 32 lanes can be arranged in a specified
sequence. One sequence is that the lane data streams are sorted from 0 to 31 from top to bottom,
which is the same as that in FIG. 9.

[00465] The 32 lane data streams on which the lane reordering is performed are sent to a
designed processor including convolutional interleaving and multiplexing, for interleaving and
data sequence disordering, and then are sent to an inner-code encoder for inner-code encoding.
After data processing is performed on inner-code encoded data streams, data processed data
streams are sent to a channel transmission medium for transmission.

[00466] In this embodiment, the structure shown in FIG. 11 is used for the convolutional
interleaving, and the convolutional interleaving is separately performed on n=32 FEC lane data
streams to obtain n=32 first data streams. Convolution interleaver 0, convolution interleaver 1,
convolution interleaver 2, ..., convolution interleaver 31 use a same interleaving structure.
[00467] FIG. 27(a) is a schematic diagram of a fourteenth structure of a convolution interleaver
according to an embodiment of this application. As shown in FIG. 27(a), p=2 delay lines (delay
lines) are included. The two delay lines respectively include Q storage units and O storage units,
and each storage unit is configured to store d=1 symbol. In other words, a delay value of delay line
0 is Q symbols, and a delay value of delay line 1 is 0 symbols, that is, no delay.

[00468] AsshowninFIG.27(a), C.(-) representsone RS symbol in lane datastream r (where
0 <r <n-—1). Forexample, C.(2t) represents one RS symbol that is currently input into delay
line 0 and that is in the lane data stream, and C.(2t-2Q) is one RS symbol output from delay line
0; C.(2t+1) represents one RS symbol that is subsequently input into delay line 1 and that is in
the lane data stream, and C.(2t+1) is one RS symbol output from delay line 1; C.(2t+2)
represents one RS symbol that is then subsequently input into delay line 0 and that is in the lane
data stream, and C.(2t-2Q+2) is one RS symbol output from delay line 0; and so on. With
reference to FIG. 9, it can be seen that when 2Q + 1 > 136, thatis, Q = 68, two consecutive RS
symbols, C.(2t-2Q) and C.(2t+1), output through the convolutional interleaving are from two
different RS codewords.

[00469] FIG. 27(b) is a schematic diagram of a fifteenth structure of a convolution interleaver
according to an embodiment of this application. As shown in FIG. 27(b), in a possible
implementation, that Q = 68 is selected, and a specific structure of the convolution interleaver is
shown in FIG. 27(b). A corresponding interleaving latency is approximately 68*2/2=68 RS
symbols.

89



10

15

20

25

30

35

[00470] The convolution interleaver shown in FIG. 27(b) separately performs convolutional
interleaving on 32 FEC lane data streams to obtain 32 first data streams. Refer to the FEC lane
data streams shown in FIG. 9. It is not difficult to understand that any RS symbol in first data
streams 0 to 3, any RS symbol in first data streams 4 to 7, any RS symbol in first data streams 8
to 11, any RS symbol in first data streams 12 to 15, any RS symbol in first data streams 16 to 19,
any RS symbol in first data streams 20 to 23, any RS symbol in first data streams 24 to 27, and
any RS symbol in first data streams 28 to 31 are from different RS codewords. Therefore, the 32
first data streams include G=8 first data stream subsets, first data streams 0 to 3 are first data stream
subset 0O, first data streams 4 to 7 are first data stream subset 1, first data streams 8 to 11 are first
data stream subset 2, first data streams 12 to 15 are first data stream subset 3, first data streams 16
to 19 are first data stream subset 4, first data streams 20 to 23 are first data stream subset 5, first
data streams 24 to 27 are first data stream subset 6, and first data streams 28 to 31 are first data
stream subset 7.

[00471] In this embodiment, the 8:1 multiplexing processing structure in Embodiment 11 is
used, so that four second data streams may be obtained, and 16 consecutive RS symbols in each
second data stream are all from 16 different RS codewords.

[00472] Inner-code encoding is separately performed on the foregoing four second data streams.
The inner-code encoding scheme may be the encoding scheme provided in Embodiment 1, to
obtain performance equivalent to that in Embodiment 1; or the encoding scheme provided in
Embodiment 3 may be used to obtain performance equivalent to that in Embodiment 3, and details
are not described herein.

[00473] Embodiment 17: An application scenario is 8x100G interfaces, an information bit
length of inner-code encoding is 120 bits, a 4:1 multiplexer is used, and lane deskewing is used.
[00474] Based on the solution in Embodiment 16, in this embodiment, when a length of inner-
code information is 120 bits, and the 4:1 multiplexer is used for multiplexing, a newly designed
convolution interleaver and the multiplexing are correspondingly used.

[00475] In this embodiment, the structure shown in FIG. 11 is used for the convolutional
interleaving, and the convolutional interleaving is separately performed on n=32 PCS lane data
streams to obtain n=32 first data streams. Convolution interleaver 0, convolution interleaver 1,
convolution interleaver 2, ..., convolution interleaver 31 use a same interleaving structure.
[00476] FIG. 28(a) is a schematic diagram of a sixteenth structure of a convolution interleaver
according to an embodiment of this application. As shown in FIG. 28(a), p=3 delay lines (delay
lines) are included. The p=3 delay lines respectively include 2Q storage units, Q storage units, and
0 storage units, and each storage unit is configured to store d=1 symbol. In other words, a delay

value of delay line 0 is 2Q symbols, a delay value of delay line 1 is Q symbols, and a delay value
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of delay line 1 is 0 symbols, that is, no delay.

[00477] AsshowninFIG. 28(a), C.(-) representsone RS symbol in lane datastream r (where
0 <r <n-—1).Forexample, C.(3t) represents one RS symbol that is currently input into delay
line 0 and that is in the lane data stream, and C.(3t-6Q) isone RS symbol output from delay line
0; C.(3t+1) represents one RS symbol that is subsequently input into delay line 1 and that is in
the lane data stream, and C.(3t-3Q+1) is one RS symbol output from delay line 1; C.(3t+2)
represents one RS symbol that is then subsequently input into delay line 2 and that is in the lane
data stream, and C.(3t+2) isone RS symbol output from delay line 2; C.(3t+3) represents one
RS symbol that is then subsequently input into delay line 0 and that is in the lane data stream, and
C.(3t-6Q+3) is one RS symbol output from delay line 0; and so on. With reference to FIG. 9, it
can be seen that when 3Q + 1 > 136, that is, Q > 45, a total of three RS symbols, C.(3t-6Q),
C.(3t-3Q+2), and C.(3t+2), output through the convolutional interleaving are from three
different RS codewords.

[00478] FIG. 28(b) is a schematic diagram of a seventeenth structure of a convolution
interleaver according to an embodiment of this application. As shown in FIG. 28(b), in a possible
implementation, that Q = 45 is selected, and a specific structure of the convolution interleaver is
shown in FIG. 28(b). A corresponding interleaving latency is approximately 90*3/2=135 RS
symbols.

[00479] The convolution interleaver shown in FIG. 28(b) separately performs convolutional
interleaving on 32 FEC lane data streams to obtain 32 first data streams. Refer to the FEC lane
data streams shown in FIG. 9. It is not difficult to understand that any RS symbol in first data
streams 0 to 3, any RS symbol in first data streams 4 to 7, any RS symbol in first data streams 8
to 11, any RS symbol in first data streams 12 to 15, any RS symbol in first data streams 16 to 19,
any RS symbol in first data streams 20 to 23, any RS symbol in first data streams 24 to 27, and
any RS symbol in first data streams 28 to 31 are from different RS codewords. Therefore, the 32
first data streams include G=8 first data stream subsets, first data streams 0 to 3 are first data stream
subset O, first data streams 4 to 7 are first data stream subset 1, first data streams 8 to 11 are first
data stream subset 2, first data streams 12 to 15 are first data stream subset 3, first data streams 16
to 19 are first data stream subset 4, first data streams 20 to 23 are first data stream subset 5, first
data streams 24 to 27 are first data stream subset 6, and first data streams 28 to 31 are first data
stream subset 7.

[00480] In this embodiment, the multiplexing processing structure in Embodiment 12 is used,
when A= 1 or 3, eight second data streams may be obtained, and 12 consecutive RS symbols in
each second data stream are all from 12 different RS codewords.

[00481] A solution of encoding the eight second data streams output through the multiplexing
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may use the solution in Embodiment 1, to obtain performance equivalent to that in Embodiment
1, and details are not described herein again.

[00482] Embodiment 18: An application scenario is 8x100G interfaces, an information bit
length of inner-code encoding is 160 bits, a 4:1 multiplexer is used, and lane deskewing is used.
[00483] Based on the solution in Embodiment 16, in this embodiment, an implementation
solution, with a second-low latency, in which a length of inner-code information is 160 bits, and
the 4:1 multiplexer is used for multiplexing is provided, and a newly designed interleaver and the
multiplexing are correspondingly used.

[00484] In this embodiment, the structure shown in FIG. 11 is used for the convolutional
interleaving, and the convolutional interleaving is separately performed on n=32 PCS lane data
streams to obtain n=32 first data streams. Convolution interleaver 0, convolution interleaver 1,
convolution interleaver 2, ..., convolution interleaver 31 use a same interleaving structure.
[00485] FIG. 29(a) is a schematic diagram of an eighteenth structure of a convolution
interleaver according to an embodiment of this application. As shown in FIG. 29(a), p=4 delay
lines (delay lines) are included. The p=4 delay lines respectively include 3Q storage units, 2Q
storage units, Q storage units, and 0 storage units, and each storage unit is configured to store d=1
symbol. In other words, a delay value of delay line 0 is 3Q symbols, a delay value of delay line 1
Is 2Q symbols, a delay value of delay line 2 is Q symbols, and a delay value of delay line 3is 0
symbols, that is, no delay.

[00486] AsshowninFIG.29(a), C.(-) representsone RS symbol in lane datastream r (where
0 <r <n-—1). Forexample, C.(4t) represents one RS symbol that is currently input into delay
line 0 and that is in the lane data stream, and C.(4t-12Q) is one RS symbol output from delay
line 0; C.(4t+1) represents one RS symbol that is subsequently input into delay line 1 and that
is in the lane data stream, and C.(4t-8Q+1) is one RS symbol output from delay line 1;
C.(4t+2) represents one RS symbol that is then subsequently input into delay line 2 and that is
in the lane data stream, and Cr(4t—4Q+2) is one RS symbol output from delay line 2;
C.(4t+3) represents one RS symbol that is then subsequently input into delay line 3 and that is
in the lane data stream, and C.(4t+3) is one RS symbol output from delay line 3; C.(4t+4)
represents one RS symbol that is then subsequently input into delay line 0 and that is in the lane
data stream, and C.(4t-12Q+4) is one RS symbol output from delay line 0; and so on. With
reference to FIG. 9, it can be seen that when 4Q + 1 > 136, that is, Q = 34, a total of four RS
symbols, C.(4t-12Q), C.(4t-8Q+1),C.(4t-4Q+2), and C.(4t+3), consecutively output
through the convolutional interleaving are from four different RS codewords.

[00487] FIG. 29(b) is a schematic diagram of a nineteenth structure of a convolution interleaver

according to an embodiment of this application. As shown in FIG. 29(b), in a possible
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implementation, that Q = 34 is selected, and a specific structure of the convolution interleaver is
shown in FIG. 29(b). A corresponding interleaving latency is approximately 102*4/2=204 RS
symbols.

[00488] The convolution interleaver shown in FIG. 29(b) separately performs convolutional
interleaving on 32 FEC lane data streams to obtain 32 first data streams. Refer to the FEC lane
data streams shown in FIG. 9. It is not difficult to understand that any RS symbol in first data
streams 0 to 3, any RS symbol in first data streams 4 to 7, any RS symbol in first data streams 8
to 11, any RS symbol in first data streams 12 to 15, any RS symbol in first data streams 16 to 19,
any RS symbol in first data streams 20 to 23, any RS symbol in first data streams 24 to 27, and
any RS symbol in first data streams 28 to 31 are from different RS codewords. Therefore, the 32
first data streams include G=8 first data stream subsets, first data streams O to 3 are first data stream
subset O, first data streams 4 to 7 are first data stream subset 1, first data streams 8 to 11 are first
data stream subset 2, first data streams 12 to 15 are first data stream subset 3, first data streams 16
to 19 are first data stream subset 4, first data streams 20 to 23 are first data stream subset 5, first
data streams 24 to 27 are first data stream subset 6, and first data streams 28 to 31 are first data
stream subset 7.

[00489] In this embodiment, the multiplexing processing structure in Embodiment 13 is used,
when A= 1,2, or 4, eight second data streams may be obtained, and 16 consecutive RS symbols
in each second data stream are all from 16 different RS codewords.

[00490] Inner-code encoding is separately performed on the foregoing eight second data
streams, and an inner-code encoding scheme of the eight second data streams may use the inner-
code encoding scheme provided in Embodiment 3, to obtain performance equivalent to that in
Embodiment 3. Details are not described herein.

[00491] Embodiment 19: An application scenario is 8x100G interfaces, an information bit
length of inner-code encoding is 120 bits, a 2:1 multiplexer is used, and lane deskewing is used.
[00492] Based on the solution in Embodiment 16, in this embodiment, when a length of inner-
code information is 120 bits, and the 4:1 multiplexer is used for multiplexing, a newly designed
convolution interleaver and the multiplexing are correspondingly used.

[00493] In this embodiment, the structure shown in FIG. 11 is used for the convolutional
interleaving, and the convolutional interleaving is separately performed on n=32 PCS lane data
streams to obtain n=32 first data streams. Convolution interleaver 0, convolution interleaver 1,
convolution interleaver 2, ..., convolution interleaver 31 use a same interleaving structure.
[00494] FIG. 30(a) is a schematic diagram of a twentieth structure of a convolution interleaver
according to an embodiment of this application. As shown in FIG. 30(a), p=6 delay lines (delay

lines) are included. The p=6 delay lines respectively include 5Q storage units, 4Q storage units,
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3Q storage units, 2Q storage units, Q storage units, and 0 storage units, and each storage unit is
configured to store d=1 symbol. That is, a delay value of delay line 0 is 5Q symbols, a delay value
of delay line 1 is 4Q symbols, a delay value of delay line 2 is 3Q symbols, a delay value of delay
line 3 is 2Q symbols, a delay value of delay line 4 is Q symbols, and a delay value of delay line 5
is 0 symbols, that is, no delay.

[00495] AsshowninFIG.30(a), C.(-) representsone RS symbol in lane datastream r (where
0 <r <n-—1).Forexample, C.(6t) represents one RS symbol that is currently input into delay
line 0 and that is in the lane data stream, and C.(6t-30Q) is one RS symbol output from delay
line 0; C.(6t+1) represents one RS symbol that is subsequently input into delay line 1 and that
is in the lane data stream, and C.(6t-24Q+1) is one RS symbol output from delay line 1;
C.(6t+2) represents one RS symbol that is then subsequently input into delay line 2 and that is

in the lane data stream, and C.(6t - 18Q+2) is one RS symbol output from delay line 2;
C.(6t+3) represents one RS symbol that is then subsequently input into delay line 3 and that is
in the lane data stream, and C.(6t - 12Q+3) is one RS symbol output from delay line 3;
C.(6t+4) represents one RS symbol that is then subsequently input into delay line 4 and that is

in the lane data stream, and C.(6t - 6Q+4) is one RS symbol output from delay line 4;
C.(6t+5) represents one RS symbol that is then subsequently input into delay line 5 and that is
in the lane data stream, and C.(6t+5) is one RS symbol output from delay line 5; C.(6t+6)
represents one RS symbol that is then subsequently input into delay line 0 and that is in the lane
data stream, and C.(6t-30Q+6) is one RS symbol output from delay line 0; and so on. With
reference to FIG. 9, it can be seen that when 6Q + 1 > 136, that is, Q > 23, a total of six RS
symbols, C,(6t-30Q) , C.(6t-24Q+1) ,
C.(6t-18Q+2), C.(6t-12Q+3), C.(6t-6Q+4),and C.(6t+5), consecutively output through the
convolutional interleaving are from six different RS codewords.

[00496] FIG. 30(b) is a schematic diagram of a twenty-first structure of a convolution
interleaver according to an embodiment of this application. As shown in FIG. 30(b), in a possible
implementation, that Q = 23 is selected, and a specific structure of the convolution interleaver is
shown in FIG. 30(b). A corresponding interleaving latency is approximately 23*5*6/2=345 RS
symbols.

[00497] The convolution interleaver shown in FIG. 30(b) separately performs convolutional
interleaving on 32 FEC lane data streams to obtain 32 first data streams. Refer to the FEC lane
data streams shown in FIG. 9. It is not difficult to understand that any RS symbol in first data
streams 0 to 3, any RS symbol in first data streams 4 to 7, any RS symbol in first data streams 8
to 11, any RS symbol in first data streams 12 to 15, any RS symbol in first data streams 16 to 19,
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any RS symbol in first data streams 20 to 23, any RS symbol in first data streams 24 to 27, and
any RS symbol in first data streams 28 to 31 are from different RS codewords. Therefore, the 32
first data streams include G=8 first data stream subsets, first data streams O to 3 are first data stream
subset O, first data streams 4 to 7 are first data stream subset 1, first data streams 8 to 11 are first
data stream subset 2, first data streams 12 to 15 are first data stream subset 3, first data streams 16
to 19 are first data stream subset 4, first data streams 20 to 23 are first data stream subset 5, first
data streams 24 to 27 are first data stream subset 6, and first data streams 28 to 31 are first data
stream subset 7.

[00498] In this embodiment, the multiplexing processing structure in Embodiment 13 is used,
when A= 1,2,3, or 6, 16 second data streams may be obtained, and 12 consecutive RS symbols in
each second data stream are all from 12 different RS codewords.

[00499] Inner-code encoding is separately performed on the foregoing 16 second data streams,
and an encoding scheme of the 16 second data streams may use the inner-code encoding scheme
provided in Embodiment 1, to obtain performance equivalent to that in Embodiment 1. Details are
not described herein.

[00500] Embodiment 20: An application scenario is 8x100G interfaces, an information bit
length of inner-code encoding is 160 bits, a 2:1 multiplexer is used, and lane deskewing is used.
[00501] Based on the solution in Embodiment 16, in this embodiment, when a length of inner-
code information is 160 bits, and a 2:1 multiplexer is used for multiplexing, a newly designed
convolution interleaver and the multiplexing are correspondingly used.

[00502] In this embodiment, the structure shown in FIG. 11 is used for the convolutional
interleaving, and the convolutional interleaving is separately performed on n=32 PCS lane data
streams to obtain n=32 first data streams. Convolution interleaver 0, convolution interleaver 1,
convolution interleaver 2, ..., convolution interleaver 31 use a same interleaving structure.
[00503] FIG. 31(a) is a schematic diagram of a twenty-second structure of a convolution
interleaver according to an embodiment of this application. As shown in FIG. 31(a), p=8 delay
lines (delay lines) are included. The p=8 delay lines respectively include 7Q storage units, 6Q
storage units, 5Q storage units, 4Q storage units, 3Q storage units, 2Q storage units, Q storage
units, and 0 storage units, and each storage unit is configured to store d=1 symbol. That is, a delay
value of delay line 0 is 7Q symbols, a delay value of delay line 1 is 6Q symbols, a delay value of
delay line 2 is 5Q symbols, a delay value of delay line 3 is 4Q symbols, a delay value of delay line
4 is 3Q symbols, a delay value of delay line 5 is 2Q symbols, a delay value of delay line 6 is Q
symbols, and a delay value of delay line 7 is 0 symbols, that is, no delay.

[00504] AsshowninFIG.31(a), C.(-) representsone RS symbol in lane datastream r (where

0 <r <n-—1). Forexample, C.(8t) represents one RS symbol that is currently input into delay
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line 0 and that is in the lane data stream, and C.(8t-56Q) is one RS symbol output from delay
line 0; C.(8t+1) represents one RS symbol that is subsequently input into delay line 1 and that
is in the lane data stream, and C.(8t-48Q+1) is one RS symbol output from delay line 1;
C.(8t+2) represents one RS symbol that is then subsequently input into delay line 2 and that is
in the lane data stream, and C.(8t - 40Q+2) is one RS symbol output from delay line 2;
C.(8t+3) represents one RS symbol that is then subsequently input into delay line 3 and that is
in the lane data stream, and C.(8t-32Q+3) is one RS symbol output from delay line 3;
C-(8t+4) represents one RS symbol that is then subsequently input into delay line 4 and that is
in the lane data stream, and C.(8t-24Q+4) is one RS symbol output from delay line 4;
C.(8t+5) represents one RS symbol that is then subsequently input into delay line 5 and that is
in the lane data stream, and C.(8t-16Q+5) is one RS symbol output from delay line 5;
C.(8t+6) represents one RS symbol that is then subsequently input into delay line 6 and that is
in the lane data stream, and C.(8t-8Q+6) is one RS symbol output from delay line 6; C.(8t+7)
represents one RS symbol that is then subsequently input into delay line 7 and that is in the lane
data stream, and C.(8t+7) isone RS symbol output from delay line 7; C.(8t+8) represents one
RS symbol that is then subsequently input into delay line 0 and that is in the lane data stream, and
C.(8t-56Q+8) is one RS symbol output from delay line 0; and so on. With reference to FIG. 9,
it can be seenthatwhen 8Q + 1 > 136, thatis, Q > 17, atotal of eight RS symbols C.(8t-56Q),
C,(8t-48Q+1), C,(8t-40Q+2) , C,(8t-32Q+3) , C,(8t-24Q+4) ,
C.(8t-16Q+5), C.(8t-8Q+6),and C.(8t+7) consecutively output through the convolutional
interleaving are from eight different RS codewords.

[00505] FIG. 31(b) is a schematic diagram of a twenty-third structure of a convolution
interleaver according to an embodiment of this application. As shown in FIG. 31(b), in a possible
implementation, that Q = 17 is selected, and a specific structure of the convolution interleaver is
shown in FIG. 31(b). A corresponding interleaving latency is approximately 17*7*8/2=476 RS
symbols.

[00506] The convolution interleaver shown in FIG. 31(b) separately performs convolutional
interleaving on 32 FEC lane data streams to obtain 32 first data streams. Refer to the FEC lane
data streams shown in FIG. 9. It is not difficult to understand that any RS symbol in first data
streams 0 to 3, any RS symbol in first data streams 4 to 7, any RS symbol in first data streams 8
to 11, any RS symbol in first data streams 12 to 15, any RS symbol in first data streams 16 to 19,
any RS symbol in first data streams 20 to 23, any RS symbol in first data streams 24 to 27, and
any RS symbol in first data streams 28 to 31 are from different RS codewords. Therefore, the 32

first data streams include G=8 first data stream subsets, first data streams O to 3 are first data stream
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subset O, first data streams 4 to 7 are first data stream subset 1, first data streams 8 to 11 are first
data stream subset 2, first data streams 12 to 15 are first data stream subset 3, first data streams 16
to 19 are first data stream subset 4, first data streams 20 to 23 are first data stream subset 5, first
data streams 24 to 27 are first data stream subset 6, and first data streams 28 to 31 are first data
stream subset 7.

[00507] In this embodiment, the multiplexing processing structure in Embodiment 13 is used,
when A= 1,2,4, or 8, 16 second data streams may be obtained, and 16 consecutive RS symbols in
each second data stream are all from 16 different RS codewords.

[00508] Inner-code encoding is separately performed on the foregoing 16 second data streams,
and an inner-code encoding scheme of the 16 second data streams may use the inner-code encoding
scheme provided in Embodiment 3, to obtain performance equivalent to that in Embodiment 3.
Details are not described herein.

[00509] Embodiment 21: An application scenario is 8x100G interfaces, an information bit
length of inner-code encoding is 120 bits or 160 bits, and lane symbol alignment is used.

[00510] Based on the solution in any one of Embodiments 16 to 20, this embodiment provides
an implementation solution with a lower latency.

[00511] Based on the foregoing schematic diagram of data processing of the transmitter
processing module shown in FIG. 3(d), the transmitter processing module performs alignment
marker lock (alignment lock) on four lane data streams based on known alignment markers
(Alignment markers) of FEC lanes 0 to 3, FEC lanes 4 to 7, FEC lanes 8 to 11, FEC lanes 12 to
15, FEC lanes 16 to 19, FEC lanes 20 to 23, FEC lanes 24 to 27, or FEC lanes 28 to 31. Then, the
transmitter processing module performs one symbol-based alignment on the 32 lane data streams
to obtain 32 aligned lane data streams. Convolutional interleaving is separately performed on the
32 lane data streams to obtain 32 first data streams, multiplexing is performed on the first data
streams to obtain 4, 8, or 16 second data streams, and the second data streams are sent to an inner-
code encoder for inner-code encoding. After data processing is performed on inner-code encoded
data streams, data processed data streams are sent to a channel transmission medium for
transmission.

[00512] Itshould be understood that, the multiplexing and the inner-code encoding scheme used
in this embodiment both use the solution provided in any one of Embodiments 16 to 20.

[00513] In this embodiment, when a processor including multiplexing and the inner-code
encoding are the same as those in the solution in Embodiment 16, concatenated code in the scheme
is under AWGN, performance is equivalent to that in the solution in Embodiment 16, but the
solution in this embodiment is poor in resisting a system burst error. This solution is applicable to

some scenarios that require a lower latency.
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[00514] In this embodiment, when a processor including multiplexing and the inner-code
encoding are the same as those in the solution in Embodiment 17, concatenated code in the scheme
is under AWGN, performance is equivalent to that in the solution in Embodiment 17, but the
solution in this embodiment is poor in resisting a system burst error. This solution is applicable to
some scenarios that require a lower latency.

[00515] In this embodiment, when a processor including multiplexing and the inner-code
encoding are the same as those in the solution in Embodiment 18, concatenated code in the scheme
is under AWGN, performance is equivalent to that in the solution in Embodiment 18, but the
solution in this embodiment is poor in resisting a system burst error. This solution is applicable to
some scenarios that require a lower latency.

[00516] In this embodiment, when a processor including multiplexing and the inner-code
encoding are the same as those in the solution in Embodiment 19, concatenated code in the scheme
is under AWGN, performance is equivalent to that in the solution in Embodiment 19, but the
solution in this embodiment is poor in resisting a system burst error. This solution is applicable to
some scenarios that require a lower latency.

[00517] In this embodiment, when a processor including multiplexing and the inner-code
encoding are the same as those in the solution in Embodiment 20, concatenated code in the scheme
is under AWGN, performance is equivalent to that in the solution in Embodiment 20, but the
solution in this embodiment is poor in resisting a system burst error. This solution is applicable to
some scenarios that require a lower latency.

[00518] It should be noted that, in some possible implementations, the multiplexing described
in the foregoing embodiments may also be replaced with block interleaving for implementation.
The following provides descriptions with reference to a specific embodiment.

[00519] FIG. 32(a) is a schematic diagram of a structure in which block interleaving is
performed on n first data streams according to an embodiment of this application. As shown in
FIG. 32(a), the block interleaving may be performed via m parallel block interleaving modules.
Specifically, each block interleaver generates one second data stream after performing block
interleaving on K input first data streams, to obtain a total of m second data streams. A manner of
selecting the K first data streams input into each block interleaver is consistent with a manner of
selecting K input multiplexing data streams input into the multiplexer in the foregoing
embodiments, and details are not described herein again.

[00520] FIG. 32(b) is a schematic diagram of a structure of a block interleaver according to an
embodiment of this application. As shown in FIG. 32(b), consecutive A RS symbols in first data
stream i are one symbol subset, and are represented by Sy (.), where 0 < k < K — 1. Therefore,

Sk(0), Sk (1), ..., Sk (W) represent consecutive W symbol subsets output from first data stream
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i. Consecutive A RS symbols in a second data stream are one symbol subset, and are represented
by S(.). W symbol subsets are obtained from each of K input first data streams, to form a first
symbol matrix with K rows and W columns. Each element in the first symbol matrix is a symbol
subset, and S, (w) corresponds to an element in a k™ row and a w' column in the first symbol
matrix, where 0 <k <K—-1and 0 <w < W — 1. Asecond symbol matrix with one row and C
columns is obtained through block interleaving is performed on the first symbol matrix with K
rows and W columns, where C=K*W. Each element in the second symbol matrix is also a symbol
subset, and S(c) represents an element in a ¢ column in the second symbol matrix, where 0 <
¢ < C. Mapping between block interleaving S(c) and Sy (w) may be expressed as: ¢ = K*w +
k. S(0), S(0), ..., S(K*W-1) in the second symbol matrix obtained through the block interleaving
sequentially correspond to information bits of Q pieces of inner code, and the Q pieces of inner
code are obtained through inner-code encoding. If a length of the inner code is D symbols,
K*W*A=Q*D.

[00521] It should be noted that the symbol subset is merely a concept introduced for ease of
description. In actual application, the first data stream and the second data stream are both a whole
and are not divided. Each symbol subset may be considered as one or more symbols in the first
data stream or the second data stream. In addition, in actual application, the first symbol matrix
and the second symbol matrix may alternatively not be presented in a form of matrices. For
example, the first symbol matrix is presented as a first symbol set, and the first symbol set includes
K*W symbol subsets that respectively correspond to K rows and W columns of elements in the
first symbol matrix. The second symbol matrix is presented as a second symbol set, and the second
symbol set includes C symbol subsets that respectively correspond to elements in one row and C
columns in the second symbol matrix.

[00522] In an example, based on the convolution interleaver provided in Embodiment 1, a
specific implementation corresponding to the block interleaving is as follows: G=2, K=2, and
m=16. Input first data stream i, and input first data stream i, of block interleaver i respectively
correspond to first data stream i and first data stream (i+16). The structure of the block interleaver
shown in FIG. 32(b) is used as an example, and parameters of the block interleaver may be A=6,
W=1, and Q=1, or may be A=3, W=2, and Q=1. The second symbol matrix is mapped to one piece
of information data of inner code with a 120-bit information bit length, and the inner-code
encoding scheme in Embodiment 1 may be used, to implement equivalent performance.

[00523] In another example, based on the convolution interleaver provided in Embodiment 1,
another specific implementation corresponding to the block interleaving is as follows: G=2, K=4,
and m=16. Input first data stream i, to input first data stream i; of block interleaver i
respectively correspond to first data stream i, first data stream (i+16), first data stream (i+8), and
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first data stream (i+24). The structure of the block interleaver shown in FIG. 32(b) is used as an
example, and parameters of the block interleaver may be A=6, W=1, and Q=2. The second symbol
matrix is mapped to two pieces of information data of inner code with a 120-bit information length
bit, and the inner-code encoding scheme in Embodiment 1 may be used, to implement equivalent
performance.

[00524] Instill another example, based on the convolution interleaver provided in Embodiment
1, still another specific implementation corresponding to the block interleaving is as follows: G=2,
K=8, and m=16. Input first data stream i, to input first data stream i, of block interleaver i
respectively correspond to first data stream i, first data stream (i+16), first data stream (i+8), first
data stream (i+24), first data stream (i+4), first data stream (i+20), first data stream (i+12), and
first data stream (i+28). The structure of the block interleaver shown in FIG. 32(b) is used as an
example, and parameters of the block interleaver may be A=6, W=1, and Q=4. The second symbol
matrix is mapped to four pieces of information data of inner code with a 120-bit information bit
length, and the inner-code encoding scheme in Embodiment 1 may be used, to implement
equivalent performance.

[00525] It should be understood that an implementation of corresponding block interleaving
may alternatively be deduced based on convolutional interleaving and an inner-code encoding
scheme in another embodiment, and is not listed one by one herein.

[00526] The foregoing describes the data processing method provided in embodiments of this
application. The following describes a data processing apparatus provided in an embodiment of
this application.

[00527] FIG. 33 is a schematic diagram of a structure of a data processing apparatus according
to an embodiment of this application. As shown in FIG. 33, the data processing apparatus includes
a convolution interleaver 101 and a multiplexer 102. The convolution interleaver 101 is configured
to perform an operation that is in the foregoing data processing method and that is of separately
performing convolutional interleaving on n lane data streams to obtain n first data streams. The
multiplexer 102 is configured to perform an operation that is in the foregoing data processing
method and that is of multiplexing every K first data streams in the n first data streams to obtain
one second data stream, to obtain a total of m second data streams. For details, refer to related
descriptions of the convolutional interleaving operation and the multiplexing operation in the
foregoing data processing method. Details are not described herein again.

[00528] Itshould be understood that the apparatus provided in this application may alternatively
be implemented in another manner. For example, the unit division in the foregoing apparatus is
merely logical function division and may be other division in actual implementation. For example,

a plurality of units or components may be combined or integrated into another system. In addition,
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functional units in embodiments of this application may be integrated into one processing unit, or
may be independent physical units, or two or more functional units are integrated into one
processing unit. The integrated unit may be implemented in a form of hardware, or may be
implemented in a form of a software functional unit.

[00529] It should be noted that, in addition to the data processing method described in the
foregoing embodiments, this application further provides another data processing method. The
following describes the method in detail.

[00530] In this embodiment, n lane data streams are first interleaved to obtain m target data
streams. Then, second FEC encoding is separately performed on the m target data streams to obtain
encoded data streams. A manner of separately performing the second FEC encoding on the m target
data streams is similar to the manner described in step 1003 in the embodiment shown in FIG. 10,
and details are not described herein again.

[00531] In this embodiment, the lane data stream may be a PCS lane data stream or an FEC
lane data stream. This is not specifically limited herein. All the n lane data streams are data streams
obtained through first FEC encoding, namely, the foregoing outer-code encoded data streams,
where n is an integer greater than 1 and is a multiple of 4. For example, RS code may be used in
the outer-code encoding, and the n outer-code encoded data streams may include a plurality of RS
codewords. In actual application, another encoding scheme may be used to perform the outer-code
encoding. For ease of description, the following uses an RS codeword to represent a codeword
generated through the outer-code encoding. It should be understood that every a codewords
obtained through the outer-code encoding are distributed in b lane data streams, where a<b<n, n
can be exactly divided by b, and a is an integer greater than or equal to 1. In different application
scenarios shown in FIG. 5 to FIG. 9, values of a and b may also be different. The application
scenario shown in FIG. 5 is used as an example, and n=32, a=2, and b=16, in other words, every
two codewords are distributed in 16 lane data streams. Values of a and b in application scenarios
in FIG. 6 to FIG. 9 may be deduced with reference to the accompanying drawings, and details are
not described herein again. Therefore, a maximum value of b is 16 and a minimum value of b is 4.
It should be noted that, in this application, a code length of outer code is measured in symbols, and
the symbol may include one or more bits. For example, the outer code is KP4 RS(544,514) code
that is used, the code length is N=544 symbols, and one symbol includes 10 bits.

[00532] It should be understood that, F consecutive symbols in each target data stream are from
F different codewords, and F>a. F consecutive symbols in each of the target data streams are from
at least K1 different lane data streams, F consecutive symbols in each of the target data streams
are from at most K2 symbols in n aligned symbols of the n lane data streams, K1 and K2 are
divisors of n, and K2 is a divisor of K1. The n aligned symbols of the n lane data streams refer to
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n symbols at same positions of all the lane data streams. Different application scenarios shown in
FIG. 5to FIG. 9 are used as an example, n symbols in each column of the n lane data streams are
aligned, in other words, the n aligned symbols of the n lane data streams may be n symbols in one
column of the n lane data streams. It should be further understood that, at most K3 symbols in the
F consecutive symbols in each target data stream are from a same lane data stream, K3=[F/K1],
[F/K1] represents an integer obtained by rounding up a quotient of F/K1, any two of the K3
symbols are separated by at least K4 symbols on a same lane data stream, K4>a*N*K2/n, and N
is a length of the codeword. In this embodiment, a maximum value of b is 16, and a minimum
value of b is 4. Therefore, in some possible implementations, K1=n/4, and K2=n/16.

[00533] In some possible implementations, before the n lane data streams are interleaved to
obtain the m target data streams, lane reordering may be further performed on the n lane data
streams, so that the n data streams are arranged in a preset sequence. The 32 data streams are used
as an example. The 32 data streams may be sorted from 0 to 31 from top to bottom. Certainly, the
example may be simply extended to sorting in another sequence, specific implementation thereof
may be known to a person of ordinary skill in the art, and details are not described herein.
[00534] In some possible implementations, before the n lane data streams are interleaved to
obtain the m target data streams, lane data alignment may be further performed on the n lane data
streams. The lane data alignment may be lane deskewing (lane de-skew) defined in an existing
standard, so that data of n lane data streams output through the lane data alignment is completely
aligned. Alternatively, the foregoing "lane data alignment™” may be merely lane symbol alignment,
so that data of n lane data streams output through the lane data alignment is aligned based on an
outer-code symbol. Specifically, the data may be aligned based on one outer-code symbol, or may
be aligned based on a plurality of outer-code symbols. For detailed descriptions of the lane data
alignment, refer to related descriptions of FIG. 3(e). Details are not described herein.

[00535] It should be noted that the interleaving in this embodiment may have a plurality of
specific implementations that are separately described below.

[00536] FIG. 34 is a schematic flowchart of interleaving according to an embodiment of this
application.

[00537] 3401: Separately perform convolutional interleaving on n lane data streams to obtain n
first data streams.

[00538] In this embodiment, z consecutive symbols in each first data stream obtained through
the convolutional interleaving are from at least e different codewords, z is an integer greater than
1, a<e<F, and e*k2>F. At most k1/k2 symbols in the z consecutive symbols in each first data stream
are from a same codeword.

[00539] It should be noted that an implementation of the convolutional interleaving in this
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embodiment is similar to the convolutional interleaving manner described in the embodiment
shown in FIG. 10, and details are not described herein again. In a possible implementation, if the
convolution interleaver shown in FIG. 12(a) is used, a parameter of the convolution interleaver is
to satisfy that d(p * Q + 1) > K4, so that z=p*d consecutive symbols in the first data stream
output by the convolution interleaver are from at least e different outer-code codewords, where N
is a codeword length of outer-code encoding. In another possible implementation, if the
convolution interleaver shown in FIG. 12(b) is used, a parameter of the convolution interleaver is
to satisfy that d(p * Q — 1) = K4, so that z=p*d consecutive symbols in the first data stream
output by the convolution interleaver are from at least e different outer-code codewords, where N
is a codeword length of outer-code encoding.

[00540] 3402: Perform block interleaving on every K1 first data streams of the n first data
streams to obtain S target data streams, so as to obtain a total of m target data streams.

[00541] FIG. 35is a schematic diagram of a structure in which block interleaving is performed
on n first data streams according to an embodiment of this application. As shown in FIG. 35, T
block interleavers may be used to perform the block interleaving. Specifically, every K1 first data
streams in the n first data streams are input into one block interleaver, and the block interleaver
outputs S target data streams. The T block interleavers output a total of m target data streams,
where m=S*T, T=n/K1, and S>k1/k2. It should be noted that the n first data streams include K1
first data stream groups, one first data stream is selected from each first data stream group to form
the K1 first data streams participating in the block interleaving, and symbols of any two first data
streams in a same first data stream group are from a same codeword.

[00542] It should be understood that the first data stream group is merely a concept introduced
for ease of description. In actual application, the n first data streams are an entirety without division,
and each first data stream group may be considered as one or more data streams in the n first data
streams.

[00543] The following describes a specific implementation of the block interleaving.

[00544] FIG. 36 is a schematic diagram of an implementation of performing block interleaving
according to an embodiment of this application. As shown in FIG. 36, an implementation of one
block interleaver is used as an example for description. Each of K first data streams participating
in the block interleaving includes B symbols. In other words, the K first data streams include a
first symbol matrix, and the first symbol matrix includes K rows and B columns of symbols.
B=R*p*d, R is an integer greater than or equal to 1, and B symbols in each row of the first symbol
matrix are B consecutive symbols output from p delay lines, of a convolution interleaver, on which
polling is performed for R times. Each of S target data streams obtained through the block

interleaving includes F symbols, in other words, the S target data streams include a second symbol
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matrix, and the second symbol matrix includes S rows and F columns of symbols. K*B=S*F, and
F is a length of inner-code information data. It should be understood that symbols in the first
symbol matrix are from at least F different codewords, at most R*K1/K2 symbols in the first
symbol matrix are from a same codeword, and F symbols from different codewords are selected
from the first symbol matrix and mapped to one row of the second symbol matrix. That is, F
consecutive symbols in each target data stream are from F different codewords.

[00545] In a possible implementation, F symbols in each row of the second symbol matrix are
from at least [F/K2] columns in the first symbol matrix, at most K2 symbols are selected in
each of the [F/K2] columns, and [F/K2] represents an integer obtained by rounding up a
quotient of F/K2. The F symbols in each row of the second symbol matrix include at least |F/K1]|
symbols in each row of the first symbol matrix, |F/K1] represents an integer obtained by
rounding down a quotient of F/K1, the F symbols in each row of the second symbol matrix include
atmost [F/K1] symbolsin each row of the first symbol matrix, and [F/K1] represents an integer
obtained by rounding up a quotient of F/K1.

[00546] In another possible implementation, symbols, from odd-numbered columns of the first
symbol matrix, in each row of the second symbol matrix are located in different rows of the first
symbol matrix, and symbols, from even-numbered columns of the first symbol matrix, in each row
of the second symbol matrix are located in different rows of the first symbol matrix.

[00547] Instill another possible implementation, symbols that are output from delay lines with
a same delay value and that are in each row of the second symbol matrix are from different rows
of the first symbol matrix. At most K3 symbols in each row of the second symbol matrix are from
a same row of the first symbol matrix, and any two of the K3 symbols are respectively output from
two delay lines whose delay difference is greater than or equal to 2*Q*d.

[00548] It should be noted that, in actual application, the first symbol matrix and the second
symbol matrix may alternatively not be presented in a form of matrices. For example, the first
symbol matrix is presented as a first symbol set, and the first symbol set includes K*B symbol
subsets that respectively correspond to K rows and B columns of symbols in the first symbol matrix.
The second symbol matrix is presented as a second symbol set, and the second symbol set includes
S*F symbol subsets that respectively correspond to symbols in S rows and F columns in the second
symbol matrix.

[00549] In the present invention, for a concatenated FEC transmission solution, a data
interleaving and encoding method including convolutional interleaving, block interleaving, and
encoding is designed, so that a same interleaving solution can be used for all access services, and
the overall concatenated FEC solution has good performance and a low latency. Therefore, the

concatenated FEC transmission solution can be applied to a plurality of transmission scenarios,

104



10

15

20

25

30

35

and is particularly applicable to a transmission scenario that requires a low transmission latency,
for example, a low-latency data center interconnection scenario.

[00550] The following further describes, with reference to some specific embodiments, a
procedure of the interleaving processing method described in FIG. 34. It should be understood that
an inner-code parallelism degree in each of the following embodiments is a quantity of target data
streams. For example, inner-code parallelism degree 16 indicates that a quantity of target data
streams is 16. It should be further understood that a target symbol subset in the following
embodiments represents F consecutive symbols in the target data stream.

[00551] Embodiment 1: Uniform interleaving is used for all services, an information bit length
of inner-code encoding is 120 bits, and an inner-code parallelism degree is 16.

[00552] This embodiment provides a specific data interleaving and encoding scheme that is
service-insensitive and that is in an OIF LR scenario. A transmitter processing module performs
alignment marker lock (alignment lock) on lane data streams based on known alignment markers
(Alignment markers) of PCS lanes or FEC lanes of each service based on a type of the access
service. Known alignment markers of 32 lanes are different and are related to the access service.
The transmitter processing module then performs deskewing on a plurality of PCS lanes or FEC
lanes in each service. After the deskewing, the plurality of PCS/FEC lanes in a same service are
all AM aligned, and lane data streams between services only need to meet RS symbol alignment,
that is, a difference between AMs is an integer number of RS symbols.

[00553] FIG. 37 is a schematic diagram of a lane-aligned data stream format in a case of
2x400GbE host interfaces. For example, when an access service is a 2*400GbE service, 32 de-
skewed lane data streams are shown in FIG. 37. AM alignment is performed between 16 PCS lanes
in each 400GbE service, and a difference between AMs of two services is an integer number of
RS symbols. Then, lane reordering (lane reorder) is performed on data of the n=32 lanes based on
the alignment markers, so that the data of the n=32 lanes can be arranged in a specified sequence.
For example, when the access service is a 1*800GbE service, 32 lane data streams are shown in
FIG. 5. When the access service is a 2*400GbE service, 32 lane data streams are shown in FIG. 6.
When the access service is a 4*200GbE service, 32 lane data streams are shown in FIG. 7. When
the access service is an 8*100GbE service and is in a "100G RS-FEC-Int" mode, 32 lane data
streams are shown in FIG. 8. When the access service is an 8*100GbE service and is in a "100G
RS-FEC" mode, 32 lane data streams are shown in FIG. 9.

[00554] n=32 lane data streams on which the lane reordering is performed are sent to a
convolutional interleaving module and a block interleaving module for corresponding processing,
and then are sent to an inner-code encoder for inner-code encoding. After data processing is
performed on inner-code encoded data streams, data processed data streams are sent to a channel
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transmission medium for transmission. The data processing may include modulation and mapping
(mapping), channel interleaving (channel interleaving), polarization distribution (Polarization
distribution), DSP framing (Framing), and the like.

[00555] In this embodiment, convolutional interleaving is separately performed on the n=32
PCS lane data streams to obtain n=32 first data streams. Convolutional interleaving O,
convolutional interleaving 1, convolutional interleaving 2, ..., convolutional interleaving 31 use a
same interleaving structure. FIG. 16(a) shows a structure of a convolution interleaver that includes
p=3 delay lines (delay lines). The p=3 delay lines respectively include 2Q storage units, Q storage
units, and 0 storage units, and each storage unit is configured to store d=2 symbols. In other words,
a delay value of delay line 0 is 4Q symbols, a delay value of delay line 1 is 2Q symbols, and a
delay value of delay line 2 is 0 symbols, that is, no delay.

[00556] As shown in FIG. 16(a), C.() represents one RS symbol in lane data stream r

(where 0 <r <n-—1). For example, C.(6t) and C.(6t+ 1) represent two RS symbols that
are currently input into delay line 0 and that are in the lane data stream, and C.(6t — 12Q) and
C.(6t—12Q + 1) are two RS symbols output from delay line 0; C.(6t+ 2) and C.(6t+ 3)
represent two RS symbols that are subsequently input into delay line 1 and that are in the lane data
stream, and C.(6t — 6Q + 2) and C.(6t — 6Q + 3) are two RS symbols output from delay line
1, C.(6t+4) and C.(6t+ 5) represent two RS symbols that are subsequently input into delay
line 2 and that are in the lane data stream, and C.(6t+4) and C.(6t+ 5) are two RS symbols
output from delay line 2; C.(6t+ 6) and C.(6t+ 7) represent two RS symbols that are then
subsequently input into delay line 0 and that are in the lane data stream, and C.(6t — 12Q + 6)
and C.(6t— 12Q + 7) are two RS symbols output from delay line 0; and so on. When the access

service is a 1*800GbE service or a 2*400GbE service, thatd(pQ+ 1) > a *% is satisfied, in

other words, 6Q + 2 > 2 x 544/16, that is Q > 11, a total of six RS symbols, C.(6t — 12Q),
C.(6t—12Q+ 1), C (6t—6Q+2), C.(6t—6Q+3), C.(6t+4), and C.(6t+5), output
through the convolutional interleaving are from six different RS codewords. Then, data of two first
data stream subsets is aggregated by using block interleaving, so that 12 consecutive RS symbols
in the target data stream can be from 12 different RS codewords. Similarly, for another access
service, when Q > 11, with reference to subsequent block interleaving, 12 consecutive RS
symbols of the target data stream can be from 12 different RS codewords.

[00557] In a possible implementation, that Q = 11 is selected, and a specific structure of the
convolution interleaver is shown in FIG. 16(b). An interleaving latency corresponding to the
convolution interleaver is approximately 22*2*3/2=66 RS symbols.

[00558] The convolution interleaver shown in FIG. 16(b) separately performs convolutional
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interleaving on 32 PCS lane data streams to obtain 32 first data streams. Refer to the PCS/FEC
lane data streams shown in FIG. 5 to FIG. 9. It is not difficult to understand that the first data
stream at most includes G,,,x =8 first data stream subsets, and at least includes G,;, =2 first
data stream subsets. To use a same interleaving solution for all services and reduce a convolutional
interleaving delay, the first data streams are divided into K1 = G,,,x = 8 first data stream groups,
any two data streams in each first data stream group are from a same RS codeword, and
corresponding groups are specifically divided as follows: First data streams O to 3 are first data
stream group O, first data streams 4 to 7 are first data stream group 1, first data streams 8 to 11 are
first data stream group 2, first data streams 12 to 15 are first data stream group 3, first data streams
16 to 19 are first data stream group 4, first data streams 20 to 23 are first data stream group 5, first
data streams 24 to 27 are first data stream group 6, and the first data streams 28 to 31 are first data
stream group 7. Therefore, in this embodiment, the block interleaving shown in FIG. 35 is used,
and corresponding parameters are K=K1=8 and T=32/K1=4, and eight first data streams (any first
data stream selected from each first data stream group) are used as eight input data streams of
block interleaving i (where 0 <i < 4).

[00559] FIG. 38 is a schematic diagram of an implementation of block interleaving. As shown
in FIG. 38, eight input data streams of block interleaving i (where 0 < i < 4) are respectively first
data stream i, first data stream (i+4), first data stream (i+8), first data stream (i+12), first data
stream (i+16), first data stream (i+20), first data stream (i+24), and first data stream (i+28).
Consecutive B=6 RS symbols are obtained from each input data stream, to form a first symbol
matrix with eight rows and six columns, where six RS symbols in each row are respectively six
RS symbols output from delay line 0, delay line 1, and delay line 2, of the convolution interleaver
shown in FIG. 16(b), on which polling is performed for R=1 time. Refer to FIG. 5to FIG. 9. It is
not difficult to learn that the first symbol matrix is from at least 12 different RS codewords, and at
most four RS symbols belong to a same RS codeword. Further, in the first symbol matrix, a 0"
row to a 3" row are from at least six different RS codewords, a 4" row to a 7*" row are from at
least six different RS codewords, and the two are not from same RS codewords. Further, RS
codeword distribution in all odd-numbered columns or all even-numbered columns in the first
symbol matrix may be consistent. Further, in the first symbol matrix, distribution of RS codewords
ina 0" column to a 3™ column may be consistent, and distribution of RS codewords in a 2" column
to a 5 column may be consistent. Therefore, two RS symbols may be selected from each column
of the first symbol matrix, where one RS symbol is from any row from the 0" row to the 3" row,
and the other RS symbol is from any row from the 4™ row to the 7" row. A total of 12 RS symbols
are mapped to one row of the second symbol matrix, to obtain a second symbol matrix with four

rows and 12 columns. The 12 RS symbols in a t" (where 0 <t < 4) row of the second symbol
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matrix are 12 consecutive RS symbols in target data stream (i*4+t) output through block
interleaving i. Therefore, one row of the second symbol matrix is defined as a target symbol subset.
For ease of description, S(iX,jy),where ix € [0,7],jy € [0,5], is defined as a symbol representing
the i, row and the jyth column of the first symbol matrix. To enable the 12 RS symbols in the

target symbol subset to be from 12 different RS codewords, the six RS symbols selected from the
0™ row to the 3" row of the first symbol matrix or the six RS symbols selected from the 4™ row to
the 7t row of the first symbol matrix correspond to
S (ip,0),S(iy, 1),S(,, 2),S(3, 3),S(is, 4),and S(is, 5) in the first symbol matrix, where
ip,i;,1,,and i3 are not equal, i,,is, is,andiz are not equal, i, i,,andi, are not equal,
i;,i3,andig are not equal, and iy, iy, i,,13,14,andig € [0,3] or iy, iq,15,13,14, and is € [4,7] ,
which is equivalent to a case in which every two symbols in the target symbol subset are from a
same column in the first symbol matrix, one symbol is located in any row from the 0" row to the
3" row of the first symbol matrix, and the other symbol is located in any row from the 4" row to
the 7" row of the first symbol matrix. Further, six symbols from odd-numbered columns of the
first symbol matrix in the target symbol subset are located in different rows of the first symbol
matrix, and six symbols from even-numbered columns of the first symbol matrix are located in
different rows of the first symbol matrix. Further, in the target symbol subset, at least one symbol
is from a same row of the first symbol matrix, at most two symbols are from a same row of the
first symbol matrix, two symbols from the same row are output from two different delay lines that
are for convolutional interleaving, and a delay difference corresponding to the two delay lines is
greater than or equal to 2*d*Q=44 symbols. According to this rule, there are many specific
mappings from the first symbol matrix to the second symbol matrix. Table 1 to Table 4 provide
several specific mapping relationships. A number x in a y" row and a z" column in each table
indicates that an RS symbol in a y*" row and a z" column of the second symbol matrix is from an
x" RS symbol in the first symbol matrix, where 0 <y < 4,0 <z < 12,and 0 < x < 48, the x"
RS symbol in the first symbol matrix indicates a symbol in an (x%8)"" row and an (]x/8])"" column
of the first symbol matrix. It should be noted that, when switching between any rows, switching
between any columns, switching between any columns after switching between any rows, or
switching between any columns before switching between any rows in Table 1 to Table 4 is
performed, the foregoing mapping is still a valid mapping. It should be understood that x%8
represents a remainder obtained when x is divided by 8, and |x/8| represents a quotient obtained
when X is divided by 8. Similar representation manners are not described again in the following
embodiments.

[00560] Based on a relationship between the first symbol matrix and the first data stream, and

a relationship between the first data stream and a lane data stream, it is not difficult to learn that
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12 symbols of each target symbol subset are from K1=8 lane data streams, and the eight lane data
streams may be represented as lane data stream j,, lane data stream j;, lane data stream j,, lane
data stream js;,lane data stream j,, lane data stream j;, lane data stream j,;, and lane data
stream j;, ljx/4| = x,wherex € [0,7], and |j /4] represents rounding down to the nearest
integer of j,/4. Further, one symbol is obtained from each of four lane data streams, and two RS
symbols are obtained from each of the remaining four lane data streams. Further, if two RS
symbols are obtained from a lane data stream, spacing between the two RS symbols in the
corresponding lane data stream is greater than or equal to a*N*K2/n, in other words, greater than
or equal to 2*544*2/32=68 RS symbols. Further, at most two RS symbols are from two aligned

symbols in two different lane data streams.

Table 1
0 4 9 13 18 22 27 31 33 37 40 44
1 5 8 12 19 23 26 30 32 36 41 45
2 6 11 15 16 20 25 29 35 39 42 46
3 7 10 14 17 21 24 28 34 38 43 47
Table 2
0 4 9 13 19 23 26 30 33 37 40 44
1 5 8 12 18 22 27 31 32 36 41 45
2 6 11 15 17 21 24 28 35 39 42 46
3 7 10 14 16 20 25 29 34 38 43 47
Table 3
0 4 9 13 19 23 26 30 33 37 40 44
1 5 8 12 18 22 27 31 32 36 41 45
2 6 11 15 17 21 24 28 35 39 42 46
3 7 10 14 16 20 25 29 34 38 43 47

Table 4

0 4 9 13 19 23 26 30 33 37 40 44
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1 5 8 12 18 22 27 31 32 36 41 45
2 6 11 15 16 20 25 29 35 39 42 46
3 7 10 14 17 21 24 28 34 38 43 47

[00561] 16 target data streams are generated through block interleaving, and inner-code
encoding is performed on each target symbol subset in the 16 target data streams, where an
information bit length of the inner-code encoding is 120 bits. Specifically, an inner-code encoder
separately encodes and adds redundancy to a total of 120 bits of each target symbol subset in the
target data stream, to obtain 16 encoded data streams. In a possible implementation, inner-code
encoding is performed by using Hamming(128,120), and 8-bit redundancy is added to a total of
120 bits in 12 consecutive RS symbols in each target data stream, to obtain a 128-bit codeword. In
another possible implementation, inner-code encoding is performed by using BCH(136,120), and
16-bit redundancy is added to a total of 120 bits in 12 consecutive RS symbols in each target data
stream, to obtain a 136-bit codeword.

[00562] After data processing is performed on inner-code encoded data streams, data processed
data streams are sent to a channel transmission medium for transmission. The data processing may
include modulation and mapping (mapping), channel interleaving (channel interleaving),
polarization distribution (polarization distribution), DSP framing (framing), and the like. For
example, the inner-code encoded data streams may be interleaved, so as to improve a capability of
a system to resist a burst error.

[00563] By using the data interleaving and encoding scheme in this embodiment, concatenated
code of KP4 RS(544,514)+Hamming(128,120) in the scheme is under AWGN, a corresponding
pre-FEC BER for implementing a post-FEC bit error rate BER of 1E-15 is approximately 4.5E—
3, and performance approximates to optimal performance of a concatenated FEC scheme.
[00564] Embodiment 2: Uniform interleaving is used for all services, an information bit length
of inner-code encoding is 120 bits, and an inner-code parallelism degree is 32.

[00565] The convolution interleaver shown in FIG. 16(b) separately performs convolutional
interleaving on 32 PCS lane data streams to obtain 32 first data streams. Refer to the PCS/FEC
lane data streams shown in FIG. 5 to FIG. 9. It is not difficult to understand that the first data
stream at most includes G,,,x =8 first data stream subsets, and at least includes G, =2 first
data stream subsets. To use a same interleaving solution for all services and reduce a convolutional
interleaving delay, the first data streams are divided into K1 = G,,,x = 8 first data stream groups,
any two data streams in each first data stream group are from a same RS codeword, and
corresponding groups are specifically divided as follows: First data streams O to 3 are first data

stream group O, first data streams 4 to 7 are first data stream group 1, first data streams 8 to 11 are
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first data stream group 2, first data streams 12 to 15 are first data stream group 3, first data streams
16 to 19 are first data stream group 4, first data streams 20 to 23 are first data stream group 5, first
data streams 24 to 27 are first data stream group 6, and the first data streams 28 to 31 are first data
stream group 7. Therefore, in this embodiment, the block interleaving shown in FIG. 35 is used,
and corresponding parameters are K=K1=8 and T=32/K1=4, and eight first data streams (any first
data stream selected from each first data stream group) are used as eight input data streams of
block interleaving i (where 0 <i < 4).

[00566] FIG. 39 is a schematic diagram of another implementation of block interleaving. As
shown in FIG. 39, eight input data streams of block interleaving i (where 0 <i< 4) are
respectively first data stream i, first data stream (i+4), first data stream (i+8), first data stream
(i+12), first data stream (i+16), first data stream (i+20), first data stream (i+24), and first data
stream (i+28). 12 consecutive RS symbols are obtained from each input data stream, to form a first
symbol matrix with eight rows and 12 columns, where 12 RS symbols in each row are respectively
12 RS symbols consecutively output from delay line 0, delay line 1, and delay line 2, of the
convolution interleaver shown in FIG. 16(b), on which polling is performed for R=2 times. With
reference to FIG. 5 to FIG. 9, it is not difficult to learn that the first symbol matrix is from at least
12 different RS codewords, and at most R*K1/K2=8 RS symbols belong to a same RS codeword.
Further, in the first symbol matrix, a 0" row to a 3 row are from at least six different RS
codewords, a 4" row to a 7" row are from at least six different RS codewords, and the two are not
from same RS codewords. Further, RS codeword distribution in all odd-numbered columns or all
even-numbered columns in the first symbol matrix may be consistent. Further, in the first symbol
matrix, RS codeword distribution in all of a 0" column to a 3™ column may be consistent, RS
codeword distribution in all of a 2" column to a 5" column may be consistent, RS codeword
distribution in all of a 6" column to a 9" column may be consistent, and RS codeword distribution
in all of an 8™ column to an 11" column may be consistent. Further, RS codeword distribution in
a j" column, a (j+1)™ column, a (j+6)™ column, and a (j+7)™ column (where j € {0, 2, 4}) of the
first symbol matrix may be consistent. Therefore, a total of 12 RS symbols (one symbol from each
column of the first symbol matrix) may be selected and mapped to one row of the second symbol
matrix, to obtain the second symbol matrix with eight rows and 12 columns. 12 RS symbols in a
t" (where 0 < t < 8) row of the second symbol matrix are 12 consecutive RS symbols in target
data stream (i*8+t) output through block interleaving i. Therefore, one row of the second symbol
matrix is defined as a target symbol subset. For ease of description, S(ix, jy),where iy €

[0,7],iv € [0,11], is defined as a symbol representing the i," row and the jyth column of the first

y
symbol matrix. To enable the 12 RS symbols in the target symbol subset to be from 12 different
RS codewords, the 12 RS symbols correspond to S (ip, 0),S(i,1),S(i,,2) , ..,
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S(i19,10),and S(i;1,11) in the first symbol matrix. iy, i,,i,,and i; are unequal to each other,
i,i3,i4,andis are unequal to each other, ig i, ig,andiy are unequal to each other,
ig,i9,1;9,and i;; are unequal to each other, iy, i;,ig,andi;, are unequal to each other,
i,,i3,ig,and iy are unequal to each other, i,,is,i;4,andi;, are unequal to each other,
ig,15,14,16,1g,and i;, are unequal to each other, i,,is,is,i7,19,1;; are unequal to each other, and
ig,1q,15,13,14, 15, ig, i7, ig, 19, 119, and i;; € [0,7]. This is equivalent to a case in which each symbol
in the target symbol subset is from a same column in the first symbol matrix. Further, six symbols,
from odd-numbered columns of the first symbol matrix, in the target symbol subset are located in
different rows of the first symbol matrix, and six symbols, from even-numbered columns of the
first symbol matrix, in the target symbol subset are located in different rows of the first symbol
matrix. Further, symbols that are output from a delay line with a same delay value, that are from
the first symbol matrix, and that are in the target symbol subset are located in different rows of the
first symbol matrix. Further, in the target symbol subset, at least one symbol is from a same row
of the first symbol matrix, at most two symbols are from a same row of the first symbol matrix,
the two symbols from the same row are output from two different delay lines for convolutional
interleaving, and a delay difference corresponding to the two delay lines is greater than or equal to
2*d*Q=44 symbols. According to this rule, there are many specific mappings from the first symbol
matrix to the second symbol matrix. Table 5 to Table 8 below provide several specific mapping
relationships. Number x in a y" row and a z" column in each table indicates that an RS symbol in
ay" row and a z" column of the second symbol matrix is from an x™" RS symbol in the first symbol
matrix, where 0 <y < 8,0 <z < 12,and 0 < x < 96, the x" RS symbol in the first symbol
matrix indicates a symbol in an (x%8)" row and an (|x/8])" column of the first symbol matrix. It
should be noted that, when switching between any rows, switching between any columns,
switching between any columns after switching between any rows, or switching between any
columns before switching between any rows is performed, the foregoing mapping is still a valid
mapping.

[00567] According to an RS codeword distribution rule in the first symbol matrix, another
mapping manner from the first symbol matrix to the target symbol subset is: A total of six columns
(any column from a (2*j)"" column and a (2*j+1)"" column (where j € [0,5]) of the first symbol
matrix) are selected, and then a total of 12 RS symbols (two RS symbols from each of the selected
six columns) are selected and mapped to the target symbol subset. The correspondingly selected
12 RSs correspond to S (ig,jo), S(i1,jo), SCz,j1) »  S(is,j1),S(4,j2), SUs,j2)
S(ie,j3), S(i7,j3), S(ig,ja), S(g,ja), S(i1g,js),and S(i;4,js) that are in the first symbol matrix.
ip,i;,1,,and i3 are unequal to each other, i,,isis,andis are unequal to each other,
ig,i7,ig,and iy are unequal to each other, ig, iq,i;9,andiy; are unequal to each other,
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ig,i;,1¢,and i, are unequal to each other, i,,is, ig,andiy are unequal to each other, and
iy,15,110,and i;; are unequal to each other.
g, 11,12, 13, 14, 15, I, I7, Ig, l9, I10, 111, 112, 113, I14,and iy5 € [0,7] . jo€[01]j; €[23]); €
[4,5],j5 € [6,7],j4 € [8,9],js € [10,11],j, € [12,13],and j, € [14,15]. This is equivalent to a
case in which every two symbols in the target symbol subset are from a same column in the first
symbol matrix, one symbol is located in any row from a 0" row to a 3™ row of the first symbol
matrix, and the other symbol is located in any row from a 4" row to a 7" row of the first symbol
matrix. Further, six symbols, from odd-numbered columns of the first symbol matrix, in the target
symbol subset are located in different rows of the first symbol matrix, and six symbols, from even-
numbered columns of the first symbol matrix, in the target symbol subset are located in different
rows of the first symbol matrix. Further, symbols that are output from a delay line with a same
delay value, that are from the first symbol matrix, and that are in the target symbol subset are
located in different rows of the first symbol matrix. Further, in the target symbol subset, at most
two symbols are from a same row of the first symbol matrix, the two symbols from the same row
are output from two different delay lines for convolutional interleaving, and a delay difference
corresponding to the two delay lines is greater than or equal to 2*d*Q=44 symbols. According to
this rule, there are many specific mappings from the first symbol matrix to the second symbol
matrix. Table 9 to Table 12 provide several specific mapping relationships. Number x in a y" row
and a z" column in each table indicates that an RS symbol in a y* row and a z*" column of the
second symbol matrix is from an x" RS symbol in the first symbol matrix, where 0 <y < 8,0 <
z<12,and 0 < x < 96, the x" RS symbol in the first symbol matrix indicates a symbol in an
(x%8)" row and an (|x/8])" column of the first symbol matrix. It should be noted that, when
switching between any rows, switching between any columns, switching between any columns
after switching between any rows, or switching between any columns before switching between
any rows is performed, the foregoing mapping is still a valid mapping.

[00568] Based on a relationship between the first symbol matrix and the first data stream, and
a relationship between the first data stream and a lane data stream, it is not difficult to learn that
12 symbols of each target symbol subset are from K1=8 lane data streams, and the eight lane data
streams may be represented as lane data stream j,, lane data stream j;, lane data stream j,, lane
data stream js,lane data stream j,, lane data stream jg, lane data stream j,, and lane data
stream j;, ljx/4| = x,wherex € [0,7], and |ji /4] represents rounding down to the nearest
integer of j,/4. Further, one symbol is obtained from each of four lane data streams, and two RS
symbols are obtained from each of the remaining four lane data streams. Further, if two RS
symbols are obtained from a lane data stream, spacing between the two RS symbols in the
corresponding lane data stream is greater than or equal to a*N*K2/n, in other words, greater than

113



or equal to 2*544*2/32=68 RS symbols. Further, at most two RS symbols are from two aligned
RS symbols in two different lane data streams.

Table 5
0 9 18 27 33 40 52 61 70 79 85 92
1 8 19 26 32 41 53 60 71 78 84 93
2 11 16 25 35 42 54 63 68 77 87 94
3 10 17 24 34 43 55 62 69 76 86 95
4 13 22 31 37 44 48 57 66 75 81 88
5 12 23 30 36 45 49 56 67 74 80 89
6 15 20 29 39 46 50 59 64 73 83 90
7 14 21 28 38 47 51 58 65 72 82 91

Table 6
0 9 18 27 33 40 52 61 70 79 85 92
1 8 19 26 32 41 53 60 71 78 84 93
2 11 17 24 35 42 54 63 69 76 87 94
3 10 16 25 34 43 55 62 68 77 86 95
4 13 22 31 37 44 48 57 66 75 81 88
5 12 23 30 36 45 49 56 67 74 80 89
6 15 21 28 39 46 50 59 65 72 83 90
7 14 20 29 38 47 51 58 64 73 82 91

Table 7

9 19 26 33 40 52 61 71 78 85 92
8 18 27 32 41 53 60 70 79 84 93
11 17 24 35 42 54 63 69 76 87 94
10 16 25 34 43 55 62 68 77 86 95
13 23 30 37 44 48 57 67 74 81 88
12 22 31 36 45 49 56 66 75 80 89
15 21 28 39 46 50 59 65 72 83 90
14 20 29 38 47 51 58 64 73 82 91
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Table 11

19 23 33 37 57 61 74 78 88 92
18 22 32 36 56 60 75 79 89 93
17 21 35 39 59 63 72 76 90 94
16 20 34 38 58 62 73 77 91 95
13 26 30 40 44 48 52 67 71 81 85
12 27 31 41 45 49 53 66 70 80 84
11 15 24 28 42 46 50 54 65 69 83 87
10 14 25 29 43 47 51 55 64 68 82 86

~N| o o b~

| ©f Wl N| k| O

Table 12

4 19 23 33 37 57 61 74 78 88 92
5 18 22 32 36 56 60 75 79 89 93
6
7

16 20 35 39 59 63 73 77 90 94
17 21 34 38 58 62 72 76 91 95
13 26 30 40 44 48 52 67 71 81 85
12 27 31 41 45 49 53 66 70 80 84
11 15 25 29 42 46 50 54 64 68 83 87
10 14 24 28 43 47 51 55 65 69 82 86

| ©| Wi N | O

[00569] 32 target data streams are generated through block interleaving, and inner-code
encoding is performed on each target symbol subset in the 32 target data streams, where an
information bit length of the inner-code encoding is 120 bits. Specifically, an inner-code encoder
separately encodes and adds redundancy to a total of 120 bits of each target symbol subset in the
target data stream, to obtain 32 encoded data streams. In a possible implementation, inner-code
encoding is performed by using Hamming(128,120), and 8-bit redundancy is added to a total of
120 bits in 12 consecutive RS symbols in each target data stream, to obtain a 128-bit codeword. In
another possible implementation, inner-code encoding is performed by using BCH(136,120), and
16-bit redundancy is added to a total of 120 bits in 12 consecutive RS symbols in each target data
stream, to obtain a 136-bit codeword.

[00570] After data processing is performed on inner-code encoded data streams, data processed
data streams are sent to a channel transmission medium for transmission. The data processing may

include modulation and mapping (mapping), channel interleaving (channel interleaving),
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polarization distribution (polarization distribution), DSP framing (framing), and the like. For
example, the inner-code encoded data streams may be interleaved, so as to improve a capability of
a system to resist a burst error.

[00571] By using the data interleaving and encoding scheme in this embodiment, concatenated
code of KP4 RS(544,514)+Hamming(128,120) in the scheme is under AWGN, a corresponding
pre-FEC BER for implementing a post-FEC bit error rate BER of 1E-15 is approximately 4.5E—
3, and performance approximates to optimal performance of a concatenated FEC scheme.
[00572] Embodiment 3: Uniform interleaving is used for all services, an information bit length
of inner-code encoding is 160 bits, and an inner-code parallelism degree is 16.

[00573] In this embodiment, the structure shown in FIG. 11 is used for the convolutional
interleaving, and the convolutional interleaving is separately performed on n=32 PCS lane data
streams to obtain n=32 first data streams. Convolutional interleaving 0, convolutional interleaving
1, convolutional interleaving 2, ..., convolutional interleaving 31 use a same interleaving structure.
FIG. 18(a) shows a structure of a convolution interleaver that includes p=4 delay lines (delay lines).
The four delay lines respectively include 3Q storage units, 2Q storage units, Q storage units, and
0 storage units, and each storage unit is configured to store d=2 symbols. In other words, a delay
value of delay line 0 is 6Q symbols, a delay value of delay line 1 is 4Q symbols, a delay value of

delay line 2 is 2Q symbols, and a delay value of delay line 3 is 0 symbols, that is, no delay.
[00574] As shown in FIG. 18(a), C.() represents one RS symbol in lane data stream r

(where 0 <r <n-—1). For example, C.(8t) and C.(8t+ 1) represent two RS symbols that
are currently input into delay line 0 and that are in the lane data stream, and C.(8t — 24Q) and
C.(8t—24Q + 1) are two RS symbols output from delay line 0; C.(8t+ 2) and C.(8t+ 3)
represent two RS symbols that are subsequently input into delay line 1 and that are in the lane data
stream, and C.(8t— 16Q + 2) and C.(8t— 16Q + 3) are two RS symbols output from delay
line 1; C.(8t+4) and C.(8t+ 5) represent two RS symbols that are subsequently input into
delay line 2 and that are in the lane data stream, and C.(8t—8Q +4) and C.(8t—8Q+ 5) are
two RS symbols output from delay line 2; C.(8t+ 6) and C.(8t+ 7) representtwo RS symbols
that are then subsequently input into delay line 3 and that are in the lane data stream, and
C.(8t+6) and C.(8t+ 7) are two RS symbols output from delay line 3; and so on. With
reference to FIG. 5 and FIG. 6, it can be seen that when 8Q + 2 > 68, that is, Q > 9, a total of
eight RS symbols C.(8t —24Q), C.(8t—24Q+ 1), C.(8t—16Q +2), C.(8t—16Q + 3),
C(8t—8Q+4), C.(8t—8Q+5), C.(8t+6) and C.(8t+7) output through the
convolutional interleaving are from eight different RS codewords. Then, data of the two first data
stream subsets is aggregated by using block interleaving, so that 16 consecutive RS symbols in the

target data stream can be from 16 different RS codewords. Similarly, for another access service,
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with reference to subsequent block interleaving, when Q > 9, 16 consecutive RS symbols of the
target data stream can be from 16 different RS codewords.

[00575] In a possible implementation, that Q = 9 is selected, and a specific structure of the
convolution interleaver is shown in FIG. 18(b). An interleaving latency corresponding to the
convolution interleaver is approximately 27*2*4/2=108 RS symbols.

[00576] The convolution interleaver shown in FIG. 18(b) separately performs convolutional
interleaving on 32 PCS lane data streams to obtain 32 first data streams. Refer to the PCS/FEC
lane data streams shown in FIG. 5 to FIG. 9. It is not difficult to understand that the first data
stream at most includes G,,,x =8 first data stream subsets, and at least includes G,;, =2 first
data stream subsets. To use a same interleaving solution for all services and reduce a convolutional
interleaving delay, the first data streams are divided into K1 = G,,,x = 8 first data stream groups,
any two data streams in each first data stream group are from a same RS codeword, and
corresponding groups are specifically divided as follows: First data streams 0 to 3 are first data
stream group O, first data streams 4 to 7 are first data stream group 1, first data streams 8 to 11 are
first data stream group 2, first data streams 12 to 15 are first data stream group 3, first data streams
16 to 19 are first data stream group 4, first data streams 20 to 23 are first data stream group 5, first
data streams 24 to 27 are first data stream group 6, and the first data streams 28 to 31 are first data
stream group 7. Therefore, in this embodiment, the block interleaving shown in FIG. 35 is used,
and corresponding parameters are K=K1=8 and T=32/K1=4, and eight first data streams (any first
data stream selected from each first data stream group) are used as eight input data streams of
block interleaving i (where 0 <i < 4).

[00577] FIG. 40 is a schematic diagram of another implementation of block interleaving. As
shown in FIG. 40, eight input data streams of block interleaving i (where 0 <i < 4) are
respectively first data stream i, first data stream (i+4), first data stream (i+8), first data stream
(i+12), first data stream (i+16), first data stream (i+20), first data stream (i+24), and first data
stream (i+28). Consecutive eight RS symbols are obtained from each input data stream, to form a
first symbol matrix with eight rows and eight columns, where eight RS symbols in each row are
respectively eight RS symbols output from delay line 0, delay line 1, delay line 2, and delay line
3, of the convolution interleaver shown in FIG. 18(b), on which polling is performed for R=1 time.
With reference to FIG. 5 to FIG. 9, it is not difficult to learn that the first symbol matrix is from
16 different RS codewords and every four RS symbols belong to a same codeword. Further, in the
first symbol matrix, a 0" row to a 3" row are from eight different RS codewords, a 4" row to a 7"
row are from eight different RS codewords, and the two are not from same RS codewords. Further,
RS codeword distribution in all odd-numbered columns or all even-numbered columns in the first

symbol matrix may be consistent. Further, in the first symbol matrix, RS codeword distribution in
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a 0" column to a 3" column may be consistent, RS codeword distribution in a 2" column to a 5%
column may be consistent, and RS codeword distribution in a 4" column to a 7" column may be
consistent. Therefore, two RS symbols may be selected from each column of the first symbol
matrix. One RS symbol is from any row of the 0" row to the 3" row, and the other RS symbol is
from any row of the 4" row to the 7" row. A total of 16 RS symbols are mapped to one row of the
second symbol matrix, to obtain the second symbol matrix with four rows and 16 columns. 16 RS
symbols in a t" (where 0 <t < 4) row of the second symbol matrix are 16 consecutive RS
symbols in target data stream (i*4+t) output through block interleaving i. Therefore, one row of
the second symbol matrix is defined as a target symbol subset. For ease of description,
S(ix jy), where iy € [0,7],j, € [0,7], is defined as a symbol representing the i,™ row and the j,"
column of the first symbol matrix. To enable 16 RS symbols in the target symbol subset to be from
16 different RS codewords, the eight RS symbols selected from the 0™ row to the 3" row of the
first symbol matrix or the eight RS symbols selected from the 4™ row to the 7" row of the first
symbol matrix correspond to
S(iy, 0),S(iy, 1),S(iy, 2), S(is, 3),S(is, 4),S(is, 5), S(ig, 6), and S(i5, 7) in the first symbol matrix,
where iy, iy,i,,and i3 arenotequal, i,,is,i4,and is are notequal, iy, is,ig, and i, are notequal,
ip,i,,i4,and iy are not equal, iy, i3, is,andi; are not equal, and iy, iy, iy,i3,14,15,1g,and i, €
[0,3] or iy, iy,15,13, 14, i5, i, and i, € [4,7]. This is equivalent to a case in which every two symbols
in the target symbol subset are from a same column in the first symbol matrix, one symbol is
located in any row from the 0" row to the 3™ row of the first symbol matrix, and the other symbol
is located in any row from the 4" row to the 7" row of the first symbol matrix. Further, eight
symbols, from odd-numbered columns of the first symbol matrix, in the target symbol subset are
located in different rows of the first symbol matrix, and eight symbols, from even-numbered
columns of the first symbol matrix, are located in different rows of the first symbol matrix. Further,
in the target symbol subset, every two symbols are from a same row of the first symbol matrix, the
two symbols from the same row are output from two different delay lines for convolutional
interleaving, and a delay difference corresponding to the two delay lines is greater than or equal to
2*d*Q=44 symbols. According to this rule, there are many specific mappings from the first symbol
matrix to the second symbol matrix. Table 13 to Table 16 below provide several specific mapping
relationships. Number x in a y" row and a z" column in each table indicates that an RS symbol in
ay" row and a z" column of the second symbol matrix is from an x™ RS symbol in the first symbol
matrix, where 0 <y < 4,0 <z < 16,and 0 < x < 64, the x" RS symbol in the first symbol
matrix indicates a symbol in an (x%8)" row and an (|x/8])" column of the first symbol matrix. It
should be noted that, when switching between any rows, switching between any columns,
switching between any columns after switching between any rows, or switching between any
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columns before switching between any rows in the tables is performed, the foregoing mapping is
still a valid mapping.

[00578] Based on a relationship between the first symbol matrix and a first data stream, and a
relationship between the first data stream and a lane data stream, it is not difficult to learn that 16
symbols of each target symbol subset are from K1=8 lane data streams, where the eight lane data
streams may be represented as lane data stream j,, lane data stream j;, lane data stream j,, lane
data stream js,lane data stream j,, lane data stream js;, lane data stream js, and lane data
stream j,. |jx/4] = x, where x € [0,7]. |jx/4] represents rounding down to the nearest integer
of jy/4. Further, if two symbols are obtained from each lane data stream, spacing between the two
RS symbols in the corresponding lane data stream is greater than or equal to a*N*K2/n, in other
words, greater than or equal to 2*544*2/32=68 RS symbols. Further, at most two RS symbols are
from two aligned RS symbols in two different lane data streams.

Table 13
0 4 9 13 |18 |22 |27 |31 |33 |37 |40 |44 |51 |55 |58 |62
1 5 8 12 |19 |23 |26 |30 [32 [36 |41 |45 |50 |54 |59 |63
2 6 11 |15 |16 |20 |25 |29 |35 (39 |42 |46 |49 |53 |56 |60
3 7 10 (14 (17 |21 |24 |28 |34 |38 |43 |47 |48 |52 |57 |61
Table 14
0 4 9 13 |18 |22 |27 |31 |33 |37 |40 |44 |51 |55 |58 |62
1 5 8 12 |19 |23 |26 |30 [32 [36 [41 |45 |50 |54 |59 |63
2 6 11 |15 |17 |21 |24 |28 |35 (39 |42 |46 |48 |52 |57 |61
3 7 10 |14 |16 |20 |25 |29 (34 (38 |43 |47 |49 |53 |56 |60

Table 15

11 |15 |17 |21 |24 |28 |35 |39 |42 |46 |48 |52 |57 |61
10 |14 |16 |20 |25 |29 |34 |38 |43 |47 |49 |53 |56 |60

wW| N k| O
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Table 16

4 9 13 |19 |23 |26 |30 |33 |37 |40 |44 |50 |54 |59 |63
5 8 12 |18 |22 |27 |31 |32 |36 |41 |45 |51 |55 |58 |62
6
7

11 |15 |16 |20 |25 |29 |35 |39 |42 |46 |49 |53 |56 |60
10 (14 |17 |21 |24 |28 |34 |38 |43 |47 |48 |52 |57 |61

w| N k| O

[00579] 16 target data streams are generated through block interleaving, and inner-code
encoding is performed on each target symbol subset in the 16 target data streams, where an
information bit length of the inner-code encoding is 160 bits. Specifically, an inner-code encoder
separately encodes and adds redundancy to a total of 160 bits of each target symbol subset in the
target data stream, to obtain 16 encoded data streams. In a possible implementation, inner-code
encoding is performed by using Hamming(170,160), and 10-bit redundancy is added to a total of
160 bits in 16 consecutive RS symbols in each target data stream, to obtain a 170-bit codeword. In
another possible implementation, inner-code encoding is performed by using BCH(176,160), and
16-bit redundancy is added to a total of 160 bits in 16 consecutive RS symbols in each target data
stream, to obtain a 176-bit codeword. After data processing is performed on inner-code encoded
data streams, data processed data streams are sent to a channel transmission medium for
transmission.

[00580] After the data processing is performed on the inner-code encoded data streams, the data
processed data streams are sent to the channel transmission medium for transmission. The data
processing may include modulation and mapping (mapping), channel interleaving (channel
interleaving), polarization distribution (polarization distribution), DSP framing (framing), and the
like. For example, the inner-code encoded data streams may be interleaved, so as to improve a
capability of a system to resist a burst error.

[00581] By using the data interleaving and encoding scheme in this embodiment, when
Hamming(170,160) is used as inner code, concatenated code of KP4
RS(544,514)+Hamming(170,160) in the scheme is under AWGN, a corresponding pre-FEC BER
for implementing a post-FEC bit error rate BER of 1E-15 is approximately 4.3E-3, and
performance approximates to optimal performance of the concatenated FEC scheme. When the
inner code uses BCH(176,160), concatenated code of KP4 RS(544,514)+BCH(176,160) in the
scheme is under AWGN, a corresponding pre-FEC BER for implementing a post-FEC bit error
rate BER of 1E-15 is approximately 8.3E-3, and performance approximates to optimal
performance of the concatenated FEC scheme.

[00582] Embodiment 4: Uniform interleaving is used for all services, an information bit length
of inner-code encoding is 160 bits, and an inner-code parallelism degree is 32.

121



10

15

20

25

30

35

[00583] The convolution interleaver shown in FIG. 18(b) separately performs convolutional
interleaving on 32 PCS lane data streams to obtain 32 first data streams. Refer to the PCS/FEC
lane data streams shown in FIG. 5 to FIG. 9. It is not difficult to understand that the first data
stream at most includes G,,,x =8 first data stream subsets, and at least includes G,;, =2 first
data stream subsets. To use a same interleaving solution for all services and reduce a convolutional
interleaving delay, the first data streams are divided into K1 = G, = 8 first data stream groups,
any two data streams in each first data stream group are from a same RS codeword, and
corresponding groups are specifically divided as follows: First data streams 0 to 3 are first data
stream group O, first data streams 4 to 7 are first data stream group 1, first data streams 8 to 11 are
first data stream group 2, first data streams 12 to 15 are first data stream group 3, first data streams
16 to 19 are first data stream group 4, first data streams 20 to 23 are first data stream group 5, first
data streams 24 to 27 are first data stream group 6, and the first data streams 28 to 31 are first data
stream group 7. Therefore, in this embodiment, block interleaving shown in FIG. 35 is used, and
corresponding parameters are K=K1=8 and T=32/K1=4, and eight first data streams (any first data
stream selected from each first data stream group) are used as eight input data streams of block
interleaving i (where 0 <i < 4).

[00584] FIG. 41 is a schematic diagram of another implementation of block interleaving. As
shown in FIG. 41, eight input data streams of block interleaving i (where 0 <i < 4) are
respectively first data stream i, first data stream (i+4), first data stream (i+8), first data stream
(i+12), first data stream (i+16), first data stream (i+20), first data stream (i+24), and first data
stream (i+28). Consecutive 16 RS symbols are obtained from each input data stream, to form a
first symbol matrix with eight rows and 16 columns, where 16 RS symbols in each row are
respectively 16 RS symbols consecutively output from delay line 0, delay line 1, delay line 2, and
delay line 3, of the convolution interleaver shown in FIG. 18(b), on which polling is performed for
R=2 times. With reference to FIG. 5 to FIG. 9, it is not difficult to learn that the first symbol matrix
is from 16 different RS codewords, and every eight RS symbols belong to a same RS codeword.
Further, in the first symbol matrix, a 0" row to a 3 row are from at least eight different RS
codewords, a 4" row to a 7" row are from at least eight different RS codewords, and the two are
not from same RS codewords. Further, RS codeword distribution in all odd-numbered columns or
all even-numbered columns in the first symbol matrix may be consistent. Further, in the first
symbol matrix, RS codeword distribution in a 0" column to a 3™ column may be consistent, RS
codeword distribution in a 2" column to a 5" column may be consistent, RS codeword distribution
in a 4" column to a 7" column may be consistent, RS codeword distribution in an 8" column to an
11" column may be consistent, RS codeword distribution in a 10" column to a 13" column may

be consistent, and RS codeword distribution in a 12" column to a 15" column may be consistent.
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Further, RS codeword distribution in a j™ column, a (j+1)"" column, a (j+8)"" column, and a (j+9)"
column (where j € {0, 2, 4, 6}) of the first symbol matrix may be consistent. Therefore, a total of
16 RS symbols (one symbol from each column of the first symbol matrix) may be selected and
mapped to one row of a second symbol matrix, to obtain the second symbol matrix with eight rows
and 16 columns. 16 RS symbols in a t" (where 0 < t < 8) row of the second symbol matrix are
16 consecutive RS symbols in target data stream (i*8+t) output through block interleaving i.
Therefore, one row of the second symbol matrix is defined as a target symbol subset. For ease of
description, S(ix,jy),where iy € [0,7],jy € [0,15], is defined as a symbol representing the il
row and the jyth column of the first symbol matrix. To enable the 16 RS symbols in the target

symbol subset to be from 16 different RS codewords, the 16 RS symbols correspond to
S(ig, 0),S(iy, 1),S(iy, 2), ..., S(i14, 14),and S(iy5, 15) in the first symbol matrix. iy, iy, i,,and is
are unequal to each other, i,,i3,i4,and is are unequal to each other, i, is,ig, and i, are unequal
to each other, ig,iq,i;9,and i;; are unequal to each other, i;,,1;41,1;2,and i;3 are unequal to each
other, iy,,i;3,114,and i;5 are unequal to each other, i,,i,,ig,and iy are unequal to each other,
i,,i3,i;9,and i;; are unequal to each other, i,,is,i;,,andi;3 are unequal to each other,
ig,i7,114,and i;5 are unequal to each other, iy, i,,14,1¢,1g,110,112, and i;, are unequal to each
other, iy,i3,1g,17,19,117,173,and iyg are unequal to each other, and
ig, 11,12, 13,14, 15, 1¢, 17, ig, ig, 110, 111, 112, i13, I14, and i;5 € [0,7]. This is equivalent to a case in
which each symbol in the target symbol subset is from a same column in the first symbol matrix.
Further, eight symbols, from odd-numbered columns of the first symbol matrix, in the target
symbol subset are located in different rows of the first symbol matrix, and eight symbols, from
even-numbered columns of the first symbol matrix, in the target symbol subset are located in
different rows of the first symbol matrix. Further, symbols that are output from a delay line with a
same delay value, that are from the first symbol matrix, and that are in the target symbol subset
are located in different rows of the first symbol matrix. Further, in the target symbol subset, every
two symbols are from a same row of the first symbol matrix, the two symbols from the same row
are output from two different delay lines for convolutional interleaving, and a delay difference
corresponding to the two delay lines is greater than or equal to 2*d*Q=44 symbols. According to
this rule, there are many specific mappings from the first symbol matrix to the second symbol
matrix. Table 17 to Table 20 below provide several specific mapping relationships. Number x in a
y" row and a z™" column in each table indicates that an RS symbol in a y" row and a z" column of
the second symbol matrix is from an x™" RS symbol in the first symbol matrix, where 0 <y <
8,0 <z < 16,and 0 < x < 128, the x™ RS symbol in the first symbol matrix indicates a symbol
in an (x%8)" row and an (|x/8])™ column of the first symbol matrix. It should be noted that, when

switching between any rows, switching between any columns, interleaving between any columns
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after switching between any rows, or switching between any columns before switching between
any rows in the tables is performed, the foregoing mapping is still a valid mapping.

[00585] According to an RS codeword distribution rule in the first symbol matrix, another
mapping manner from the first symbol matrix to the target symbol subset is: A total of eight
columns (any column from a (2*j)™ column and a (2*j+1)™ column (where j € [0,7]) of the first
symbol matrix) are selected, and then a total of 16 RS symbols (two RS symbols from each of the
selected eight columns) are selected and mapped to the target symbol subset. The correspondingly
selected 16 RSs correspond to S (ig,jo), S(1,j0),SC2,j1) » S(is,j1),S(4,j2), S(s,j2)
S(ie, j3), S(i7,3), S(ig, ja), SCio, ja), S(i10,j5), S(i11,j5), S(i12,J6), S(i13, J6), S(i14, j7), and S(iys, j7)
that are in the first symbol matrix. i,,i;,1,,and i; are unequal to each other, i,,i3,i,,and is are
unequal to each other, i,,1is,1s,and i, are unequal to each other, ig,iy,i,9,and i;; are unequal to
each other, i;,1;1,112,and i;3 are unequal to each other, i;,,1;3,114,and i;5 are unequal to each
other, iy, i;,ig,and iy are unequal to each other, i,, iz, i;9,andi;; are unequal to each other,
is,15,1;,,and i;5 are unequal to each other, and ig,i,,i,4,and i;5s are unequal to each other.
g, 1y, 13,13, 14, 15, I, I7, Ig, l9, I10, 111, 112, 113, l14,and iy5 € [0,7] . jo€[01]j; €[23]); €
[4,5],j3 € [6,7],j4 € [8,9],js € [10,11],j, € [12,13],and j, € [14,15]. This is equivalent to a
case in which every two symbols in the target symbol subset are from a same column in the first
symbol matrix, one symbol is located in any row from a 0" row to a 3™ row of the first symbol
matrix, and the other symbol is located in any row from a 4" row to a 7" row of the first symbol
matrix. Further, eight symbols, from odd-numbered columns of the first symbol matrix, in the
target symbol subset are located in different rows of the first symbol matrix, and eight symbols,
from even-numbered columns of the first symbol matrix, in the target symbol subset are located
in different rows of the first symbol matrix. Further, symbols that are output from a delay line with
a same delay value, that are from the first symbol matrix, and that are in the target symbol subset
are located in different rows of the first symbol matrix. Further, in the target symbol subset, every
two symbols are from a same row of the first symbol matrix, the two symbols from the same row
are output from two different delay lines for convolutional interleaving, and a delay difference
corresponding to the two delay lines is greater than or equal to 2*d*Q=44 symbols. According to
this rule, there are many specific mappings from the first symbol matrix to the second symbol
matrix. Table 21 to Table 24 provide several specific mapping relationships. Number x in a y row
and a z" column in each table indicates that an RS symbol in a y* row and a z*" column of the
second symbol matrix is from an x" RS symbol in the first symbol matrix, where 0 <y < 8,0 <
z < 16,and 0 < x < 128, the x™ RS symbol in the first symbol matrix indicates a symbol in an
(x%8)" row and an (|x/8])" column of the first symbol matrix. It should be noted that, when
switching between any rows, switching between any columns, interleaving between any columns
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after switching between any rows, or switching between any columns before switching between
any rows in the tables is performed, the foregoing mapping is still a valid mapping.

[00586] Based on a relationship between the first symbol matrix and a first data stream, and a
relationship between the first data stream and a lane data stream, it is not difficult to learn that 16
symbols of each target symbol subset are from K1=8 lane data streams, where the eight lane data
streams may be represented as lane data stream j,, lane data stream j;, lane data stream j,, lane
data stream js,lane data stream j,, lane data stream js;, lane data stream js, and lane data
stream j,. |jx/4] = x,where x € [0,7]. |jx/4] represents rounding down to the nearest integer
of jy/4. Further, if two symbols are obtained from each lane data stream, spacing between the two
RS symbols in the corresponding lane data stream is greater than or equal to a*N*K2/n, in other
words, greater than or equal to 2*544*2/32=68 RS symbols. Further, at most two RS symbols are
from two aligned RS symbols in two different lane data streams.

Table 17

9 18 |27 |33 |40 |51 |58 |68 |77 |86 |95 |101 [108 |119 | 126
11 |16 |25 |35 |42 |49 |5 |70 (79 |84 |93 |103 |110 |117 |124
8 19 |26 |32 |41 |50 |59 |69 |76 |87 |94 | 100 |109 |118 | 127
10 |17 (24 |34 |43 |48 |57 |71 |78 |85 |92 |102 [111 |1l1l6 | 125
13 |22 |31 |37 |44 |55 |62 (64 |73 |82 |91 |97 104 | 115 | 122
15 120 |29 |39 |46 |53 |60 |66 |75 |80 |89 |99 106 | 113 | 120
12 |23 |30 |36 |45 |54 |63 [65 |72 |83 |90 |96 105 | 114 | 123
14 121 (28 |38 |47 |52 |61 (67 |74 |81 |88 |98 107 | 112 | 121
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Table 18

9 18 |27 |33 |40 |51 |58 |68 |77 |86 |95 |101 [108 |119 | 126
11 |17 |24 |35 |42 |48 |57 |70 |79 |85 |92 |103 |110 |116 |125
8 19 |26 |32 |41 |50 |59 |69 |76 |87 |94 |100 |109 |118 | 127
10 |16 |25 |34 |43 |49 |5 |71 (78 |84 |93 |102 |111 |117 |124
13 |22 |31 |37 |44 |55 |62 |64 |73 |82 |91 |97 104 | 115 | 122
15 |21 |28 |39 |46 |52 |61 |66 |75 |81 |88 |99 106 | 112 | 121
12 |23 |30 |36 |45 |54 |63 [65 |72 |83 |90 |96 105 | 114 | 123
14 120 |29 |38 |47 |53 |60 |67 |74 |80 |89 |98 107 | 113 | 120

~N| O O A W | N O
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Table 22

18 |22 |33 |37 |51 |55 |73 |77 |91 |95 |104 |108 |122 | 126
19 |23 |32 |36 |50 |54 |72 |76 |90 |94 [105 |109 |123 | 127
17 |21 |35 |39 |48 |52 |75 |79 (88 [92 |106 |110 |121 |125
16 |20 |34 |38 |49 |53 |74 |78 |89 |93 |107 |111 |120 | 124
13 |27 |31 |40 |44 |58 |62 |64 |68 |82 |86 |97 101 | 115 | 119
12 |26 |30 |41 |45 |59 |63 |65 |69 |83 |87 |96 100 | 114 | 118
11 |15 (24 |28 |42 |46 |57 |61 |66 |70 |81 |85 |99 103 | 112 | 116
10 |14 |25 |29 |43 |47 |56 |60 |67 |71 |80 |84 |98 102 | 113 | 117
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Table 23

19 |23 |33 |37 |50 |54 |73 |77 |90 |94 [104 |108 |123 | 127
18 |22 |32 |36 |51 |55 |72 |76 [91 [95 |105 |109 |122 | 126
17 |21 |35 |39 |48 |52 |75 |79 |88 |92 |106 |110 |121 |125
16 |20 |34 |38 |49 |53 |74 |78 (89 [93 |107 |111 |120 |124
13 |26 |30 |40 |44 |59 |63 |64 |68 |83 |87 |97 101 | 114 | 118
12 |27 |31 |41 |45 |58 |62 |65 |69 |82 |86 |96 100 | 115 | 119
11 |15 |24 |28 |42 |46 |57 |61 |66 |70 |81 |85 |99 103 | 112 | 116
10 |14 |25 |29 |43 |47 |56 |60 |67 |71 |80 |84 |98 102 | 113 | 117
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Table 24

4 |19 |23 |33 |37 |50 |54 |73 |77 |90 |94 |104 |108 |123 |127
5 18 |22 |32 |36 |51 |55 |72 |76 |91 |95 |105 |109 |122 | 126
6
7

16 |20 |35 |39 |49 |53 |75 |79 |89 |93 |106 |110 |120 | 124
17 |21 |34 |38 |48 |52 |74 |78 (88 (92 |107 |111 |121 |125
13 |26 |30 |40 [44 |59 |63 |64 |68 |83 |87 |97 101 | 114 | 118
12 |27 |31 |41 |45 |58 |62 |65 |69 |82 |86 |96 100 | 115 | 119
11 |15 |25 |29 |42 |46 |56 |60 |66 |70 |80 |84 |99 103 | 113 | 117
10 |14 (24 |28 |43 |47 |57 |61 |67 |71 |81 |85 |98 102 | 112 | 116
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[00587] 32 target data streams are generated through block interleaving, and inner-code

encoding is performed on each target symbol subset in the 32 target data streams, where an
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information bit length of the inner-code encoding is 160 bits. Specifically, an inner-code encoder
separately encodes and adds redundancy to a total of 160 bits of each target symbol subset in the
target data stream, to obtain 32 encoded data streams. In a possible implementation, inner-code
encoding is performed by using Hamming(170,160), and 10-bit redundancy is added to a total of
160 bits in 16 consecutive RS symbols in each target data stream, to obtain a 170-bit codeword. In
another possible implementation, inner-code encoding is performed by using BCH(176,160), and
16-bit redundancy is added to a total of 160 bits in 16 consecutive RS symbols in each target data
stream, to obtain a 176-bit codeword. After data processing is performed on inner-code encoded
data streams, data processed data streams are sent to a channel transmission medium for
transmission.

[00588] After the data processing is performed on the inner-code encoded data streams, the data
processed data streams are sent to the channel transmission medium for transmission. The data
processing may include modulation and mapping (mapping), channel interleaving (channel
interleaving), polarization distribution (polarization distribution), DSP framing (framing), and the
like. For example, the inner-code encoded data streams may be interleaved, so as to improve a
capability of a system to resist a burst error.

[00589] By using the data interleaving and encoding scheme in this embodiment, when
Hamming(170,160) is used as inner code, concatenated code of KP4
RS(544,514)+Hamming(170,160) in the scheme is under AWGN, a corresponding pre-FEC BER
for implementing a post-FEC bit error rate BER of 1E-15 is approximately 4.3E-3, and
performance approximates to optimal performance of the concatenated FEC scheme. When the
inner code uses BCH(176,160), concatenated code of KP4 RS(544,514)+BCH(176,160) in the
scheme is under AWGN, a corresponding pre-FEC BER for implementing a post-FEC bit error
rate BER of 1E-15 is approximately 8.3E-3, and performance approximates to optimal
performance of the concatenated FEC scheme.

[00590] FIG. 42 is another schematic flowchart of interleaving according to an embodiment of
this application.

[00591] 4201: Perform first block interleaving on n lane data streams to obtain T first data
streams.

[00592] In this embodiment, C consecutive symbols in each first data stream after first block
interleaving are from at least E different codewords, T=n/K1, C is a multiple of a, and E>K2*a.
The following describes a specific implementation of first block interleaving.

[00593] FIG. 43 is a schematic diagram of an implementation of performing first block
interleaving according to an embodiment of this application. As shown in FIG. 43, n lane data
streams participating in the first block interleaving include a third symbol matrix, the third symbol
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matrix includes symbols of n rows and A columns, A symbols in different rows in the third symbol
matrix are from different lane data streams, and A is a multiple of a. The T first data streams
obtained through the first block interleaving include a fourth symbol matrix, the fourth symbol
matrix includes T rows and C columns of symbols, C symbols in different rows in the fourth
symbol matrix are respectively from different first data streams, T is a divisor of n, and n*A=T*C.
Specifically, every T consecutive symbols in one column of the third symbol matrix are a symbol
submatrix, and T symbols in each column of the fourth symbol matrix are in one-to-one
correspondence with each symbol submatrix in the third symbol matrix.

[00594] In a possible implementation, symbol submatrices in the third symbol matrix are
arranged in a first sequence, a 1% row to an n" row of each column in the third symbol matrix
include a 1% symbol submatrix to an (n/T)" symbol submatrix that are arranged in the first
sequence, an (n/T)™ symbol submatrix in a former column and the 1% symbol submatrix in a latter
column of two adjacent columns of the third symbol matrix are two consecutive symbol
submatrices arranged in the first sequence, T symbols in a 1% column of the fourth symbol matrix
are from a 1% symbol submatrix that is arranged in the first sequence and that is in the third symbol
matrix, and the rest can be deduced by analogy until T symbols in a C*" column in the fourth
symbol matrix are from a last symbol submatrix that is arranged in the first sequence and that is in
the third symbol matrix. That is, mapping of symbol submatrices of all columns in the third symbol
matrix to the fourth symbol matrix is performed from top to bottom in each column and from left
to right sequentially, that is, mapping is performed first from top to bottom and then from left to
right.

[00595] Inanother possible implementation, symbol submatrices in the third symbol matrix are
arranged in a second sequence, a 1% column to an A™ row of every T rows in the third symbol
matrix include a 1%t symbol submatrix to an A" symbol submatrix that are arranged in the second
sequence, an A" symbol submatrix in first T rows and a 1% symbol submatrix in second T rows of
two consecutive T rows of the third symbol matrix are two consecutive symbol submatrices
arranged in the second sequence, T symbols in a 1% column of the fourth symbol matrix are from
a 1% symbol submatrix that is arranged in the second sequence and that is in the third symbol
matrix, and the rest can be deduced by analogy until T symbols in a C*" column in the fourth
symbol matrix are from a last symbol submatrix that is arranged in the second sequence and that
is in the third symbol matrix. That is, mapping of symbol submatrices of a total of n/T rows in the
third symbol matrix to the fourth symbol matrix is performed from left to right in a same row and
from top to bottom sequentially, that is, mapping is performed first from left to right and then from
top to bottom.

[00596] It should be noted that, in actual application, the third symbol matrix and the fourth
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symbol matrix may alternatively not be presented in a form of matrices. For example, the third
symbol matrix is presented as a third symbol set, and the third symbol set includes n*A symbol
subsets that respectively correspond to symbols of n rows and A columns in the third symbol matrix.
The fourth symbol matrix is presented as a fourth symbol set, and the fourth symbol set includes
T*C symbol subsets that respectively correspond to symbols in T rows and C columns in the fourth
symbol matrix.

[00597] 4202: Perform convolutional interleaving on the T first data streams to obtain T second
data streams.

[00598] Inthis embodiment, H consecutive symbols in each of the second data streams are from
at least F different codewords, F>E, and at most K1/K2 symbols in the H consecutive symbols in
each of the second data streams are from a same codeword.

[00599] It should be noted that an implementation of the convolutional interleaving in this
embodiment is similar to the convolutional interleaving manner described in the embodiment
shown in FIG. 10, and details are not described herein again. A difference lies in that each storage
unit in the embodiment shown in FIG. 10 is configured to store d symbols, and each storage unit
in this embodiment is configured to store C symbols. In a possible implementation, if the
convolution interleaver shown in FIG. 12(a) is used, a parameter of the convolution interleaver is
to satisfy that C(p* Q + 1) = a * N x K1/(n/k2), so that H=p*C consecutive symbols in the first
data stream output by the convolution interleaver are from at least F different outer-code
codewords, where N is a codeword length of outer-code encoding. In another possible
implementation, if the convolution interleaver shown in FIG. 12(b) is used, a parameter of the
convolution interleaver is to satisfy that C(p*Q—1) > a* N xK1/(n/k2), so that H=p*C
consecutive symbols in the first data stream output by the convolution interleaver are from at least
F different outer-code codewords, where N is a codeword length of outer-code encoding.

[00600] 4203: Perform second block interleaving on each of the T second data streams to obtain
S target data streams, so as to obtain a total of m target data streams.

[00601] In this embodiment, m=T*S, and S>k1/K2. The following describes a specific
implementation of the second block interleaving. FIG. 44(a) is a schematic diagram of an
implementation of performing second block interleaving according to an embodiment of this
application. As shown in FIG. 44(a), each second block interleaver performs block interleaving on
an input second data stream to obtain S target data streams, so that a total of m=T*S target data
streams are generated.

[00602] FIG. 44(b) is a schematic diagram of a specific implementation of performing second
block interleaving according to an embodiment of this application. As shown in FIG. 44(b), each
second data stream includes R symbol sets, each symbol set includes p symbol subsets, each
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symbol subset includes C symbols, the p symbol subsets are respectively output from p delay lines,
symbols in each symbol set are from at least F different codewords, each target data stream
includes F symbols, R*p*C=S*F, and R is an integer greater than or equal to. In other words, the
second block interleaving is performed on the R symbol sets output from p delay lines, of the
convolution interleaver, on which polling is performed for R times, to obtain the S target data
streams. It should be understood that one block interleaving operation is performed to obtain only
F consecutive symbols in the target data stream, and the target data stream is obtained through
consecutive block interleaving. The F consecutive symbols in the target data stream are represented
as a target symbol subset. Every F consecutive symbols in the target data stream are from at least
[F/K2 = a)] different symbol subsets, each of the [F/(K2 = a)| different symbol subsets has at
most K2 xa symbols,and [F/(K2 *a)]| represents an integer obtained by rounding up a quotient
of F/(K2 a). It should be further understood that, at most [F/R] symbols in every F
consecutive symbols in each target data stream are from a same symbol set, and [F/R] represents
an integer obtained by rounding up a quotient of F/R.

[00603] In a possible implementation, every F consecutive symbols in the target data stream
include a first group of symbols from a first symbol subset and a second group of symbols from a
second symbol subset, and the first symbol subset and the second symbol subset belong to a same
symbol set. The first symbol subset and the second symbol subset are respectively output from
two adjacent delay lines, symbols in the first symbol subset and symbols in the second symbol
subset are separately sequentially arranged, and a ranking of the first group of symbols in the first
symbol subset is different from a ranking of the second group of symbols in the second symbol
subset. That is, the first group of symbols and the second group of symbols have different positions
in respective symbol subsets.

[00604] In another possible implementation, every consecutive F symbols in the target data
stream include a third group of symbols from a third symbol subset and a fourth group of symbols
from a fourth symbol subset, the third symbol subset and the fourth symbol subset belong to
different symbol sets, the third symbol subset and the fourth symbol subset are output from a same
delay line, symbols in the third symbol subset and symbols in the fourth symbol subset are
separately sequentially arranged, and a ranking of the third group of symbols in the third symbol
subset is different from a ranking of the fourth group of symbols in the fourth symbol subset. That
is, the third group of symbols and the fourth group of symbols have different positions in respective
symbol subsets.

[00605] In the present invention, for a concatenated FEC transmission solution, a data
interleaving and encoding method including first block interleaving, convolutional interleaving,

second block interleaving, and encoding is designed, so that a same interleaving solution can be
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used for all access services, and the overall concatenated FEC solution has good performance and
a low latency. Therefore, the concatenated FEC transmission solution can be applied to a plurality
of transmission scenarios, and is particularly applicable to a transmission scenario that requires a
low transmission latency, for example, a low-latency data center interconnection scenario.
[00606] The following further describes, with reference to some specific embodiments, a
procedure of the interleaving processing method described in FIG. 42. It should be understood that
an inner-code parallelism degree in each of the following embodiments is a quantity of target data
streams. For example, inner-code parallelism degree 16 indicates that a quantity of target data
streams is 16. It should be further understood that a target symbol subset in the following
embodiments represents F consecutive symbols in the target data stream.

[00607] Embodiment 1: An information bit length of inner-code encoding is 120 bits, and an
inner-code parallelism degree is 16.

[00608] A transmitter processing module performs alignment marker lock (alignment lock) on
lane data streams by using a known alignment marker (Alignment marker) of a PCS lane or an
FEC lane of each service based on a type of an access service. Known alignment markers of 32
lanes are different and are related to the access service. The transmitter processing module then
performs deskewing on a plurality of PCS lanes or FEC lanes in each service. After the deskewing,
the plurality of PCS/FEC lanes in a same service are all AM aligned, and lane data streams between
services only need to meet RS symbol alignment, that is, a difference between AMs is an integer
number of RS symbols. For example, when an access service is a 2*400GbE service, 32 de-skewed
lane data streams are shown in FIG. 37. AM alignment is performed between 16 PCS lanes in each
400GbE service, and a difference between AMs of two services is an integer number of RS
symbols. Then, lane reordering (lane reorder) is performed on data of the n=32 lanes based on the
alignment markers, so that the data of the n=32 lanes can be arranged in a specified sequence. For
example, when the access service is a 1*800GbE service, 32 lane data streams are shown in FIG.
5. When the access service is a 2*400GbE service, 32 lane data streams are shown in FIG. 6. When
the access service is a 4*200GbE service, 32 lane data streams are shown in FIG. 7. When the
access service is an 8*100GbE service and is in a 100G RS-FEC-Int" mode, 32 lane data streams
are shown in FIG. 8. When the access service is an 8*100GbE service and is in a 100G RS-FEC"
mode, 32 lane data streams are shown in FIG. 9.

[00609] n=32 lane data streams on which the lane reordering is performed are sent to a designed
first block interleaving module, convolutional interleaving module, and second block interleaving
module for corresponding processing, and then are sent to an inner-code encoder for inner-code
encoding. After data processing is performed on inner-code encoded data streams, data processed

data streams are sent to a channel transmission medium for transmission. The data processing may
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include modulation and mapping (mapping), channel interleaving (channel interleaving),
polarization distribution (Polarization distribution), DSP framing (Framing), and the like.

[00610] Inthis embodiment, according to an RS distribution rule in lane data streams, the n lane
data streams are divided into G lane data stream subsets, and any two lane data stream subsets are
from different RS codewords. In this way, based on different access services, a quantity of lane
data stream subsets included in the lane data streams is different. Refer to PCS/FEC lane data
stream formats shown in FIG. 5 to FIG. 9. For example, when the access service is a 1*800GbE
service or a 2*400GbE service, the 32 lane data streams include G=2 lane data stream subsets, to
be specific, lane data streams 0 to 15 are a lane stream subset, and lane data streams 16 to 31 are
a lane stream subset. For example, when the access service is a 4*200GbE service, the 32 lane
data streams include G=4 lane data stream subsets. For example, when the access service is a
1*800GDE service, and 32 lane data streams include G=8 lane data stream subsets, the 32 lane
data streams at most include G, =n/4 =8 lane data stream subsets and at least include
Gmin = n/16 = 2 lane data stream subsets. To enable the first block interleaving to be insensitive
to the access service and an overall interleaving latency to be shortest, the first interleaving module
corresponds to parameters K1=G,,x = 8 and T=n/K1=4.

[00611] FIG. 45(a) is a schematic diagram of an implementation of first block interleaving. As
shown in FIG. 45(a), A=2 consecutive symbols are selected from each lane data stream to form a
third symbol matrix with 32 rows and 2 columns, and block interleaving is performed to obtain a
fourth symbol matrix with T=4 rows and C=16 columns. C=16 symbols in a t" row of the fourth
symbol matrix are 16 consecutive symbols in first data stream t, where 0 < t < 3. Asymbol in an

i row and a j™" column of the fourth symbol matrix is from an x™ row and a y" column of the third
symbol matrix, where that x =j*4%32+iandy = lj * :—ZJ (where0 <i<4and0<j<

16) is satisfied, and |j * 4/32] represents rounding down to the nearest integer of j * 4/32.
One row of the fourth symbol matrix is defined as one symbol subset. With reference to PCS/FEC
lane data stream formats shown in FIG. 5 to FIG. 9, it may be learned that symbols of each symbol
subset are from K1=8 different lane data streams, and the eight lane data streams may be
represented as lane data stream j,, lane data stream j;, lane data stream j,, lane data stream
j3,lane data stream j,, lane data stream js, lane data stream j,, lane data stream j,. |j/4] =
x, where x € [0,7]. |jx/4] represents rounding down to the nearest integer of j,/4, and each
symbol subset is from at least K2 = a =4 different RS codewords and from at most K1 * a=16
different RS codewords, where K2=Gjp-

[00612] Four first data streams obtained via the first block interleaving module are sent to the

convolutional interleaving module, to obtain four second data streams. The convolutional
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interleaving module includes four convolution interleavers: convolution interleaver 0, convolution
interleaver 1, convolution interleaver 2, and convolution interleaver 3. The four convolution
interleavers use a same interleaving structure, and each convolution interleaver interleaves one
first data stream to obtain one second data stream.

[00613] FIG. 45(b) is a schematic diagram of an implementation of convolutional interleaving.
As shown in FIG. 45(b), p=3 delay lines (delay lines) are included. The p=3 delay lines
respectively include 2Q storage units, Q storage units, and 0 storage units. Each storage unit has
d=C=16 symbols, in other words, is used to store one symbol subset that is in the first data stream.
In other words, a delay value of delay line 0 is 32Q symbols, a delay value of delay line 1 is 16Q

symbols, and a delay value of delay line 1 is 0 symbols, that is, no delay.
[00614] As shown in FIG. 45(b), S.() represents a symbol subset in first data stream r

(where 0 <r < T —1) and includes C=16 symbols. For example, S.(3t) represents a symbol
subset currently input from first data stream r to delay line 0, and S.(3t — 6Q) is a symbol subset
output from delay line 0; S.(3t+ 1) represents a symbol subset currently input from first data
stream r to delay line 1, and S.(3t—3Q + 1) is a symbol subset output from delay line 1;
S.(3t + 2) represents a symbol subset currently input from first data stream r to delay line 2, and
S.(3t+ 2) is a symbol subset output from delay line 2; S.(3t + 3) represents a symbol subset
currently input from first data stream r to delay line 0, and S.(3t — 6Q + 4) is a symbol subset
output from delay line 0; and so on. With reference to FIG. 5 and FIG. 6, it can be learned that
when an access service is a 1*800GDbE service or a 2*400GbE service, and C(p*Q+ 1) > a *
N % K1/b = 544, that is, Q = 11, three symbol subsets S.(3t—6Q), S.(3t—3Q+ 1), and
S.(3t+ 2) that are consecutively output through the convolutional interleaving include 12
different RS codewords. With reference to FIG. 7 and FIG. 9, it can be learned that when an access
service is a 4*200GbE service or an 8*100GbE service and is in a "100G RS-FEC" mode, and
C(p*2+*Q+2)=>axN=K1/b= 1088, that is, Q > 11, three symbol subsets S.(3t — 6Q),
S,(3t—3Q+ 1), and S.(3t+ 2) that are consecutively output through the convolutional
interleaving include 16 different RS codewords. With reference to FIG. 8, it can be learned that
when an access service is an 8*100GbE service and is in a "100G RS-FEC-int" mode, and Q > 0,
three symbol subsets S.(3t—6Q), S,(3t—3Q+ 1), and S.(3t+ 2) that are consecutively
output through the convolutional interleaving include 16 different RS codewords. Therefore, when
Q > 11, it can be ensured that for all access services, three symbol subsets S.(3t—6Q),
S.(3t—3Q+1), and S.(3t+ 2) that are consecutively output through the convolutional
interleaving at least include 12 different RS codewords.

[00615] FIG. 45(c) is a schematic diagram of another implementation of convolutional
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interleaving. As shown in FIG. 45(c), in a possible implementation, that Q = 11 is selected, and
a corresponding interleaving latency is approximately 22*16*3/2=528 RS symbols.

[00616] The convolution interleaver shown in FIG. 45(c) separately performs convolutional
interleaving on four fourth data streams to obtain four second data streams. Three symbol subsets
S.(3t-6Q), S.(3t-3Q+1), and S.(3t+2) that are respectively output from delay line 0, delay
line 1, and delay line 2 of the convolution interleaver and that are in the second data stream are
defined as a symbol set, and the symbol set includes a total of 48 RS symbols. 16 symbols in each
symbol subset are sequentially represented as symbol 0 to symbol 15. With reference to
distribution of RS codewords on PCS/FEC lanes of various services, the first block interleaving,
and the convolutional interleaving in FIG. 5 to FIG. 9, it is not difficult to understand that each
symbol subset is from at least four different RS codewords; and RS codewords corresponding to
symbol 0 to symbol 3 are different from RS codewords corresponding to symbol 4 to symbol 7 in
a same symbol subset, RS codewords corresponding to symbol 8 to symbol 11 are different from
RS codewords corresponding to symbol 12 to symbol 15 in a same symbol subset, and RS
codewords corresponding to symbol 0 to symbol 7 may be the same as RS codewords
corresponding to symbol 8 to symbol 15 in a same symbol subset. Further, the symbol set is from
at least 12 different RS codewords, and at most K1/K2=4 symbols in the symbol set belong to a
same RS codeword. Further, RS codeword distribution corresponding to symbol 0 to symbol 7 in
any two symbol subsets may be consistent, and RS codeword distribution corresponding to symbol
8 to symbol 15 in any two symbol subsets may be consistent.

[00617] Four second block interleavers are used to separately interleave the four second data
streams, to obtain m=S*T=16 target data streams. FIG. 45(d) is a schematic diagram of an
implementation of second block interleaving. As shown in FIG. 45(d), for second block
interleaving i (where 0<i<4), one symbol set is obtained from second data stream i, a total of 12
RS symbols (four RS symbols from each symbol subset) are selected and mapped to one target
symbol subset, to obtain a total of S=4 target symbol subsets. 12 symbols in each target symbol
subset are from 12 different RS codewords, and the four target symbol subsets are respectively 12
consecutive RS symbols from target data stream i*S to target data stream (i*S+3) that are output
by block interleaver i. For ease of description, R(x,y) is defined as symbol y of symbol subset x
(where x € [0,2] and y € [0,15] ). For symbols
R(x4,y1) and R(X,, y,) respectively from any two symbol subsets,x; #x, . If y; #y,, it
indicates that the two symbols are located at different positions of the symbol subsets. To enable
the 12 RS symbols in the target symbol subset to be from 12 different RS codewords, the 12 RS
symbols correspond to

R(Or iO)r R(Or il)r R(O, i2)1 R(O, i3)1 R(l, i4-)1 R(l, i5)1 R(lr iG)r R(lr i7)r R(Z, iS)r R(zr i9)r R(Z, ilO)l and
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R(2,i;;) that are in the symbol set, and meet the following cases: i, 4, and ig are different from
each other, i,,is,and iy are different from each other, 1i,,is,andi;, are different from each other,
i3,1,,and i;, are different from each other, i,,i,%8,1i,4,and i;%8 are different from each other,
is,1%8,1g,and i,,%8 are different from each other, i,,i3%8,is,and i,%8 are different from
each other, and is,i,%8,1i9,and i,;%8 are different from each other, where i,,i,, andig €
[0,3],i;,15,and ig € [4,7],1,,14,and iy, € [8,11],and i3,i;,1,; € [12,15]. This is equivalent to a
case in which the 12 RS symbols in the target symbol subset are symbols at different positions in
the three symbol subsets, and every four RS symbols are from a same symbol subset. Further, the
four symbols that are from the same symbol subset and that are in the target symbol subset are
respectively any one of symbol 0 to symbol 3 in the symbol subset, any one of symbol 4 to symbol
7 in the symbol subset, any one of symbol 8 to symbol 11 in the symbol subset, and any one of
symbol 12 to symbol 15 in the symbol subset. Further, eight RS symbols that are in the target
symbol subset, that are from symbol subsets, and that are output from two delay lines whose delay
difference is Q*C=176 are located at different positions of the corresponding symbol subsets.
Further, at most two RS symbols in the target symbol subset are from a same lane data stream, and
are mapped to two different symbol subsets through first block interleaving. The corresponding
two symbol subsets are output from two different delay lines of the convolution interleaver, and a
delay difference corresponding to the two delay lines is greater than or equal to 2*Q*C=352 RS
symbols.

[00618] According to this rule, there are a plurality of specific mappings from the symbol sets
to the target symbol subset. Tables 1 to 4 provide several specific mapping relationships. Number
x in a y" row and a z"" column in each of Tables 1 to 4 indicates that a z" RS symbol in target data
stream y is from a (x%16)"" RS symbol in symbol subset |x/16], where 0 <y <4,0<z<
12,and 0 < x < 48. It should be noted that, when switching between any rows, switching
between any columns, switching between any columns after switching between any rows, or
switching between any columns before switching between any rows is performed, the foregoing
mapping is still a valid mapping.

[00619] Based on a mapping relationship between each symbol subset and a lane data stream
and a latency relationship between each symbol subset in the symbol set, it is not difficult to learn
that a relationship between the target symbol subset and the lane data stream is as follows: Data of
the target symbol subset is from K1=8 different lane data streams, and the eight lane data streams
may be represented as lane data stream j,, lane data stream j;, lane data stream j,, lane data
stream j3, lane data stream j,, lane data stream js, lane data stream j,, and lane data stream j-.
lix/4] = x, where x € [0,7], and |jx/4] represents rounding down to the nearest integer of j,/4.
Further, one RS symbol is selected from four lane data streams, and two RS symbols are selected
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from the remaining four lane data streams. Further, if two RS symbols are selected from a lane
data stream, a spacing distance between the two RS symbols in the corresponding lane data stream
is greater than a*N*K2/n, in other words, greater than or equal to 2*544*2/32=68 RS symbols.
Further, at most two RS symbols are from two aligned RS symbols in two different lane data
streams.

[00620] The 16 target data streams obtained through the block interleaving are separately sent
to an inner-code encoder. Each target symbol subset is used as one piece of information data of
inner-code encoding. The inner-code encoder generates redundant data, to obtain 16 encoded data
streams. In a possible implementation, inner-code encoding is performed by using
Hamming(128,120), and 8-bit redundancy is added to a total of 120 bits in 12 RS symbols in each
target symbol subset in the target data stream, to obtain a 128-bit codeword. In another possible
implementation, inner-code encoding is performed by using BCH(136,120), and 16-bit
redundancy is added to a total of 120 bits in 12 RS symbols in each target symbol subset in the
target data stream, to obtain a 136-bit codeword.

[00621] After data processing is performed on inner-code encoded data streams, the data
processed data streams are sent to a channel transmission medium for transmission. The data
processing may include modulation and mapping (mapping), channel interleaving (channel
interleaving), polarization distribution (polarization distribution), DSP framing (Framing), and the
like. For example, the inner-code encoded data streams may be interleaved, so as to improve a
capability of a system to resist a burst error.

[00622] By using the data interleaving and encoding scheme in this embodiment, concatenated
code of KP4 RS(544,514)+Hamming(128,120) in the scheme is under AWGN, a corresponding
pre-FEC BER for implementing a post-FEC bit error rate BER of 1E-15 is approximately 4.5E—
3, and performance approximates to optimal performance of a concatenated FEC scheme.
[00623] Embodiment 2: An information bit length of inner-code encoding is 160 bits, and an
inner-code parallelism degree is 16.

[00624] In this embodiment, first block interleaving is performed on n lane data streams by
using the first block interleaving solution in Embodiment 1, to obtain T=4 first data streams, and
then four convolution interleavers separately perform convolutional interleaving on the four first
data streams to obtain four second data streams. Convolutional interleaving 0, convolutional
interleaving 1, convolutional interleaving 2, and convolutional interleaving 3 use a same
interleaving structure.

[00625] FIG. 46(a) is a schematic diagram of another implementation of convolutional
interleaving. As shown in FIG. 46(a), p=4 delay lines (delay lines) are included. The four delay
lines respectively include 3Q storage units, 2Q storage units, Q storage units, and O storage units.
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Each storage unit has d=C=16 symbols, in other words, is used to store one symbol subset that is
in the first data stream. In other words, a delay value of delay line 0 is 48Q symbols, a delay value
of delay line 1 is 32Q symbols, a delay value of delay line 2 is 16Q symbols, and a delay value of
delay line 3 is 0 symbols, that is, no delay.

[00626] As shown in FIG. 46(a), S.() represents one symbol subset in first data stream r

(where 0 <r < T —1). For example, S.(4t) represents a symbol subset currently input from
first data stream r to delay line 0, and S.(4t — 12Q) is a symbol subset output from delay line 0;
S.(4t+ 1) represents a symbol subset currently input from first data stream r to delay line 1, and
S.(4t—8Q + 1) is a symbol subset output from delay line 1; S.(4t + 2) represents a symbol
subset currently input from first data stream r to delay line 2, and S.(4t — 4Q + 2) is a symbol
subset output from delay line 2; S.(4t+ 3) represents a symbol subset currently input from first
data stream r to delay line 3, and S.(4t+ 3) is a symbol subset output from delay line 3;
S.(4t + 4) represents a symbol subset that is currently input from first data stream r to delay line
0, and S.(4t— 12Q + 4) is a symbol subset output from delay line 0; and so on. With reference
to FIG. 5 and FIG. 6, it can be learned that when an access service is a 1*800GbE service or a
2*400GDbE service, and C(p * Q + 1) = 544, thatis, Q = 9, four symbol subsets S.(4t — 12Q),
S.(4t—8Q+ 1), S.(4t—4Q+ 2),and S.(4t + 3) that are consecutively output through the
convolutional interleaving include 16 different RS codewords. With reference to FIG. 7 and FIG.
9, it can be learned that when an access service is a 4*200GbE service or an 8*100GbE service
and is in a "100G RS-FEC" mode, and C(p * 2 * Q + 2) > 1088, that is, Q =9, four symbol
subsets  S.(4t—12Q) , S.(4t—8Q+1) , S.(4t—4Q+2),andS,.(4t+3) that are
consecutively output through the convolutional interleaving include 16 different RS codewords.
With reference to FIG. 8, it can be learned that when an access service is an 8*100GbE service
and is in a "100G RS-FEC-int" mode, and Q >0, four symbol subsets S.(4t—12Q),
S.(4t—8Q+ 1), S.(4t—4Q+ 2),and S.(4t + 3) that are consecutively output through the
convolutional interleaving include 16 different RS codewords. Therefore, when Q > 9, it can be
ensured that for all access services, four symbol subsets S.(4t—12Q), S.(4t—8Q+ 1),
S.(4t—4Q+ 2),and S, (4t + 3) that are consecutively output through the convolutional
interleaving include 16 different RS codewords.

[00627] FIG. 46(b) is a schematic diagram of another implementation of convolutional
interleaving. As shown in FIG. 46(b), in a possible implementation, that Q = 9 is selected, and a
corresponding interleaving latency is approximately 27*16*3/2=648 RS symbols.

[00628] Four convolution interleavers shown in FIG. 46(b) are used to separately perform

convolutional interleaving on four fourth data streams to obtain four second data streams. Four
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symbol subsets S.(4t-12Q) , S.(4t-8Q+1), S.(4t-4Q+2), and S.(4t+3) that are
respectively output from delay line 0, delay line 1, delay line 2, and delay 3 of the convolution
interleaver and that are in the second data stream are defined as a symbol set, and the symbol set
includes a total of 64 RS symbols. 16 symbols in each symbol subset are sequentially represented
as symbol 0 to symbol 15. With reference to distribution of RS codewords on PCS/FEC lanes of
various services, the first block interleaving, and the convolutional interleaving in FIG. 5 to FIG.
9, it is not difficult to understand that each symbol subset is from at least four different RS
codewords; and RS codewords corresponding to symbol 0 to symbol 3 are different from RS
codewords corresponding to symbol 4 to symbol 7 in a same symbol subset, RS codewords
corresponding to symbol 8 to symbol 11 are different from RS codewords corresponding to symbol
12 to symbol 15 in a same symbol subset, and RS codewords corresponding to symbol 0 to symbol
7 may be the same as RS codewords corresponding to symbol 8 to symbol 15 in a same symbol
subset. Further, the symbol set is from 16 different RS codewords, and at most K1/K2=4 symbols
in the symbol set belong to a same RS codeword. Further, RS codeword distribution corresponding
to symbol 0 to symbol 7 in any two symbol subsets may be consistent, and RS codeword
distribution corresponding to symbol 8 to symbol 15 in any two symbol subsets may be consistent.
Four second block interleavers are used to separately interleave the four second data streams, to
obtain m=S*T=16 target data streams. FIG. 46(c) is a schematic diagram of another
implementation of second block interleaving. As shown in FIG. 46(c), for second block
interleaving 1 (where 0<i<4), one symbol set is obtained from second data stream i, a total of 16
RS symbols (four RS symbols from each symbol subset) are selected and mapped to one target
symbol subset, to obtain a total of S=4 target symbol subsets. 16 symbols in each target symbol
subset are from 16 different RS codewords, and the four target symbol subsets are respectively 16
consecutive RS symbols from target data stream i*S to target data stream (i*S+3) that are output
by block interleaver i. For ease of description, R(x,y) is defined as symbol y of symbol subset x
(where x € [0,3] and y € [0,15]). To enable the 16 RS symbols in the target symbol subset to be
from 16 different RS codewords, the 16 RS symbols correspond to
R(0,1p),R(0,i1),R(0,13),R(0,13), R(1,14), R(1,i5)R(1,i6), R(1,i7), R(2, i), R(2, ig), R(2, i10),

R(2,i;1),R(3,i13),R(3,i13),R(3,i;4),and R(3,i;5) that are in the symbol set, and meet the
following cases: iy, i4,ig,and iy, are different from each other, i,,is,ig,and i;5 are different
from each other, i,,ig,1;9,and i;4 are different from each other, i;,i,,i;;,and i;5 are different
from each other, i,,i,%8,1,,and i;%8 are different from each other, i,,i,%8,ig,and i;,%8 are
different from each other, ig,i,,%8,i;4,andi;%8 are different from each other,
i1,13%8, 15, and i,%8 are different from each other, is,i,%8,1iy,and i;;%8 are different from
each other, and 1iy,i,,%8,i;3,and i;s%8 are different from each other, where 1i,,i,,ig, and i;, €
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[0,3],14, 15,1, and iy5 € [4,7], 15, i4,110,and i;4 € [8,11],and i3, i;,1;1,and i;s € [12,15]. This is
equivalent to a case in which the 16 RS symbols in the target symbol subset are symbols at different
positions in the four symbol subsets, and every four RS symbols are from a same symbol subset.
Further, the four symbols that are from the same symbol subset and that are in the target symbol
subset are respectively any one of symbol 0 to symbol 3 in the symbol subset, any one of symbol
4 to symbol 7 in the symbol subset, any one of symbol 8 to symbol 11 in the symbol subset, and
any one of symbol 12 to symbol 15 in the symbol subset. Further, eight RS symbols, in the target
symbol subset, from symbol subsets output from two delay lines whose delay difference is
Q*C=144 are located at different positions of the corresponding symbol subsets. Further, at most
two RS symbols in the target symbol subset are from a same lane data stream, and are mapped to
two different symbol subsets through first block interleaving. The corresponding two symbol
subsets are output from two different delay lines of the convolution interleaver, and a delay
difference corresponding to the two delay lines is greater than or equal to 2*Q*C=288 RS symbols.
[00629] According to this rule, there are a plurality of specific mappings from the symbol sets
to the target symbol subset. Tables 13 to 16 provide several specific mapping relationships.
Number x in a y" row and a z'" column in each table indicates that a z" RS symbol in target symbol
subset y is from a (x%16)"" RS symbol in symbol subset |x/16], where 0 <y < 4,0 <z <
16,and 0 < x < 64. It should be noted that, when switching between any rows, switching
between any columns, switching between any columns after switching between any rows, or
switching between any columns before switching between any rows is performed, the foregoing
mapping is still a valid mapping.

[00630] According to a mapping relationship between each symbol subset and a lane data
stream and a latency relationship between each symbol subset in the symbol set, it is not difficult
to learn that a relationship between data in the target symbol subset and the lane data stream is as
follows: Data of the target symbol subset is from K1=8 different lane data streams, and the eight
lane data streams may be represented as lane data stream j,, lane data stream j;, lane data stream
jo, lane data stream j;,lane data stream j,, lane data stream js, lane data stream j,, and lane
data stream j,. |jx/4] = x, where x € [0,7], and |j,/4] represents rounding down to the nearest
integer of j,/4. Further, if two RS symbols are selected from each lane data stream, a spacing
distance between the two RS symbols in the corresponding lane data stream is greater than or equal
to a*N*K2/n, in other words, greater than or equal to 2*544*2/32=68 RS symbols. Further, at most
two RS symbols are from two aligned RS symbols in two different lane data streams.

[00631] The 16 target data streams obtained through the block interleaving are separately sent
to an inner-code encoder. Each target symbol subset is used as one piece of information data of

inner-code encoding. The inner-code encoder generates redundant data, to obtain 16 encoded data
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streams. In a possible implementation, inner-code encoding is performed by using
Hamming(170,160), and 10-bit redundancy is added to a total of 160 bits in 16 RS symbols in each
target symbol subset, to obtain a 170-bit codeword. In another possible implementation, inner-
code encoding is performed by using BCH(176,160), and 16-bit redundancy is added to a total of
160 bits in 16 RS symbols in each target symbol subset, to obtain a 176-bit codeword. After data
processing is performed on inner-code encoded data streams, the data processed data streams are
sent to a channel transmission medium for transmission.

[00632] By using the data interleaving and encoding scheme in this embodiment, when
Hamming(170,160) is used as inner code, concatenated code of KP4
RS(544,514)+Hamming(170,160) in the scheme is under AWGN, a corresponding pre-FEC BER
for implementing a post-FEC bit error rate BER of 1E-15 is approximately 4.3E-3, and
performance approximates to optimal performance of the concatenated FEC scheme. When the
inner code uses BCH(176,160), concatenated code of KP4 RS(544,514)+BCH(176,160) in the
scheme is under AWGN, a corresponding pre-FEC BER for implementing a post-FEC bit error
rate BER of 1E-15 is approximately 8.3E-3, and performance approximates to optimal
performance of the concatenated FEC scheme.

[00633] Embodiment 3: An information bit length of inner-code encoding is 120 bits, and an
inner-code parallelism degree is 32.

[00634] In this embodiment, first block interleaving is performed on n lane data streams by
using the first block interleaving solution in Embodiment 1, to obtain T=4 first data streams, and
then convolution interleavers shown in FIG. 45(c) separately perform convolutional interleaving
on the four first data streams to obtain four second data streams. Three symbol subsets S.(3t-6Q),
S:(3t-3Q+1), and S.(3t+2) that are respectively output from delay line 0, delay line 1, and
delay line 2 of the convolution interleaver and that are in the second data stream are defined as a
symbol set. Consecutive Q=2 symbol sets are selected from each second data stream, and are
marked as symbol set 0 and symbol set 1. The symbol sets include a total of six symbol subsets:
symbol subset 0, symbol subset 1, symbol subset 2, symbol subset 3, symbol subset 4, and symbol
subset 5. In second block interleaving 1 (where 0<i<4), block interleaving is performed on two
consecutive symbol sets in second data stream i to obtain eight target symbol subsets. Each target
symbol subset includes 12 RS symbols, and the eight target symbol subsets are respectively 12
consecutive RS symbols from target data stream i*S to target data stream (i*S+7) that are output
by block interleaver i, and each RS symbol in the target symbol subset is from a different RS
codeword. With reference to distribution of RS codewords on PCS/FEC lanes of various services,
the first block interleaving, and the convolutional interleaving in FIG. 5 to FIG. 9, it is not difficult

to understand that each symbol subset is from at least four different RS codewords; and RS
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codewords corresponding to symbol 0 to symbol 3 are different from RS codewords corresponding
to symbol 4 to symbol 7 in a same symbol subset, RS codewords corresponding to symbol 8 to
symbol 11 are different from RS codewords corresponding to symbol 12 to symbol 15 in a same
symbol subset, and RS codewords corresponding to symbol 0 to symbol 7 may be the same as RS
codewords corresponding to symbol 8 to symbol 15 in a same symbol subset. Further, RS
codeword distribution corresponding to symbol 0 to symbol 7 in any two symbol subsets may be
consistent, and RS codeword distribution corresponding to symbol 8 to symbol 15 in any two
symbol subsets may be consistent. Further, each symbol set is from at least 12 different RS
codewords, at most four symbols in the symbol set belong to a same RS codeword, and RS
codeword distribution in symbol set 0 and RS codeword distribution in symbol set 1 are consistent.
[00635] FIG. 47 is aschematic diagram of another implementation of second block interleaving.
As shown in FIG. 47, a total of 12 RS symbols (two RS symbols from each symbol subset) are
selected and mapped to one target symbol subset, to obtain a total of eight target symbol subsets.
For ease of description, R(x,y) is defined as symbol y of symbol subset x (where x €
[0,5] and y € [0,15]). To enable the 12 RS symbols in the target symbol subset to be from 12
different RS codewords, the 12 RS symbols correspond to
R(0,iy),R(0,i,),R(1,i,),R(1,i3),R(2,1i,4),and R(2, is), and
R(3,ig),R(3,i;),R(4,ig),R(4,i5),R(5,i;0), and R(5,i,;) that are in two symbol sets, and meet
the following cases: 1ig,i;,1y,13,14,15, I, 17,1g,19,119,and i;; are different from each other,
i9%8,1;%8,1,%8,and i;%8 are different from each other, i,%8,i;%8,1,%8,and i;%8 are
different from each other, i5%8,i,%8,i3%8,and ;%8 are different from each other,
i5%8,19%8,1,,%8,and i;; %8 are different from each other, i,%8,i;%8,1i,%8, and i,%8 are
different from each other, i,%8,i3%8,i3%8,and i,%8 are different from each other, and
i,%8,15%8,110%8, and i;;%8 are different from each other, where
ig,1q,15,13,14, 15, ig, i7, g, 19, 119, and i;; € [0,15]. This is equivalent to a case in which the 12 RS
symbols in the target symbol subset are symbols at different positions in the six symbol subsets,
and every two RS symbols are from a same symbol subset. Further, four RS symbols that are in
the target symbol subset, that are from symbol subsets, and that are output from two delay lines
whose delay difference is Q*C=176 are located at different positions of corresponding symbol
subsets. Further, four RS symbols that are in the target symbol subset, that are from two symbol
subsets, and that are output from a same delay line of a convolution interleaver are located at
different positions of the corresponding symbol subsets. Further, at most two RS symbols in the
target symbol subset are from a same lane data stream, and are mapped to two different symbol
subsets through first block interleaving. The corresponding two symbol subsets are output from
two different delay lines of the convolution interleaver, and a delay difference corresponding to
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the two delay lines is greater than or equal to 2*Q*C=352 RS symbols. According to this rule,
there are a plurality of specific mappings in which the two symbol sets are interleaved to the eight
target symbol subsets. Tables 5 to 12 provide several specific mapping relationships. Number X in
a y" row and a z™" column in each table indicates that a z!" RS symbol in target symbol subset y is
from a (x%16)" RS symbol in symbol subset |x/16], where 0 <y <8,0<2z< 12,and0 <
x < 96. It should be noted that, when switching between any rows, switching between any
columns, interleaving between any columns after switching between any rows, or switching
between any columns before switching between any rows in the tables is performed, the foregoing
mapping is still a valid mapping.

[00636] Based on a mapping relationship between each symbol subset and a lane data stream
and a latency relationship between each symbol subset in the symbol set, it is not difficult to learn
that a relationship between the target symbol subset and the lane data stream is as follows: Data of
the target symbol subset is from K1=8 different lane data streams, and the eight lane data streams
may be represented as lane data stream j,, lane data stream j;, lane data stream j,, lane data
stream js,lane data stream j,, lane data stream js, lane data stream j,, and lane data stream
j7. lix/4] = x, where x € [0,7], and |jy/4| represents rounding down to the nearest integer of
jx/4. Further, one RS symbol is selected from four lane data streams, and two RS symbols are
selected from the remaining four lane data streams. Further, if two RS symbols are selected from
a lane data stream, a spacing distance between the two RS symbols in the corresponding lane data
stream is greater than or equal to 2*544*2/32=68 RS symbols. Further, at most two RS symbols
are from two aligned RS symbols in two different lane data streams.

[00637] The 32 target symbol subsets obtained through the block interleaving are separately
sent to an inner-code encoder. Each target symbol subset is used as one piece of information data
of inner-code encoding. The inner-code encoder generates redundant data, to obtain 32 encoded
data streams. In a possible implementation, inner-code encoding is performed by using
Hamming(128,120), and 8-bit redundancy is added to a total of 120 bits in 12 RS symbols in the
target symbol subset, to obtain a 128-bit codeword. In another possible implementation, inner-
code encoding is performed by using BCH(136, 120), and 16-bit redundancy is added to a total of
120 bits in 12 RS symbols in the target symbol subset, to obtain a 136-bit codeword.

[00638] After data processing is performed on inner-code encoded data streams, the data
processed data streams are sent to a channel transmission medium for transmission. The data
processing may include modulation and mapping (mapping), channel interleaving (channel
interleaving), polarization distribution (polarization distribution), DSP framing (Framing), and the
like. For example, the inner-code encoded data streams may be interleaved, so as to improve a
capability of a system to resist a burst error.
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[00639] Embodiment 4: An information bit length of inner-code encoding is 160 bits, and an
inner-code parallelism degree is 32.

[00640] First block interleaving is performed on n lane data streams by using the first block
interleaving solution in Embodiment 1, to obtain T=4 first data streams, and convolution
interleavers shown in FIG. 46(b) separately perform convolutional interleaving on the four fourth
data streams to obtain four second data streams. Four symbol subsets S,.(4t-12Q), S,.(4t-8Q+1),
S:(4t-4Q+2), and S.(4t+3) that are respectively output from delay line 0, delay line 1, delay
line 2, and delay 3 of the convolution interleaver and that are in the second data stream are defined
as a symbol set, and the symbol set includes a total of 64 RS symbols. In second block interleaving
1 (where 0<i<4), block interleaving is performed on two consecutive symbol sets in second data
stream i to obtain eight target symbol subsets. Each target symbol subset includes 16 RS symbols,
and the eight target symbol subsets are respectively 16 consecutive RS symbols from target data
stream i*S to target data stream (i*S+7) that are output by block interleaver i, and each RS symbol
in the target symbol subset is from a different RS codeword. With reference to distribution of RS
codewords on PCS/FEC lanes of various services, the first block interleaving, and the
convolutional interleaving in FIG. 5 to FIG. 9, it is not difficult to understand that each symbol
subset is from at least four different RS codewords; and RS codewords corresponding to symbol
0 to symbol 3 are different from RS codewords corresponding to symbol 4 to symbol 7 in a same
symbol subset, RS codewords corresponding to symbol 8 to symbol 11 are different from RS
codewords corresponding to symbol 12 to symbol 15 in a same symbol subset, and RS codewords
corresponding to symbol 0 to symbol 7 may be the same as RS codewords corresponding to symbol
8 to symbol 15 in a same symbol subset. Further, RS codeword distribution corresponding to
symbol 0 to symbol 7 in any two symbol subsets may be consistent, and RS codeword distribution
corresponding to symbol 8 to symbol 15 in any two symbol subsets may be consistent. Further,
each symbol set is from at least 12 different RS codewords, at most four symbols in the symbol
set belong to a same RS codeword, and RS codeword distribution in symbol set 0 and RS codeword
distribution in symbol set 1 are consistent.

[00641] FIG. 48 isaschematic diagram of another implementation of second block interleaving.
As shown in FIG. 48, a total of 16 RS symbols (two RS symbols from each symbol subset) are
selected and mapped to one target symbol subset, to obtain a total of eight target symbol subsets.
For ease of description, R(x,y) is defined as symbol y of symbol subset x (where x €
[0,7] and y € [0,15]). To enable the 16 RS symbols in the target symbol subset to be from 16
different RS codewords, the 16 RS symbols correspond to
R(0,iy),R(0,i,),R(1,i,),R(1,i3),R(2,1i4),R(2,i5),R(3,is), R(3,i;),R(4,ig),R(4,1iy),and R(5,1;,)
and R(5,i;71),R(6,112),R(6,i13),R(7,i14),and R(7,i,5) that are in two symbol sets, and meet
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the following cases: iy, 14,1y, 13,14, 5, ig, 17, ig, ig, 19, 111,112,113, 114,andi;s are different from
each  other, i0%8,1;%8,1,%8, and ;%8 are  different  from  each  other,
i,%8,13%8,1,%8,and i;%8 are different from each other, i,%8,i5%8,1,%8,and i,%8 are
different from each other, i3%8,19%8,1,0%8,and ;%8 are different from each other,
i10%8,111%8,1,,%8, and i,3%8 are different from each other, i,,%8,1,3%8,1;4,%8, and i;5%8
are different from each other, i,%8,i;%8,i3%8,and i,%8 are different from each other,
i,%8,13%8,1,,%8, and i;; %8 are different from each other, i,%8,i5%8,1,,%8, and i;3%8 are
different from each other, and i5%8,1,%8,1,,%8, and i;5%8 are different from each other,
where iy, 14, 15,13,14, 15, ig, 17, 1g, 19, i19, i11, i12, i13, i14, @and i;5 € [0,15]. Thisis equivalent to a case
in which the 16 RS symbols in the target symbol subset are symbols at different positions in the
eight symbol subsets, and every two RS symbols are from a same symbol subset. Further, four RS
symbols that are in the target symbol subset, that are from symbol subsets, and that are output from
two delay lines whose delay difference is Q*C=144 are located at different positions of
corresponding symbol subsets. Further, four RS symbols that are in the target symbol subset, that
are from two symbol subsets, and that are output from a same delay line of a convolution
interleaver are located at different positions of the corresponding symbol subsets. Further, at most
two RS symbols in the target symbol subset are from a same lane data stream, and are mapped to
two different symbol subsets through first block interleaving. The corresponding two symbol
subsets are output from two different delay lines of the convolution interleaver, and a delay
difference corresponding to the two delay lines is greater than or equal to 2*Q*C=288 RS symbols.
According to this rule, there are a plurality of specific mappings in which the two symbol sets are
interleaved to the eight target symbol subsets. Tables 17 to 24 provide several specific mapping
relationships. Number x in a y" row and a z™" column in each table indicates that a z" RS symbol
in target symbol subset y is from a (x%16)" RS symbol in symbol subset |x/16], where 0 <y <
8,0 <z < 16,and 0 < x < 128. It should be noted that, when interleaving between any rows,
switching between any columns, switching between any columns after switching between any
rows, or switching between any columns before switching between any rows is performed, the
foregoing mapping is still a valid mapping.

[00642] According to a mapping relationship between each symbol subset and a lane data
stream and a latency relationship between each symbol subset in the symbol set, it is not difficult
to learn that a relationship between the target symbol subset and the lane data stream is as follows:
Data of the target symbol subset is from K1=8 different lane data streams, and the eight lane data
streams may be represented as lane data stream j,, lane data stream j;, lane datastream j,, lane
data stream js,lane data stream j,, lane data stream js, lane data stream js, and lane data
stream j;. |jx/4| = x,wherex € [0,7], and |ji /4] represents rounding down to the nearest
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integer of j,/4. Further, if two RS symbols are selected from each lane data stream, a spacing
distance between the two RS symbols in the corresponding lane data stream is greater than or equal
to a*N*K2/n, in other words, greater than or equal to 2*544*2/32=68 RS symbols. Further, at most
two RS symbols are from two aligned RS symbols in two different lane data streams.

[00643] The 32 target symbol subsets obtained through the block interleaving are respectively
sent to 32 inner-code encoders. Each target symbol subset is used as one piece of information data
of inner-code encoding. The inner-code encoders generate redundant data, to obtain 32 encoded
data streams. In a possible implementation, inner-code encoding is performed by using
Hamming(170,160), and 10-bit redundancy is added to a total of 160 bits in 16 RS symbols in the
target symbol subset, to obtain a 170-bit codeword. In another possible implementation, inner-
code encoding is performed by using BCH(176,160), and 16-bit redundancy is added to a total of
160 bits in 16 RS symbols in the target symbol subset, to obtain a 176-bit codeword. After data
processing is performed on inner-code encoded data streams, the data processed data streams are
sent to a channel transmission medium for transmission.

[00644] By using the data interleaving and encoding scheme in this embodiment, when
Hamming(170,160) IS used as inner code, concatenated code of
KP4RS(544,514)+Hamming(170,160) in the scheme is under AWGN, a corresponding pre-FEC
BER for implementing a post-FEC bit error rate BER of 1E-15 is approximately 4.3E-3, and
performance approximates to optimal performance of the concatenated FEC scheme. When the
inner code uses BCH(176,160), concatenated code of KP4 RS(544,514)+BCH(176,160) in the
scheme is under AWGN, a corresponding pre-FEC BER for implementing a post-FEC bit error
rate BER of 1E-15 is approximately 8.3E-3, and performance approximates to optimal
performance of the concatenated FEC scheme.

[00645] Embodiment 5: An information bit length of inner-code encoding is 120 bits, and an
inner-code parallelism degree is 16.

[00646] It should be understood that, in Embodiment 1 to Embodiment 4, if a mapping
relationship between a third symbol matrix and a fourth symbol matrix in first block interleaving
is changed, an RS codeword symbol distribution rule in symbol subsets is changed, and therefore
a relationship between symbol sets and a target symbol subset in second block interleaving is
affected. Embodiment 5 provides specific implementations of a new first block interleaving
solution and corresponding second block interleaving.

[00647] FIG. 49 is a schematic diagram of another implementation of first block interleaving.
As shown in FIG. 49, a symbol in an i row and a j™ column of a fourth symbol matrix is from an

™ row and a y" column of a third symbol matrix, where that x = (j%2) * 4 +iandy =

X
BJ (where0 <i<4and0 <j <16) is satisfied, and
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BJ represents rounding down to the nearest integer of % One row of the fourth symbol matrix

is defined as one symbol subset, and four symbol subsets obtained through interleaving are 16
consecutive RS symbols on T=4 first data streams that are output through the first block
interleaving. With reference to PCS/FEC lane data stream formats shown in FIG. 5 to FIG. 9, it
may be learned that symbols of each symbol subset are from eight different lane data streams, and
the eight lane data streams may be represented as lane data stream j,, lane data stream j,, lane
data stream j,, lane data stream js,lane data stream j,, lane data stream js, lane data stream
jo, lane datastream j,. |jx/4] = x,where x € [0,7],and |jy/4| represents rounding down to the
nearest integer of j, /4. The symbols of each symbol subset are symbols from at least four different
RS codewords.

[00648] The four first data streams are obtained through first block processing shown in FIG.
49, and then four second data streams are obtained through the convolutional interleaving shown
in FIG. 45(c). Three symbol subsets S.(3t-6Q), S.(3t-3Q+1), and S.(3t+2) that are
respectively output from delay line 0, delay line 1, and delay line 2 of the convolution interleaver
and that are in the second data stream are defined as a symbol set, and the symbol set includes a
total of 48 RS symbols. With reference to distribution of RS codewords on PCS/FEC lanes of
various services, the first block interleaving, and the convolutional interleaving in FIG. 5 to FIG.
9, the following cases can be learned: It is not difficult to understand that each symbol subset is
from at least four different RS codewords; and RS codewords corresponding to symbol 0 to symbol
7 are different from RS codewords corresponding to symbol 8 to symbol 15 in a same symbol
subset. Further, RS codeword distribution corresponding to symbol 0 to symbol 7 in any two
symbol subsets may be consistent, and RS codeword distribution corresponding to symbol 8 to
symbol 15 in any two symbol subsets may be consistent. Further, the symbol set is from at least
12 different RS codewords, and at most four symbols in the symbol set belong to a same RS
codeword.

[00649] Therefore, the block interleaving structure shown in FIG. 45(d) may be used to obtain
one symbol set from the second data stream, a total of 12 RS symbols (four RS symbols from each
symbol subset) are selected and mapped to one target symbol subset, to obtain four target symbol
subsets in total. The four target symbol subsets are respectively 12 consecutive RS symbols in four
target symbol subsets output by a block interleaver. This is equivalent to a case in which each
block interleaver outputs S=4 target symbol subsets. For ease of description, R(x,y) is defined as
symbol y of symbol subset x (where x € [0,2] and y € [0,15]). To enable the 12 RS symbols in
the target symbol subset to be from 12 different RS codewords, the 12 RS symbols correspond to
R(0,1p), R(0,11),R(0, 1), R(0, i3), R(1,14), R(1,15), R(1,16), R(1,17), R(2, 1g), R(Z, i9), R(2, i1p),
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and R(2,i;;) that are in the symbol set, and meet the following cases: iy, iy, 14,15, ig, and iy are
different from each other, 1i,,is,i4,i7,i19,andi;; are different from each other,
ig,11,14,1s,1g, and iy € [0,7],and iy, i3, ig,17,119, and i;; € [8,15]. This is equivalent to a case in
which the 12 RS symbols in the target symbol subset are symbols at different positions in the three
symbol subsets; every four symbols are from a same symbol subset, two RS symbols thereof are
from symbol 0 to symbol 7 in the same symbol subset, and the other two RS symbols are from
symbol 8 to symbol 15 in the same symbol subset. Further, eight RS symbols that are in the target
symbol subset, that are from symbol subsets, and that are output from two delay lines whose delay
difference is Q*d=176 are located at different positions of the corresponding symbol subsets.
Further, at most two RS symbols in the target symbol subset are from a same lane data stream, and
are mapped to two different symbol subsets through the first block interleaving. The corresponding
two symbol subsets are output from two different delay lines of two convolution interleavers, and
a delay difference corresponding to the two delay lines is greater than or equal to 136 RS symbols.
According to this rule, there are a plurality of specific mappings from the symbol sets to the target
symbol subset. Tables 25 to 28 provide several specific mapping relationships. Number x in a y*
row and a z™" column in each of Tables 25 to 28 indicates that a z" RS symbol in target symbol
subset y is from a (x%16)" RS symbol in symbol subset [x/16], where 0 <y < 4,0 <z <
12,and 0 < x < 48. It should be noted that, when switching between any rows, switching
between any columns, switching between any columns after switching between any rows, or
switching between any columns before switching between any rows is performed, the foregoing
mapping is still a valid mapping.

[00650] Based on a mapping relationship between each symbol subset and a lane data stream
and a latency relationship between each symbol subset in the symbol set, it is not difficult to learn
that a relationship between the target symbol subset and the lane data stream is as follows: Data of
the target symbol subset is from K1=8 different lane data streams, and the eight lane data streams
may be represented as lane data stream j,, lane data stream j;, lane data stream j,, lane data
stream js,lane data stream j,, lane data stream js, lane data stream j,, and lane data stream
j7. lix/4] = x, where x € [0,7], and |jy/4| represents rounding down to the nearest integer of
jx/4. Further, one RS symbol is selected from four lane data streams, and two RS symbols are
selected from the remaining four lane data streams. Further, if two RS symbols are selected from
a lane data stream, a spacing distance between the two RS symbols in the corresponding lane data
stream is greater than a*N*Kz2/n, in other words, greater than or equal to 2*544*2/32=68 RS
symbols. Further, at most two RS symbols are from two aligned RS symbols in two different lane

data streams.
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Table 25

0 3 8 11 20 23 28 31 34 33 42 41
2 1 10 9 22 21 30 29 32 35 40 43
4 7 12 15 16 19 24 27 38 37 46 45
6 5 14 13 18 17 26 25 36 39 44 47
Table 26
0 3 8 11 20 23 28 31 34 33 42 41
2 1 10 9 22 21 30 29 32 35 40 43
4 7 12 15 18 17 26 25 38 37 46 45
6 5 14 13 16 19 24 27 36 39 44 47
Table 27
0 3 8 11 22 21 30 29 34 33 42 41
2 1 10 9 20 23 28 31 32 35 40 43
4 7 12 15 18 17 26 25 38 37 46 45
6 5 14 13 16 19 24 27 36 39 44 47
Table 28
0 3 8 11 22 21 30 29 34 33 42 41
2 1 10 9 20 23 28 31 32 35 40 43
4 7 12 15 16 19 24 27 38 37 46 45
6 5 14 13 18 17 26 25 36 39 44 47

[00651] The 16 target data streams obtained through the block interleaving are separately sent
to an inner-code encoder. Each target symbol subset is used as one piece of information data of
inner-code encoding. The inner-code encoder generates redundant data, to obtain 16 encoded data
streams. In a possible implementation, inner-code encoding is performed by using
Hamming(128,120), and 8-bit redundancy is added to a total of 120 bits in 12 RS symbols in each
target symbol subset in the target data stream, to obtain a 128-bit codeword. In another possible

implementation, inner-code encoding is performed by using BCH(136,120), and 16-bit
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redundancy is added to a total of 120 bits in 12 RS symbols in each target symbol subset in the
target data stream, to obtain a 136-bit codeword.

[00652] After data processing is performed on inner-code encoded data streams, the data
processed data streams are sent to a channel transmission medium for transmission. The data
processing may include modulation and mapping (mapping), channel interleaving (channel
interleaving), polarization distribution (polarization distribution), DSP framing (Framing), and the
like. For example, the inner-code encoded data streams may be interleaved, so as to improve a
capability of a system to resist a burst error.

[00653] By using the data interleaving and encoding scheme in this embodiment, concatenated
code of KP4 RS(544,514)+Hamming(128,120) in the scheme is under AWGN, a corresponding
pre-FEC BER for implementing a post-FEC bit error rate BER of 1E-15 is approximately 4.5E—
3, and performance approximates to optimal performance of a concatenated FEC scheme.
[00654] FIG. 50(a) is a schematic diagram of another structure of a data processing apparatus
according to an embodiment of this application. As shown in FIG. 50(a), the data processing
apparatus includes an interleaving module 301 and an encoder 302. The interleaving module 301
is configured to perform an operation that is in the foregoing data processing method and that is
of performing interleaving on n lane data streams to obtain m target data streams. The encoder 302
is configured to perform an operation of separately performing second FEC encoding on the m
target data streams to obtain encoded data streams in the foregoing data processing method.
Specifically, the interleaving module 301 includes a convolution interleaver 3011 and a block
interleaver 3012. The convolution interleaver 3011 is configured to perform step 3401 in the
embodiment shown in FIG. 34, and the block interleaver 3012 is configured to perform step 3402
in the embodiment shown in FIG. 34.

[00655] FIG. 50(b) is a schematic diagram of another structure of a data processing apparatus
according to an embodiment of this application. As shown in FIG. 50(b), the data processing
apparatus includes an interleaving module 401 and an encoder 402. The interleaving module 401
is configured to perform an operation that is in the foregoing data processing method and that is
of performing interleaving on n lane data streams to obtain m target data streams. The encoder 402
is configured to perform an operation of separately performing second FEC encoding on the m
target data streams to obtain encoded data streams in the foregoing data processing method.
Specifically, the interleaving module 401 includes a first block interleaver 4011, a convolution
interleaver 4012, and a second block interleaver 4013. The first block interleaver 4011 is
configured to perform step 4201 in the embodiment shown in FIG. 42, the convolution interleaver
4012 is configured to perform step 4202 in the embodiment shown in FIG. 42, and the second
block interleaver 4013 is configured to perform step 4203 in the embodiment shown in FIG. 42.
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[00656] Itshould be understood that the apparatus provided in this application may alternatively
be implemented in another manner. For example, the unit division in the foregoing apparatus is
merely logical function division and may be other division in actual implementation. For example,
a plurality of units or components may be combined or integrated into another system. In addition,
functional units in embodiments of this application may be integrated into one processing unit, or
may be independent physical units, or two or more functional units are integrated into one
processing unit. The integrated unit may be implemented in a form of hardware, or may be
implemented in a form of a software functional unit.

[00657] It should be noted that, in addition to the data processing method described in the
foregoing embodiments, this application further provides another data processing method. The
following describes the method in detail.

[00658] FIG. 51 is another schematic flowchart of a data processing method according to an
embodiment of this application.

[00659] 5101: Perform block interleaving on every t lane data streams of n lane data streams to
obtain s first data streams, so as to obtain a total of m first data streams.

[00660] In this embodiment, the lane data stream may be a PCS lane data stream or an FEC
lane data stream. This is not specifically limited herein. All the n lane data streams are data streams
obtained through first FEC encoding, namely, the foregoing outer-code encoded data streams,
where n is an integer greater than 1. For example, RS code may be used in the outer-code encoding,
and the n outer-code encoded data streams may include a plurality of RS codewords. In actual
application, another encoding scheme may be used to perform the outer-code encoding. For ease
of description, the following uses an RS codeword to represent a codeword generated through the
outer-code encoding. It should be understood that every a codewords obtained through the outer-
code encoding are distributed in b lane data streams, where a<b<n, n can be exactly divided by b,
and a is an integer greater than or equal to 1. In different application scenarios shown in FIG. 5 to
FIG. 9, values of a and b may also be different. The application scenario shown in FIG. 5 is used
as an example, and n=32, a=2, and b=16, in other words, every two codewords are distributed in
16 lane data streams. Values of a and b in application scenarios in FIG. 6 to FIG. 9 may be deduced
with reference to the accompanying drawings, and details are not described herein again. It should
be noted that, in this application, a code length of outer code is measured in symbols, and the
symbol may include one or more bits. For example, the outer code is KP4 RS(544,514) code that
is used, the code length is N=544 symbols, and one symbol includes 10 bits.

[00661] Specifically, the n lane data streams may be divided into q groups, and each group
includes t lane data streams, where q is an integer greater than or equal to 1, and n can be exactly
divided by g. Correspondingly, the m first data streams obtained through the block interleaving

151



10

15

20

25

30

35

may also be divided into g groups, and each group includes s first data streams. That is, n=qg*t, and
m=qg*s. After block interleaving is performed on t lane data streams in each group, a corresponding
group of s first data streams are obtained.

[00662] FIG. 52 is a schematic diagram of a structure in which block interleaving is performed
on n lane data streams according to an embodiment of this application. As shown in FIG. 52, in an
example, g block interleavers perform the block interleaving on the n lane data streams, and
interleaver i obtains first data stream i*s to first data stream [(i+1)*s—1] through block interleaving
on lane data stream i1*t to lane data stream [(i+1)*t—1], where 0<i<q.

[00663] Every a consecutive symbols in each lane data stream are from a different codewords,
every L1 consecutive symbols in each lane data stream are from at least a different codewords,
L1=N*a/b, and N represents a codeword length obtained by performing outer-code encoding. In
this case, t lane data streams in any group are used as an example. First, a consecutive symbols are
selected from each lane data stream to obtain a total of t*a symbols, and then any A bits are selected
from each of the t*a symbols to obtain a total of D=A*t*a bits. The D bits are mapped to D
consecutive bits in any first data stream obtained through block interleaving. A=M/s, and M
represents a quantity of bits included in one symbol. For ease of description, the following uses
M=10 as an example for description.

[00664] It should be noted that every d consecutive symbols in each first data stream obtained
through block interleaving are from v different codewords, and every L2 consecutive symbols in
each first data stream are from at least v different codewords. v can be exactly divided by a, d=D/M,
and L2=t/s*L1.

[00665] In a possible implementation, when sending device 01 sends a 1*800GE service,
according to "Ethernet Technology Consortium 800G Specification” defined by the Ethernet
Technology Consortium, RS-FEC of transmitter device 01 uses KP4 RS(544,514) code, which is
referred to as outer code, and a plurality of RSs are allocated to 32 virtual PCS lanes. Specifically,
as shown in FIG. 5, every 68 consecutive symbols in each of PCS lane data streams 0 to 15 or PCS
lane data streams 16 to 31 form a total of 16*68=1088 symbols, where two RS codewords are
included. a=2 adjacent symbols in each PCS lane data stream are from different RS codewords,
two symbols at same positions in two adjacent PCS lane data streams are from different RS
codewords, and every L1=68 consecutive symbols are from at least a=2 different RS codewords.
The 32 PCS lane data streams are multiplexed and then sent to a transmitter processing module
through a lane attachment unit interface AUI. It should be noted that 1088 symbols of two RS
codewords are distributed in 16 lane data streams, and 68 symbols in the 1088 symbols are 68
consecutive symbols that are in one lane data stream. When L1=68 consecutive symbols in one
lane data stream are from, for example, two dashed boxes in FIG. 5, the 68 symbols are from three
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or four different RS codewords. For brief description, in the following specification, the foregoing
case is briefly expressed as: Every consecutive L1 symbols in each lane data stream are from a
different codewords.

[00666] Based on the schematic diagram of data processing of the transmitter processing
module shown in FIG. 3(h), a PMA unit of the transmitter processing module restores 32 PCS lane
data streams by performing de-mux on the lane attachment unit interface AUI. Then, alignment
marker lock (alignment lock) on the lane data streams is performed by using known alignment
markers (Alignment markers) of PCS lanes. Known alignment markers of 32 lanes are different
(refer to "Ethernet Technology Consortium 800G Specification™). Then, lane reordering (lane
reorder) is performed on the n=32 PCS lane data streams based on the alignment markers, so that
data of the n=32 PCS lanes can be arranged in a specified sequence. A specific arrangement manner
is that a total of 16 lane data streams (lane data stream 2*i (where 0 <i < 16)) are from same RS
codewords, and a total of 16 lane data streams (lane data stream (2*i+1) (where 0 <1i < 16)) are
from same RS codewords.

[00667] Inanother possible implementation, when sending device 01 sends a 1*800GE service,
based on the schematic diagram of data processing of the transmitter processing module shown in
FIG. 3(h), a PMA unit of the transmitter processing module restores 32 PCS lane data streams by
performing de-mux on data received through the lane attachment unit interface AUI. Then,
alignment marker lock (alignment lock) on the lane data streams is performed by using known
alignment markers (Alignment markers) of PCS lanes. Known alignment markers of 32 lanes are
different (refer to "Ethernet Technology Consortium 800G Specification™). Then, the transmitter
processing module then performs lane reordering (lane reorder) on data of the n=32 lanes based
on the alignment markers, so that the n=32 lane data streams can be arranged in a specified
sequence. A specific arrangement manner is that a total of 16 lane data streams (lane data streams
0 to 15) are from same RS codewords, and a total of 16 lane data streams (lane data streams 16 to
31) are from same RS codewords. It should be noted that the foregoing "a total of 16 lane data
streams (lane data streams O to 15) are from same RS codewords” may be understood with
reference to FIG. 5. More specifically, a total of 544 symbols (34 symbols in each of lane data
streams 0 to 15) are from a same RS codeword; and a total of 1088 symbols (68 consecutive
symbols in each of lane data streams 0 to 15) are from two RS codewords. Similarly, a total of 544
symbols (34 symbols in each of lane data streams 16 to 31) are from a same RS codeword; and a
total of 1088 symbols (68 consecutive symbols in each of lane data streams 16 to 31) are from two
other RS codewords. For brief description, in this application, the foregoing case is briefly
expressed as follows: A total of 16 lane data streams (lane data stream O to lane data stream 15) in

the 32 lane data streams are from same codewords, a total of 16 lane data streams (lane data stream
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16 to lane data stream 31) in the 32 lane data streams are from same codewords, and lane data
stream O to lane data stream 15 and lane data stream 16 to lane data stream 31 are from different
codewords.

[00668] The following describes a specific implementation of several block interleaving.
[00669] Implementation 1: That n=32 is used as an example, 16 lane data streams in odd-
numbered lanes of the 32 lane data streams are from same codewords, 16 lane data streams in
even-numbered lanes of the 32 lane data streams are from same codewords, and data streams in
odd-numbered lanes and data streams in even-numbered lanes are from different codewords. That
is, a total of 16 lane data streams (stream 2*i) are from the same codewords, and a total of 16 lane
data streams (stream (2*i+1)) are from the same codewords, where 0 <i < 16.

[00670] FIG. 53 is a schematic diagram of an application scenario of block interleaving
according to an embodiment of this application. One block interleaver shown in FIG. 53 is used to
perform the block interleaving on two lane data streams to obtain one first data stream. A total of
16 block interleavers shown in FIG. 53 need to be used for block interleaving. Specifically, block
interleaver i performs block interleaving on a (2*i)™" lane data stream and a (2*i+1)" lane data
stream to obtain one first data stream, so that a total of m=16 first data streams are obtained, where
0<i<16. A specific mapping manner in the block interleaving is as follows: A total of four symbols
(a=2 symbols from each of lane data stream 2*i and lane data stream (2*i+1)) are selected, and
then are mapped to D=40 consecutive bits, namely, d=4 symbols, in first data stream i in any
sequence. In one first data stream obtained through the block interleaving, every d=4 consecutive
symbols are from v=4 different codewords, and every L2=136 consecutive symbols are from v=4
different codewords.

[00671] Inone manner, 20 consecutive bits in each of lane data stream 2*i and lane data stream
(2*1+1) are output through polling based on 8 bits, to obtain d=4 consecutive symbols that are in
the first data stream. Specifically, if D=40 consecutive bits in the first data stream obtained through
one block interleaving operation are represented as b0 to b39, mapping, of the outputting through

polling based on the B bits, may be represented as follows: A j™ bit in the 40 consecutive bits in
the first data stream is from a (“]EJ /2| * B + j%PB)" bit in 20 consecutive bitsina (2 * i + l]EJ %2)n

lane data stream, where 3 may be a divisor of 20, in other words, 3 =1,2,4,5,10, or 20, and
|x] represents rounding down, where 0 < j < 40.

[00672] FIG. 54 is a schematic diagram of specific embodiments of block interleaving
according to an embodiment of this application. An example in (a) in FIG. 54 represents an
embodiment of block interleaving corresponding to a case in which g = 10. An example in (b) in

FIG. 54 represents an embodiment of block interleaving corresponding to a case in which = 20.
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An example in (c) in FIG. 54 represents an embodiment of block interleaving corresponding to a
case in which 3 = 1.

[00673] Implementation 2: That n=32 is used as an example, 16 lane data streams in odd-
numbered lanes of the 32 lane data streams are from same codewords, 16 lane data streams in
even-numbered lanes of the 32 lane data streams are from same codewords, and data streams in
odd-numbered lanes and data streams in even-numbered lanes are from different codewords. That
is, a total of 16 lane data streams (stream 2*i) are from the same codewords, and a total of 16 lane
data streams (stream (2*i+1)) are from the same codewords, and 0 <i < 16.

[00674] FIG. 55 is a schematic diagram of another application scenario of block interleaving
according to an embodiment of this application. One block interleaver shown in FIG. 55 is used to
perform block interleaving on two lane data streams to obtain two first data streams. A total of 16
block interleavers shown in FIG. 55 need to be used for block interleaving. Specifically, block
interleaver i performs block interleaving on a (2*i)™" lane data stream and a (2*i+1)" lane data
stream to obtain a (2*i)" first data stream and a (2*i+1)™ first data stream, where 0<i<16. A specific
mapping manner of the block interleaving is as follows: A total of four symbols (a=2 consecutive
symbols from each of lane data stream 2*i and lane data stream (2*i+1)) are obtained, and a total
of D=20 bits (any A=M/s=10/2=5 bits from each symbol) are selected and mapped to D=20
consecutive bits, namely, d=2 symbols, in first data stream 2*i or second data stream (2*i+1) in
any sequence. After the block interleaving, every D=20 consecutive bits in the first data stream are
from v=4 different codewords, and further, every L2=68 symbols in each first data stream is from
four different codewords.

[00675] FIG. 56 is a schematic diagram of several specific embodiments of block interleaving
according to an embodiment of this application. B?*”g represents an f bit in 20 consecutive bits

in first data stream (2*i+g) generated through one block interleaving operation performed by block

%10

interleaving i. An example in (a) in FIG. 56 shows that B?*Hg isfroma (5+xg+ l .

|+ 10+
f%5)™ bit in 20 consecutive bitsina (2 * i + L—fol)”‘ lane data stream, where 0 < f < 20and 0 <
g < 2. An example in (b) in FIG. 56 shows that BZ*'*# is from a (5 * g + L—fOJ * 10 + f%5)™ bit

in 20 consecutive bitsina (2 * i + EJ%Z)”‘ lane data stream, where 0 < f< 20and0 < g < 2.

[00676] Implementation 3: That n=32 is used as an example, 16 lane data streams in odd-
numbered lanes of the 32 lane data streams are from same codewords, 16 lane data streams in
even-numbered lanes of the 32 lane data streams are from same codewords, and data streams in
odd-numbered lanes and data streams in even-numbered lanes are from different codewords. That

is, a total of 16 lane data streams (stream 2*i) are from the same codewords, and a total of 16 lane
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data streams (stream (2*i+1)) are from the same codewords, and 0 <i < 16.

[00677] FIG. 57 is a schematic diagram of another application scenario of block interleaving
according to an embodiment of this application. In this application scenario, the block interleaving
is specifically implemented in a multiplexing form. One multiplexer shown in FIG. 57 is
configured to multiplex two lane data streams to obtain one first data stream. A total of 16
multiplexers shown in FIG. 57 need to be used for multiplexing. Specifically, multiplexer i

multiplexes a (2*i)" lane data stream and a (2*i+1)™ lane data stream to obtain one first data stream,

where 0<i<16. A specific mapping manner of the multiplexing is as follows: Cj2i represents a j™

j

group of B consecutive bits in a (2*)" lane data stream, C.,, represents a j" group of B

consecutive bits in a (2*i+1)" lane data stream, where j>0, and C}; and C};,, are consecutive in

2i+1
the first data stream obtained through the multiplexing. That is, after the 2:1 multiplexing, a data
sequence of the first data stream is C2,, C2,1, C3j, C3is1, - Coiy CY .4, ..., Where 0 <i <15,
and B=1, 2, 4, 5, 10, or 20. For example, when p=1, it indicates that first data stream i is obtained
by using bit multiplexing (bit-mux) on the (2*i)" lane data stream and the (2*i+1)"" lane data
stream. For another example, when =10, it indicates that first data stream 1 is obtained by using
RS symbol multiplexing (symbol-mux) on the (2*i)" lane data stream and the (2*i+1)" lane data
stream. For another example, when =20, it indicates that first data stream i is obtained by using
2 RS symbol multiplexing (symbol-mux) on the (2*i)™ lane data stream and the (2*i+1)" lane data
stream. After the 2:1 multiplexing, every d=4 consecutive symbols in the first data stream are from
four different RS codewords.

[00678] Implementation 4: That n=32 is used as an example. A total of 16 lane data streams
(lane data stream O to lane data stream 15) in the 32 lane data streams are from same codewords,
a total of 16 lane data streams (lane data stream 16 to lane data stream 31) in the 32 lane data
streams are from same codewords, and lane data stream O to lane data stream 15 and lane data
stream 16 to lane data stream 31 are from different codewords.

[00679] FIG. 58 is a schematic diagram of another application scenario of block interleaving
according to an embodiment of this application. One block interleaver shown in FIG. 58 is used to
perform block interleaving on two lane data streams to obtain one first data stream. A total of 16
block interleavers shown in FIG. 58 need to be used for block interleaving. Specifically, block
interleaver i performs block interleaving on an i lane data stream and an (i+16)" lane data stream
to obtain one first data stream, so that a total of m=16 first data streams are obtained, where 0<i<16.
A specific mapping manner in the block interleaving is as follows: A total of four symbols (a=2
symbols from each of lane data stream i and lane data stream (i+16)) are selected, and then are

mapped to D=40 consecutive bits, namely, d=4 symbols, in first data stream i in any sequence. In
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one first data stream obtained through the block interleaving, every d=4 consecutive symbols are
from v=4 different codewords, and every L2=136 consecutive symbols are from v=4 different
codewords.

[00680] In one manner, two consecutive symbols in each of lane data stream i and lane data
stream (i+16) are output through polling based on B bits, to obtain d=4 consecutive symbols that
are in the first data stream. Specifically, D=40 consecutive bits in the first data stream obtained
through one block interleaving operation are represented as b0 to b39. In this case, mapping, of

the outputting through polling based on the B bits may be represented as follows: A j™ bit in the

40 consecutive bits in the first data stream is from a (“]EJ /2| * B + j%PB)™ bit in 20 consecutive

bitsina (2 *i+ l]EJ %2)™" lane data stream, |x| represents rounding down, where 0 < j < 40,

and B isl,2,4,5,10,or20.

[00681] Implementation 5: That n=32 is used as an example. A total of 16 lane data streams
(lane data stream O to lane data stream 15) in the 32 lane data streams are from same codewords,
a total of 16 lane data streams (lane data stream 16 to lane data stream 31) in the 32 lane data
streams are from same codewords, and lane data stream O to lane data stream 15 and lane data
stream 16 to lane data stream 31 are from different codewords.

[00682] FIG. 59 is a schematic diagram of another application scenario of block interleaving
according to an embodiment of this application. One block interleaver shown in FIG. 59 is used to
perform block interleaving on two lane data streams to obtain two first data streams. A total of 16
block interleavers shown in FIG. 59 need to be used for block interleaving. Specifically, block
interleaver i performs block interleaving on an i lane data stream and an (i+16)" lane data stream
to obtain a (2*i)" first data stream and a (2*i+1)" first data stream, where 0<i<16. A specific
mapping manner of the block interleaving is as follows: A total of four RS symbols (a=2 RS
symbols from each of lane data stream i and lane data stream (i+16)) are selected, and a total of
D=20 bits (any A=M/s=10/2=5 bits of data from each symbol) are selected and mapped to D=20
consecutive bits, namely, d=2 symbols, in first data stream 2*i or second data stream (2*i+1) in
any sequence. After the block interleaving, every D=20 consecutive bits in the first data stream are
from v=4 different codewords, and further, every L2=68 symbols in each first data stream is from

four different codewords.
[00683] Ina possible implementation, sz*”g represents an " bit in 20 consecutive bits in first

data stream (2*i+g) generated through a block interleaving operation performed through block

%10
5

interleaving i. B?*”g isfroma(5*xg+ [

J * 10 + f%5)™ bit in 20 consecutive bits in a (i +

16 * L—fol)th lane data stream, where 0 < f<20and0 < g < 2.
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[00684] In a possible implementation, sz*”g represents an " bit in 20 consecutive bits in first

data stream (2*i+g) generated through a block interleaving operation performed through block

interleaving i. sz*“g is from a (5 * g + L—fOJ * 10 + f%5)™ bit in 20 consecutive bits in a (i +

16 * L—foj)th lane data stream, where 0 < f<20and0 < g < 2.

[00685] Implementation 6: That n=32 is used as an example. A total of 16 lane data streams
(lane data stream O to lane data stream 15) in the 32 lane data streams are from same codewords,
a total of 16 lane data streams (lane data stream 16 to lane data stream 31) in the 32 lane data
streams are from same codewords, and lane data stream O to lane data stream 15 and lane data
stream 16 to lane data stream 31 are from different codewords.

[00686] FIG. 60 is a schematic diagram of another application scenario of block interleaving
according to an embodiment of this application. In this application scenario, the block interleaving
is specifically implemented in a multiplexing form. One multiplexer shown in FIG. 60 is
configured to multiplex two lane data streams to obtain one first data stream. A total of 16
multiplexers shown in FIG. 60 need to be used for multiplexing. Specifically, multiplexer i

multiplexes an i" lane data stream and an (i+16)" lane data stream to obtain one first data stream,

where 0<i<16. A specific mapping manner of the multiplexing is as follows: Cg represents a j™

group of B consecutive bits in an i lane data stream, C!, . represents a j" group of B consecutive

bits in an (i+16)" lane data stream, where j>0, and C{ and C are consecutive in the first data

i+16
stream obtained through the multiplexing. That is, after the 2:1 multiplexing, a data sequence of
the first data stream is C?, C2,,¢, Ci, Cli¢ .., CY, CW.,, ..., Where 0 < i< 15, and B=1, 2, 4,
5, 10, or 20. For example, when =1, it indicates that first data stream i is obtained by using bit
multiplexing (bit-mux) on the i" lane data stream and the (i+16)" lane data stream. For another
example, when =10, it indicates that first data stream i is obtained by using RS symbol
multiplexing (symbol-mux) on the i lane data stream and the (i+16)" lane data stream. For still
another example, when =20, it indicates that first data stream i is obtained by using 2 RS symbol
multiplexing (symbol-mux) on the i"" lane data stream and the (i+16)" lane data stream. After the
2:1 multiplexing, every d=4 consecutive symbols in the first data stream are from four different
RS codewords.

[00687] It should be noted that multiplexer i multiplexes the i'" lane data stream and the (i+16)™"
lane data stream to obtain one first data stream, in other words, two input data streams of
multiplexer i are the i lane data stream and the (i+16)™ lane data stream, and the multiplexing
may alternatively be implemented in another specific manner. In a specific implementation,

multiplexer i multiplexes the i lane data stream and the (31-i)" lane data stream to obtain one
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first data stream. It should be noted that two input data streams of any multiplexer are applicable
as long as the two input data streams meet the following constraint: One input data stream is from
one of lane data stream O to lane data stream 15, and the other input data stream is from one of
lane data stream 16 to lane data stream 31. A specific implementation thereof may be simply
extended based on the foregoing embodiment. A person of ordinary skill in the art may know the
specific implementation thereof, and details are not described herein again.

[00688] Implementation 7: That n=32 is used as an example. A total of 16 lane data streams
(lane data stream O to lane data stream 15) in the 32 lane data streams are from same codewords,
a total of 16 lane data streams (lane data stream 16 to lane data stream 31) in the 32 lane data
streams are from same codewords, and lane data stream O to lane data stream 15 and lane data
stream 16 to lane data stream 31 are from different codewords. More specifically, with reference
to FIG. 5 for understanding, a total of 544 symbols (34 symbols in each of lane data streams 0 to
15) are from a same RS codeword; and a total of 1088 symbols (68 consecutive symbols in each
of lane data streams 0 to 15) are from two RS codewords. Similarly, a total of 544 symbols (34
symbols in each of lane data streams 16 to 31) are from a same RS codeword; and a total of 1088
symbols (68 consecutive symbols in each of lane data streams 16 to 31) are from two other RS
codewords.

[00689] FIG. 61 is a schematic diagram of still another application scenario of block
interleaving according to an embodiment of this application. One block interleaver shown in FIG.
61 is used to perform block interleaving on four lane data streams to obtain one first data streams.
A total of 8 block interleavers shown in FIG. 61 need to be used for block interleaving. In the four
lane data streams, two lane data streams are from two of lane data stream O to lane data stream 15,
and the other two lane data streams are from two of lane data stream 16 to lane data stream 31.
The block interleaver selects a total of eight symbols (a=2 consecutive symbols from each of the
four lane data streams), and then maps the eight symbols into D=80 consecutive bits, namely, d=8
symbols, in the first data stream. In the first data stream obtained through the block interleaving,
every d=8 consecutive symbols are from at least v=4 different codewords, and every L2=272
consecutive symbols are from at least v=4 different codewords. Further, in the first data stream
obtained through the block interleaving, every four consecutive symbols in every d=8 consecutive
symbols are from four different RS codewords, to be specific, in every eight consecutive symbols,
a 0" symbol to a 3" symbol are from different RS codewords, and a 4™ symbol to a 7" symbol are
from different RS codewords. A specific implementation is that block interleaver i performs block
interleaving on a (2*i)™ lane data stream, a (2*i+1)"" lane data stream, a (2*i+16)" lane data stream,
and a (2*i+17)" lane data stream to obtain one first data stream, so that a total of m=8 first data

streams are obtained, where 0<i<7.
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[00690] A specific interleaving manner of the block interleaving is that a total of eight symbols
(a=2 consecutive symbols from each of the (2*i)" lane data stream, the (2*i+1)™ lane data stream,
the (2*i+16)" lane data stream, and the (2*i+17)" lane data stream (where 0<i<8)) are selected,
and then interleaved into D=80 consecutive bits, namely, d=8 symbols, in first data stream i. In a
specific implementation, in the eight consecutive symbols in first data stream i, the 0™ and 1%
symbols are from the (2*i)" lane data stream, the 2" and 3" symbols are from the (2*i+16)" lane
data stream, the 4™ and 5 symbols are from the (2*i+1)" lane data stream, and the 6" and 7%
symbols are from the (2*i+17)™" lane data stream.

[00691] FIG. 62 is a schematic diagram of still another application scenario of block
interleaving according to an embodiment of this application. It should be noted that the block
interleaving may alternatively be implemented by using symbol multiplexing (symbol-mux)

shown in FIG. 62, where CjZ*i represents two consecutive symbols ina j" group in a (2 = i)™ lane
data stream, C"Z*i +16 Tepresents two consecutive symbols in a i group in a (2 * i+16)™ lane data

stream, C12*1+1 represents two consecutive symbols in a j™ group in a (2 *i+ 1)" lane data

stream, CJZ*i +17 represents two consecutive symbols in a i group in a (2 * i+ 17)" lane data
; j j j j a ;

stream, where j>0, and C,;, C5,,.4: C3.i41,and G, ,, are consecutive in a first data stream

obtained through the multiplexing. That is, a data sequence of first data stream i after 4:1 symbol

i inq ic (9. 0 0 0 j j j j ;

[00692] It should be noted that the 4:1 symbol multiplexing (symbol-mux) may alternatively be
implemented by using multi-level symbol multiplexing. For example, first, a (2*i)" lane data
stream and a (2*i+16)™ lane data stream are multiplexed to obtain a first multiplexing data stream,
and 2:1 symbol multiplexing is performed on a (2*i+1)" lane data stream and a (2*i+17)" lane
data stream to obtain a second multiplexing data stream; then, 2:1 symbol multiplexing is
performed on the first multiplexing data stream and the first multiplexing data stream to obtain
first data stream 1.

[00693] Implementation 8: Based on Implementation 7, Implementation 8 provides another
specific implementation of block interleaving.

[00694] A total of eight symbols (a=2 consecutive symbols from each of a (2*i)" lane data
stream, a (2*i+1)" lane data stream, a (2*i+16)" lane data stream, and a (2*i+17)" lane data stream
(where 0<i<8)) are selected, and then interleaved into D=80 consecutive bits, namely, d=8 symbols,
in first data stream i. In some specific application scenarios, lane data alignment is alignment
performed based on two RS symbols. In this case, a 0 symbol in the two consecutive symbols
obtained from the (2*i)™" lane data stream and a 0" symbol in the two consecutive symbols obtained
from the (2*i+1)" lane data stream are from different RS codewords. A 1% symbol in the two
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consecutive symbols obtained from the (2*i)" lane data stream, and a 1% symbol in the two
consecutive symbols obtained from the (2*i+1)" lane data stream are from different RS codewords.
A 0™ symbol in the two consecutive symbols obtained from the (2*i+16)™ lane data stream, and a
0™ symbol in the two consecutive symbols obtained from the (2*i+17)" lane data stream are from
different RS codewords. A 1% symbol in the two consecutive symbols obtained from the (2*i+16)"
lane data stream, and a 1% symbol in the two consecutive symbols obtained from the (2*i+17)"
lane data stream are from different RS codewords.

[00695] FIG. 63 is a schematic diagram of still another application scenario of block
interleaving according to an embodiment of this application. With reference to the foregoing
features, another specific implementation of the block interleaving is as an example shown in (a)
in FIG. 63. In eight consecutive symbols in first data stream i, 0" and 4" symbols are from a (2*i)""
lane data stream, 1% and 5" symbols are from a (2*i+16)™" lane data stream, 2" and 6" symbols
are from a (2*i+1)" lane data stream, and 3™ and 7" symbols are from a (2*i+17)"" lane data stream.
It should be noted that, the foregoing implementation is equivalent to the following case: One
symbol is obtained from each of the four lane data streams, and interleaving is performed to obtain
four consecutive symbols in data stream i, where in the four consecutive symbols in first data
stream i, the 0™ symbol is from the (2*i)" lane data stream, the 1% symbol is from the (2*i+16)"
lane data stream, the 2" symbol is from the (2*i+1)" lane data stream, and the 3" symbol is from
the (2*i+17)" lane data stream.

[00696]  Still another specific implementation of the block interleaving is as an example shown
in (b) in FIG. 63. In eight consecutive symbols in first data stream i, 0™ and 4™ symbols are from
a (2*)" lane data stream, 1% and 5" symbols are from a (2*i+1)™" lane data stream, 2" and 6%
symbols are from a (2*i+16)" lane data stream, and 3" and 7" symbols are from a (2*i+17)" lane
data stream. It should be noted that, the foregoing implementation is equivalent to the following
case: One symbol is obtained from each of the four lane data streams, and interleaving is performed
to obtain four consecutive symbols in data stream i, where in the four consecutive symbols in first
data stream i, the 0™ symbol is from the (2*i)" lane data stream, the 1%t symbol is from the (2*i+1)"
lane data stream, the 2" symbol is from the (2*i+16)™ lane data stream, and the 3™ symbol is from
the (2*i+17)" lane data stream.

[00697] It should be noted that the block interleaving may alternatively be implemented by
using symbol multiplexing (symbol-mux). In the symbol multiplexing, one symbol is obtained

j

. representsa j™ symbol in a (2 i)™ lane data

from each of the four lane data streams, where C

j

ith
b1 TEPresentsa j

stream, C]'Z*i 116 Tepresents a j™ symbol in a (2  i+16)™ lane data stream, C
j

bir17 Tepresentsa j™ symbolina (2 i+ 17)" lane

symbol ina (2 * i + 1) lane data stream, C
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and )

j
c 2%i+17

D41 are consecutive in the first data

; j j
data stream, where j>0, and C,,;, C;,;, 16
stream obtained through 4:1 symbol multiplexing. That is, a data sequence of first data stream i

after the 4:1 symbol multiplexing IS

... where 0<i<7. C . C

j
C 2xi? 2xi+16"

j
c 2%i+17

0 0 0 0 j j
CZ*i' CZ*i+16' CZ*i+1' CZ*i+17' ) C C 2%i+1’

2xi? M2xi+16’

and ol

j
c 2%i+17

1! are from four different RS codewords. Another specific symbol multiplexing

c)

is that one symbol is obtained from each of the four lane data streams, and c., c 24it16"

2%i7 M2xi+1

and ol

2sis17 are consecutive in the first data stream obtained through 4:1 symbol multiplexing.

That is, a data sequence of first data stream i after the 4:1 symbol multiplexing is
C2ir Cuintr Cuinrer Couiars oo €y Choi 1, Gl C o Where 0 < i< 7.

[00698] Implementation 9: That n=32 is used as an example, 16 lane data streams in odd-
numbered lanes of the 32 lane data streams are from same codewords, 16 lane data streams in
even-numbered lanes of the 32 lane data streams are from same codewords, and data streams in
odd-numbered lanes and data streams in even-numbered lanes are from different codewords. That
is, a total of 16 lane data streams (stream 2*i) are from the same codewords, and a total of 16 lane
data streams (stream (2*i+1)) are from the same codewords, and 0 <i < 16.

[00699] FIG. 64 is a schematic diagram of still another application scenario of block
interleaving according to an embodiment of this application. One block interleaver shown in FIG.
64 is used to perform block interleaving on four lane data streams to obtain one first data streams.
A total of 8 block interleavers shown in FIG. 64 need to be used for block interleaving. In the four
lane data streams, two lane data streams are from two odd-numbered lane data streams of lane data
stream O to lane data stream 31, and the other two lane data streams are from two even-numbered
lane data streams of lane data stream O to lane data stream 31. The block interleaver selects a total
of eight symbols (a=2 consecutive symbols from each of the four lane data streams), and then
maps the eight symbols into D=80 consecutive bits, namely, d=8 symbols, in the first data stream.
In one first data stream obtained through block interleaving, every d=8 consecutive symbols are
from at least v=4 different codewords, and every L2=272 consecutive symbols are from at least
v=4 different codewords. Further, in the first data stream obtained through the block interleaving,
every four consecutive symbols in every d=8 consecutive symbols are from four different RS
codewords, to be specific, in every eight consecutive symbols, a 0" symbol to a 3™ symbol are
from different RS codewords, and a 4" symbol to a 7" symbol are from different RS codewords.
A specific implementation is that block interleaver i performs block interleaving on a (4*i)" lane
data stream, a (4*i+1)" lane data stream, a (4*i+2)™ lane data stream, and a (4*i+3)" lane data
stream to obtain one first data stream, so that a total of m=8 first data streams are obtained, where
0<i<7.
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[00700] A specific interleaving manner of the block interleaving is that a total of eight symbols
(a=2 consecutive symbols from each of the (4*i)" lane data stream, the (4*i+1)™ lane data stream,
the (4*i+2)" lane data stream, and the (4*i+3)" lane data stream (where 0<i<8)) are selected, and
then interleaved into D=80 consecutive bits, namely, d=8 symbols, in first data stream i. In a
specific implementation, in the eight consecutive symbols in first data stream i, the 0™ and 1%
symbols are from the (4*i)" lane data stream, the 2" and 3" symbols are from the (4*i+1)™" lane
data stream, the 4™ and 5 symbols are from the (4*i+2)" lane data stream, and the 6" and 7%
symbols are from the (4*i+3)" lane data stream.

[00701] FIG. 65 is a schematic diagram of still another application scenario of block
interleaving according to an embodiment of this application. It should be noted that the block
interleaving may alternatively be implemented by using symbol multiplexing (symbol-mux)

shown in FIG. 65, where Ci*i represents two consecutive symbols ina j* group in a (4 = i)™ lane

data stream, Ci*i ., represents two consecutive symbols in a j group ina (4 =i + 1)™ lane data

j i i cth i 1o\t
stream, C,,;,, representstwo consecutive symbolsina j" group ina (4 * i+2)™ lane data stream,

c)

1+i+3 Tepresents two consecutive symbols in a j'" group ina (4 * i + 3)™ lane data stream, where

and c

j
C 4%i+3

4%i+2"

j>0, and C}_;, C

Axig1 are consecutive in a first data stream obtained through

the multiplexing. That is, a data sequence of first data stream i after the 4:1 symbol multiplexing
is Ci Couivtr Cuinar Cuings s Chty Chi 1, Ch o) Ch o Where 0 < i< 7.

[00702] It should be noted that the 4:1 symbol multiplexing (symbol-mux) may alternatively be
implemented by using multi-level symbol multiplexing. For example, first, a (4*i)" lane data
stream and a (4*i+1)" lane data stream are multiplexed to obtain a first multiplexing data stream,
and 2:1 symbol multiplexing is performed on (4*i+2)"" lane data stream and a (4*i+3)" lane data
stream to obtain a second multiplexing data stream; then, 2:1 symbol multiplexing is performed
on the first multiplexing data stream and the first multiplexing data stream to obtain first data
stream .

[00703] Implementation 10: Based on Implementation 9, Implementation 10 provides another
specific implementation of block interleaving.

[00704] A total of eight symbols (a=2 consecutive symbols from each of a (4*i)" lane data
stream, a (4*i+1)" lane data stream, a (4*i+2)™" lane data stream, and a (4*i+3)" lane data stream
(where 0<i<8)) are selected, and then interleaved into D=80 consecutive bits, namely, d=8 symbols,
in first data stream i. In some specific application scenarios, lane data alignment is alignment
performed based on two RS symbols. In this case, a 0" symbol in the two consecutive symbols
obtained from the (4*i)"" lane data stream and a 0" symbol in the two consecutive symbols obtained
from the (4*i+2)™" lane data stream are from different RS codewords. A 1%t symbol in the two
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consecutive symbols obtained from the (4*i)" lane data stream, and a 1% symbol in the two
consecutive symbols obtained from the (4*i+2)™ lane data stream are from different RS codewords.
A 0™ symbol in the two consecutive symbols obtained from the (4*i+1)" lane data stream, and a
0™ symbol in the two consecutive symbols obtained from the (4*i+3)™ lane data stream are from
different RS codewords. A 1% symbol in the two consecutive symbols obtained from the (4*i+1)™
lane data stream, and a 1 symbol in the two consecutive symbols obtained from the (4*i+3)™" lane
data stream are from different RS codewords.

[00705] FIG. 66 is a schematic diagram of still another application scenario of block
interleaving according to an embodiment of this application. With reference to the foregoing
features, another specific implementation of the block interleaving is as an example shown in (a)
in FIG. 66. In eight consecutive symbols in first data stream i, 0" and 4" symbols are from a (4*i)""
lane data stream, 1%t and 5" symbols are from a (4*i+1)" lane data stream, 2" and 6" symbols are
from a (4*i+2)"" lane data stream, and 3" and 7" symbols are from a (4*i+3)™" lane data stream. It
should be noted that, the foregoing implementation is equivalent to the following case: One symbol
is obtained from each of the four lane data streams, and interleaving is performed to obtain four
consecutive symbols in data stream i, where in the four consecutive symbols in first data stream i,
the 0™ symbol is from the (4*i)" lane data stream, the 1% symbol is from the (4*i+1)™" lane data
stream, the 2" symbol is from the (4*i+2)" lane data stream, and the 3" symbol is from the
(4*i+3)" lane data stream.

[00706]  Still another specific implementation of the block interleaving is as an example shown
in (b) in FIG. 66. In eight consecutive symbols in first data stream i, 0™ and 4™ symbols are from
a (4*)" lane data stream, 1% and 5" symbols are from a (4*i+2)™" lane data stream, 2" and 6%
symbols are from a (4*i+1)™ lane data stream, and 3™ and 7" symbols are from a (4*i+3)™ lane
data stream. It should be noted that, the foregoing implementation is equivalent to the following
case: One symbol is obtained from each of the four lane data streams, and interleaving is performed
to obtain four consecutive symbols in data stream i, where in the four consecutive symbols in first
data stream i, the 0™ symbol is from the (4*i)" lane data stream, the 1%t symbol is from the (4*i+2)"
lane data stream, the 2" symbol is from the (4*i+1)" lane data stream, and the 3@ symbol is from
the (4*i+3)" lane data stream.

[00707] It should be noted that the block interleaving may alternatively be implemented by
using symbol multiplexing (symbol-mux). In the symbol multiplexing, one symbol is obtained

j

L.i representsa j™ symbol in a (4 = i)™ lane data

from each of the four lane data streams, where C

stream, C),;,, represents a j" symbol in a (4 * i+1)" lane data stream, C},;,, represents a j"

symbol in a (4 * i + 2)" lane data stream, C.,,,, represents a j™ symbol in a (4 = i + 3)" lane

164



10

15

20

25

30

and )

4xi+3

c)

4ig2) are consecutive in the first data

data stream, where j>0, and C{M, Ci*i 10

stream obtained through 4:1 symbol multiplexing. That is, a data sequence of first data stream i
c)

4%i+37 "

c)

after the 4:1 symbol multiplexing is C2.;,C%i11, Couiss Cliray ., Ch ., C! v

4xi? M4xi+1?

and C

4xi+3

c)

45ig2 ) are from four different RS codewords.

. j j
Where O S 1 S 7 C4—*i’ C4.*i+1’

Another specific symbol multiplexing is that one symbol is obtained from each of the four lane

and C are consecutive in the first data stream

4%i+3

c)

j j
data streams, and C C IR

4xi? 4xi+21
obtained through 4:1 symbol multiplexing. That is, a data sequence of first data stream i after the
Cj

4%i4+37 "

c)

4rit1r , Where

4:1 symbol multiplexing is CZ.i,Ci12, Coistr Couivzr ooor Chuir Chroirs
0<i<7.

[00708] It should be noted that, in some specific implementation scenarios, when sending
device 01 sends a 1*800GE service, after PMA 4:1 multiplexing is performed, 32 PCS lane data
streams are sent to a transmitter processing module through a lane attachment unit interface AUI.
During the PMA 4:1 multiplexing, two of four input data streams are from two of 0" to 15" PCS
lane data streams, and the other two are from two of 16" to 31% PCS lane data streams. During
data processing of the transmitter processing module, with reference to the foregoing feature in
which "during the PMA 4:1 multiplexing, two of four input data streams are from two of 0™ to 15"
PCS lane data streams, and the other two are from two of 16" to 31 PCS lane data streams", de-
mux is performed first to restore the 32 PCS lane data streams, where each physical lane data
stream is de-multiplexed de-mux to obtain four PCS lane data streams, and then, alignment marker
lock (alignment lock) of the lane data streams is performed by using known alignment markers
(Alignment markers) of PCS lanes. Then, lane reordering does not need to be performed, and block
interleaving (or symbol multiplexing) in Implementation 7, Implementation 8, Implementation 9,
or Implementation 10 is directly performed on the four PCS lane data streams obtained through
de-multiplexing de-mux the physical lane data stream, and block interleaving (or symbol
multiplexing) is performed on the four lane data streams to obtain one first data stream, so that
eight consecutive symbols in the first data stream are from at least four RS codewords. For a
specific implementation thereof, refer to FIG. 61, FIG. 62, FIG. 63, FIG. 64, FIG. 65, or FIG. 66.
A person of ordinary skill in the art may know the specific implementation thereof, and details are
not described herein again.

[00709] Implementation 11: That n=32 is used as an example. A total of 16 lane data streams
(lane data stream 0 to lane data stream 15) in the 32 lane data streams are from same codewords,
a total of 16 lane data streams (lane data stream 16 to lane data stream 31) in the 32 lane data
streams are from same codewords, and lane data stream O to lane data stream 15 and lane data

stream 16 to lane data stream 31 are from different codewords. More specifically, with reference
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to FIG. 5 for understanding, a total of 544 symbols (34 symbols in each of lane data streams 0 to
15) are from a same RS codeword; and a total of 1088 symbols (68 consecutive symbols in each
of lane data streams 0 to 15) are from two RS codewords. Similarly, a total of 544 symbols (34
symbols in each of lane data streams 16 to 31) are from a same RS codeword; and a total of 1088
symbols (68 consecutive symbols in each of lane data streams 16 to 31) are from two other RS
codewords.

[00710] FIG. 67 is a schematic diagram of still another application scenario of block
interleaving according to an embodiment of this application. One block interleaver shown in FIG.
67 is used to perform block interleaving on eight lane data streams to obtain one first data streams.
Atotal of 4 block interleavers shown in FIG. 67 need to be used for block interleaving. In the eight
lane data streams, four lane data streams are four of lane data stream O to lane data stream 15, and
the other four lane data streams are four of lane data stream 16 to lane data stream 31. The block
interleaver selects a total of 16 symbols (a=2 consecutive symbols from each of the eight lane data
streams), and then maps the 16 symbols into D=160 consecutive bits, namely, d=16 symbols, in
the first data stream. In one first data stream obtained through block interleaving, every d=16
consecutive symbols are from at least v=4 different codewords, and every L2=544 consecutive
symbols are from at least v=4 different codewords. Further, in one first data stream obtained
through block interleaving, every four consecutive symbols in every d=16 consecutive symbols
are from four different RS codewords, to be specific, in every 16 consecutive symbols, a 0" symbol
to a 3 symbol are from different RS codewords, a 4" symbol to a 7" symbol are from different
RS codewords, an 8" symbol to an 11" symbol are from different RS codewords, and a 12" symbol
to a 15" symbol are from different RS codewords. In a specific implementation, block interleaver
i performs block interleaving on a (4*i)™ lane data stream, a (4*i+1)™" lane data stream, a (4*i+2)"
lane data stream, a (4*i+3)" lane data stream, a (4*i+16)" lane data stream, a (4*i+17)"" lane data
stream, a (4*i+18)" lane data stream, and a (4*i+19)" lane data stream to obtain one first data
stream, so that a total of m=4 first data streams are obtained, where 0<i<3.

[00711] A specific interleaving manner of the block interleaving is as follows: A total of 16
symbols (a=2 consecutive symbols from each of the (4*i)" lane data stream, the (4*i+1)" lane data
stream, the (4*i+2)" lane data stream, the (4*i+3)"" lane data stream, the (4*i+16)"" lane data stream,
the (4*i+17)" lane data stream, the (4*i+18)" lane data stream, and the (4*i+19)™ lane data stream
(where 0<i<3)) are selected, and then are interleaved into 16 consecutive symbols in first data
stream i. In a specific implementation, in the 16 consecutive symbols in first data stream i, the 0"
and 1% symbols are from the (4*i)" lane data stream, the 2" and 3" symbols are from the (4*i+16)"
lane data stream, the 4™ and 5" symbols are from the (4*i+1)" lane data stream, the 6" and 7'"
symbols are from the (4*i+17)" lane data stream, the 8" and 9™ symbols are from the (4*i+2)"
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lane data stream, the 10" and 11 symbols are from the (4*i+18)" lane data stream, the 12" and
13" symbols are from the (4*i+3)" lane data stream, and the 14™ and 15" symbols are from the
(4*i+19)" lane data stream.

[00712] FIG. 68 is a schematic diagram of still another application scenario of block
interleaving according to an embodiment of this application. It should be noted that the block

interleaving may alternatively be implemented by using symbol multiplexing (symbol-mux)

shown in FIG. 68, where Ci*i represents two consecutive symbols in a j* group in a (4 = i)™ lane

j

ai+16 EPresents two consecutive symbols in a i group in a (4 * i+16)™" lane data

data stream, C

j

4+1 Tepresents two consecutive symbols in a i group in a (4 *i+ 1)" lane data

stream, C

j

1+i+17 epresents two consecutive symbols in a i group in a (4 * i+ 17)" lane data

stream, C

j

1+i+2 TEPresents two consecutive symbols in a i group in a (4 * i+2)" lane data stream,

stream, C

c)

4+i+1g Tepresents two consecutive symbols in a i group in a (4 i+ 18)™ lane data stream,

c)

1+i+3 Tepresents two consecutive symbols in a i group in a (4 =i+ 3)" lane data stream,

c)

hir19 TEPresents two consecutive symbols in a j™ group in a 4 =i+ 19™ lane data stream,

and )

j
C 4%i+19

4xi+3"

c)

j
c 4%i+18

4xi+2"

c)

j
C 4xi+17

. j j
where j>0, and C C Axigl?

4%i? 4%i+16" are

consecutive in first data stream i obtained through multiplexing. That is, a data sequence of first

. . : o 0 (0 0 0 j j
data stream i after 8:1 symbol multiplexing is Cj.;, C4.iv16) Cavit1r Caxiz17> - Casis Canizie:

and )

j
c 4xi+19

4xi+3?

C)

j
C 4xi+18?

4xi+2"

c)

j
c 4%i+17

Axit1r .., Where 0 <i<3.

[00713] It should be noted that the foregoing 8:1 symbol multiplexing (symbol-mux) may
alternatively be implemented by using multi-level symbol multiplexing, for example, by using
three-level 2:1 symbol multiplexing.

[00714] Implementation 12: Based on Implementation 11, Implementation 12 provides another
specific implementation of block interleaving.

[00715] A total of 16 symbols (a=2 consecutive symbols from each of the (4*i)"" lane data
stream, the (4*i+1)™ lane data stream, the (4*i+2)" lane data stream, the (4*i+3)" lane data stream,
the (4*i+16)™ lane data stream, the (4*i+17)" lane data stream, the (4*i+18)" lane data stream,
and the (4*i+19)" lane data stream (where 0<i<3)) are selected, and then are interleaved into 16
consecutive symbols in first data stream i. In some specific application scenarios, lane data
alignment is alignment performed based on two RS symbols. In this case, a 0 symbol in the two
consecutive symbols obtained from the (4*i)" lane data stream and a 0" symbol in the two
consecutive symbols obtained from the (4*i+1)™ lane data stream are from different RS codewords,
and a 1% symbol in the two consecutive symbols obtained from the (4*i)" lane data stream and a
1%t symbol in the two consecutive symbols obtained from the (4*i+1)" lane data stream are from
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different RS codewords. A 0™ symbol in the two consecutive symbols obtained from the (4*i+2)™
lane data stream and a 0™ symbol in the two consecutive symbols obtained from the (4*i+3)™" lane
data stream are from different RS codewords, and a 1% symbol in the two consecutive symbols
obtained from the (4*i+2)" lane data stream and a 1% symbol in the two consecutive symbols
obtained from the (4*i+3)™ lane data stream are from different RS codewords. A 0" symbol in the
two consecutive symbols obtained from the (4*i+16)™ lane data stream and a 0" symbol in the two
consecutive symbols obtained from the (4*i+17)" lane data stream are from different RS
codewords, and a 1%t symbol in the two consecutive symbols obtained from the (4*i+16)™ lane data
stream and a 1% symbol in the two consecutive symbols obtained from the (4*i+17)" lane data
stream are from different RS codewords. A 0™ symbol in the two consecutive symbols obtained
from the (4*i+18)™ lane data stream and a 0" symbol in the two consecutive symbols obtained
from the (4*i+19)" lane data stream are from different RS codewords, and a 1%t symbol in the two
consecutive symbols obtained from the (4*i+18)™ lane data stream and a 1% symbol in the two
consecutive symbols obtained from the (4*i+19)" lane data stream are from different RS
codewords.

[00716] FIG. 69 is a schematic diagram of still another application scenario of block
interleaving according to an embodiment of this application. With reference to the foregoing
features, another specific implementation of the block interleaving is as an example shown in (a)
in FIG. 69. In 16 consecutive symbols in first data stream i, 0" and 8" symbols are from the (4*i)"
lane data stream, 1%t and 9" symbols are from the (2*i+16)" lane data stream, 2" and 10" symbols
are from the (4*i+1)" lane data stream, 3™ and 11" symbols are from the (4*i+17)" lane data
stream, 4™ and 12" symbols are from the (4*i+2)"" lane data stream, 5" and 13" symbols are from
the (4*i+18)" lane data stream, 6™ and 14™ symbols are from the (4*i+3)" lane data stream, and
7" and 15" symbols are from the (4*i+19)" lane data stream. It should be noted that, the foregoing
implementation is equivalent to the following case: One symbol is obtained from each of the eight
lane data streams, and interleaving is performed to obtain eight consecutive symbols in data stream
i, where in the eight consecutive symbols in first data stream i, the 0™ symbol is from the (4*i)"
lane data stream, the 1%t symbol is from the (4*i+16)" lane data stream, the 2" symbol is from the
(4*i+1)" lane data stream, the 3" symbol is from the (4*i+17)" lane data stream, the 4™ symbol is
from the (4*i+2)™ lane data stream, the 5" symbol is from the (4*i+18)" lane data stream, the 6"
symbol is from the (4*i+3)™ lane data stream, and the 7" symbol is from the (4*i+19)™" lane data
stream.

[00717]  Still another specific implementation of the block interleaving is as an example shown
in (b) in FIG. 69. In 16 consecutive symbols in first data stream i, 0™ and 8" symbols are from the
(4*)" lane data stream, 1% and 9" symbols are from the (4*i+1)" lane data stream, 2" and 10"
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symbols are from the (4*i+16)™ lane data stream, 3" and 11" symbols are from the (4*i+17)" lane
data stream, 4™ and 12" symbols are from the (4*i+2)" lane data stream, 5" and 13" symbols are
from the (4*i+3)" lane data stream, 6" and 14" symbols are from the (4*i+18)" lane data stream,
and 7" and 15" symbols are from the (4*i+19)" lane data stream. It should be noted that, the
foregoing implementation is equivalent to the following case: One symbol is obtained from each
of the eight lane data streams, and interleaving is performed to obtain eight consecutive symbols
in data stream i, where in the eight consecutive symbols in first data stream i, the 0" symbol is
from the (4*i)" lane data stream, the 1% symbol is from the (4*i+1)"" lane data stream, the 2"
symbol is from the (4*i+16)" lane data stream, the 3 symbol is from the (4*i+17)" lane data
stream, the 4™ symbol is from the (4*i+2)™" lane data stream, the 5™ symbol is from the (4*i+3)"
lane data stream, the 6™ symbol is from the (4*i+18)" lane data stream, and the 7" symbol is from
the (4*i+19)" lane data stream.

[00718] It should be noted that the block interleaving may alternatively be implemented by
using symbol multiplexing (symbol-mux). In symbol multiplexing, one symbol is obtained from

j

1+ Tepresents a j" symbol in a (4 * )" lane data stream,

each of the eight lane data streams. C

j j
C 4xi+1

th
45416 represents a j*" symbol

represents a j*" symbol in a (4 = i+16)" lane data stream, C

j

hirqy Tepresents a j™ symbol in a (4 i+ 17)" lane data

ina (4 *i+ 1) lane data stream, C

j
4%i+18

j

th
Ait2 represents a j

stream, C represents a j™ symbol ina (4 =i + 2)" lane data stream, C

j

hirs epresents a j™ symbol in a (4 * i+ 3)™ lane

symbol in a (4 = i+18)" lane data stream, C
j

4xi+19
Cj

4xi+1!

data stream, and C represents a j™ symbol in a (4 = i + 19)" lane data stream, where j>0,

and C,,;, C! Chuirtrr Cheivgs Chuivggr Chuivs @nd Ch... .o are consecutive in the

4*i' “M4xi+16?
first data stream obtained through 8:1 symbol multiplexing. That is, a data sequence of first data

stream i after the 8:1 symbol multiplexing is

0 0 0 0 0 0 0 0 j j j
C4*i' C4*i+16! C4*i+1' C4>¢<i+17! C4*i+2' C4*i+18' C4*i+3' C4*i+19' L C4.*i' C4*i+16' C4.*i+1'

j j j j j j
C4*i+17‘ C4>t<i+2’ C4*i+18‘ C4*i+3’ C4*i+19’ . C4*i+1’

and C!

: j j
. where 0<i<3.C C 4xi+17

4%i' “4%i+16!?

and C!

ait19 are from four

are from four different RS codewords, and C! C CL*i +30

4%i+2" “4xi+18?

different RS codewords. Another specific symbol multiplexing is that one symbol is obtained from

i j j j j j j j
each of the eight lane data streams, and C,;, C Civitier Cavite17r Casizzr Cavivsr Casitiss

4xi' M4xi+1?

j
and Cy.iy10

are consecutive in the first data stream obtained through 8:1 symbol multiplexing.

That is, a data sequence of first data stream i after the 8:1 symbol multiplexing is
j j j

Cg*i' C2*i+1' C2*i+16' C2*1+17, C2*i+2' C2*1+3, C2*i+18' C2*i+19' LR C4.*i' C4*i+1J C4.*i+16'

j j j j .
Casiv17 Canivzr Cavivrer Canitror = where 0 <i< 3.
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[00719] Implementation 13: That n=32 is used as an example, 16 lane data streams in odd-
numbered lanes of the 32 lane data streams are from same codewords, 16 lane data streams in
even-numbered lanes of the 32 lane data streams are from same codewords, and data streams in
odd-numbered lanes and data streams in even-numbered lanes are from different codewords. That
is, a total of 16 lane data streams (stream 2*i) are from the same codewords, and a total of 16 lane
data streams (stream (2*i+1)) are from the same codewords, and 0 <i < 16.

[00720] FIG. 70 is a schematic diagram of still another application scenario of block
interleaving according to an embodiment of this application. One block interleaver shown in FIG.
70 is used to perform block interleaving on eight lane data streams to obtain one first data streams.
Atotal of 4 block interleavers shown in FIG. 70 need to be used for block interleaving. In the eight
lane data streams, four lane data streams are four odd-numbered lane data streams of lane data
stream O to lane data stream 31, and the other four lane data streams are four even-numbered lane
data streams of lane data stream O to lane data stream 31. The block interleaver selects a total of
16 symbols (a=2 consecutive symbols from each of the eight lane data streams), and then maps
the 16 symbols into D=160 consecutive bits, namely, d=16 symbols, in the first data stream. In one
first data stream obtained through block interleaving, every d=16 consecutive symbols are from at
least v=4 different codewords, and every L2=544 consecutive symbols are from at least v=4
different codewords. Further, in one first data stream obtained through block interleaving, every
four consecutive symbols in every d=16 consecutive symbols are from four different RS
codewords, to be specific, in every 16 consecutive symbols, a 0" symbol to a 3 symbol are from
different RS codewords, a 4" symbol to a 7" symbol are from different RS codewords, an 8™
symbol to an 11" symbol are from different RS codewords, and a 12" symbol to a 15" symbol are
from different RS codewords. In a specific implementation, block interleaver i performs block
interleaving on a (8*i)™ lane data stream, a (8*i+1)" lane data stream, a (8*i+2)™ lane data stream,
a (8*i+3)" lane data stream, a (8*i+4)" lane data stream, a (8*i+5)" lane data stream, a (8*i+6)™"
lane data stream, and a (8*i+7)" lane data stream to obtain one first data stream, so that a total of
m=4 first data streams are obtained, where 0<i<3.

[00721] Aspecific interleaving manner of block interleaving is as follows: A total of 16 symbols
(a=2 consecutive symbols from each of the (8*i)" lane data stream, the (8*i+1)™ lane data stream,
the (8*i+2)™" lane data stream, the (8*i+3)" lane data stream, the (8*i+4)" lane data stream, the
(8*i+5)" lane data stream, the (8*i+6)™" lane data stream, and the (8*i+7)"" lane data stream (where
0<i<3)) are selected, and then are interleaved into 16 consecutive symbols in first data stream i. In
a specific implementation, in the 16 consecutive symbols in first data stream i, the 0" and 1%
symbols are from the (8*i)™" lane data stream, the 2" and 3" symbols are from the (8*i+1)™" lane

data stream, the 4" and 5™ symbols are from the (8*i+2)™ lane data stream, the 6" and 7" symbols
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are from the (8*i+3)" lane data stream, the 8 and 9™ symbols are from the (8*i+4)" lane data
stream, the 10" and 11" symbols are from the (8*i+5)" lane data stream, the 12" and 13" symbols
are from the (8*i+6)™ lane data stream, and the 14™ and 15" symbols are from the (8*i+7)™" lane
data stream.

[00722] FIG. 71 is a schematic diagram of still another application scenario of block
interleaving according to an embodiment of this application. It should be noted that the block
interleaving may alternatively be implemented by using symbol multiplexing (symbol-mux)

j

shown in FIG. 71, where Cg;

represents two consecutive symbols ina j* group in a (8 = i)™ lane

j

ssir1 TEPresents two consecutive symbols in a i group in a (8 * i+1)™ lane data

data stream, C

j

stream, Cg,;,, represents two consecutive symbols in a i group in a (8 *i+ 2)" lane data
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Bsit1r . Where 0 <1i<3.

[00723] It should be noted that the foregoing 8:1 symbol multiplexing (symbol-mux) may
alternatively be implemented by using multi-level symbol multiplexing, for example, by using
three-level 2:1 symbol multiplexing.

[00724] Implementation 14: Based on Implementation 13, Implementation 14 provides another
specific implementation of block interleaving.

[00725] A total of 16 symbols (a=2 consecutive symbols from each of the (8*i)™" lane data
stream, the (8*i+1)™" lane data stream, the (8*i+2)" lane data stream, the (8*i+3)™" lane data stream,
the (8*i+4)" lane data stream, the (8*i+5)" lane data stream, the (8*i+6)™" lane data stream, and
the (8*i+7)" lane data stream (where 0<i<3)) are selected, and then are interleaved into 16
consecutive symbols in first data stream i. In some specific application scenarios, lane data
alignment is alignment performed based on two RS symbols. In this case, a 0" symbol in the two
consecutive symbols obtained from the (8*i)" lane data stream and a 0" symbol in the two
consecutive symbols obtained from the (8*i+2)" lane data stream are from different RS codewords,

and a 1% symbol in the two consecutive symbols obtained from the (8*i)" lane data stream and a
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1%t symbol in the two consecutive symbols obtained from the (8*i+2)™ lane data stream are from
different RS codewords. A 0™ symbol in the two consecutive symbols obtained from the (8*i+1)™
lane data stream and a 0™ symbol in the two consecutive symbols obtained from the (8*i+3)™" lane
data stream are from different RS codewords, and a 1% symbol in the two consecutive symbols
obtained from the (8*i+1)" lane data stream and a 1% symbol in the two consecutive symbols
obtained from the (8*i+3)" lane data stream are from different RS codewords. A 0" symbol in the
two consecutive symbols obtained from a (8*i+4)™ lane data stream and a 0™ symbol in the two
consecutive symbols obtained from a (8*i+6)™" lane data stream are from different RS codewords,
and a 1% symbol in the two consecutive symbols obtained from a (8*i+4)™" lane data stream and a
15t symbol in the two consecutive symbols obtained from a (8*i+6)" lane data stream are from
different RS codewords. A 0" symbol in the two consecutive symbols obtained from the (8*i+5)"
lane data stream and a 0™ symbol in the two consecutive symbols obtained from the (8*i+7)™" lane
data stream are from different RS codewords, and a 1% symbol in the two consecutive symbols
obtained from the (8*i+5)" lane data stream and a 1% symbol in the two consecutive symbols
obtained from the (8*i+7)™ lane data stream are from different RS codewords.

[00726] FIG. 72 is a schematic diagram of still another application scenario of block
interleaving according to an embodiment of this application. With reference to the foregoing
features, another specific implementation of the block interleaving is as an example shown in (a)
in FIG. 72. In 16 consecutive symbols in first data stream i, 0" and 8" symbols are from the (8*i)"
lane data stream, 1%t and 9™ symbols are from the (8*i+1)" lane data stream, 2" and 10" symbols
are from the (8*i+2)"" lane data stream, 3" and 11" symbols are from the (8*i+3)™ lane data stream,
4™ and 12" symbols are from the (8*i+4)" lane data stream, 5" and 13" symbols are from the
(8*i+5)™" lane data stream, 6™ and 14™ symbols are from the (8*i+6)" lane data stream, and 7" and
15" symbols are from the (8*i+7)" lane data stream. It should be noted that, the foregoing
implementation is equivalent to the following case: One symbol is obtained from each of the eight
lane data streams, and interleaving is performed to obtain eight consecutive symbols in data stream
i, where in the eight consecutive symbols in first data stream i, the 0™ symbol is from the (8*i)"
lane data stream, the 1% symbol is from the (8*i+1)™ lane data stream, the 2"¥ symbol is from the
(8*i+2)" lane data stream, the 3" symbol is from the (8*i+3)" lane data stream, the 4" symbol is
from the (8*i+4)" lane data stream, the 5" symbol is from the (8*i+5)" lane data stream, the 6%
symbol is from the (8*i+6)™ lane data stream, and the 7" symbol is from the (8*i+7)" lane data
stream.

[00727]  Still another specific implementation of the block interleaving is as an example shown
in (b) in FIG. 72. In 16 consecutive symbols in first data stream i, 0™ and 8" symbols are from the
(8*i)" lane data stream, 1% and 9" symbols are from the (8*i+2)" lane data stream, 2" and 10"
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symbols are from the (8*i+1)" lane data stream, 3 and 11" symbols are from the (8*i+3)" lane
data stream, 4™ and 12" symbols are from the (8*i+4)" lane data stream, 5" and 13" symbols are
from the (8*i+6)" lane data stream, 6™ and 14" symbols are from the (8*i+5)" lane data stream,
and 7" and 15" symbols are from the (8*i+7)" lane data stream. It should be noted that, the
foregoing implementation is equivalent to the following case: One symbol is obtained from each
of the eight lane data streams, and interleaving is performed to obtain eight consecutive symbols
in data stream i, where in the eight consecutive symbols in first data stream i, the 0" symbol is
from the (8*i)" lane data stream, the 1% symbol is from the (8*i+2)" lane data stream, the 2"
symbol is from the (8*i+1)" lane data stream, the 3@ symbol is from the (8*i+3)" lane data stream,
the 4™ symbol is from the (8*i+4)™ lane data stream, the 5" symbol is from the (8*i+6)" lane data
stream, the 6™ symbol is from the (8*i+5)" lane data stream, and the 7" symbol is from the
(8*i+7)" lane data stream.

[00728] It should be noted that the block interleaving may alternatively be implemented by

using symbol multiplexing (symbol-mux). Cé*i represents a j symbol in a (8 * 1) lane data

stream, CL,;., represents a j™ symbol in a (8  i+1)" lane data stream, Cl..., represents a j"

symbol in a (8 * i + 2)" lane data stream, C),,,,, represents a j™ symbol in a (8 * i + 3)" lane

j
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j

ssita TEPresents a i symbol in a (8 * i+4)™" lane data stream, C
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i symbol in a (8 * i + 5)™" lane data stream, C;*i% represents a j™ symbol ina (8 * i + 6)™ lane

j
8xi+7
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data stream, and C represents a j™ symbol ina (8 = i + 7)" lane data stream, where j>0, and
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multiplexing is that one symbol is obtained from each of the eight lane data streams, and ng*i,
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stream obtained through 8:1 symbol multiplexing. That is, a data sequence of first data stream i

after the 8:1 symbol multiplexing is
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[00729] It should be noted that, in some specific implementation scenarios, when sending
device 01 sends a 1*800GE service, after PMA 4:1 multiplexing is performed, 32 PCS lane data

streams are sent to a transmitter processing module through a lane attachment unit interface AUI.
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During the PMA 4:1 multiplexing, two of four input data streams are from two of 0" to 15" PCS
lane data streams, and the other two are from two of 16™ to 31% PCS lane data streams. During
data processing of the transmitter processing module, with reference to the foregoing feature in
which "during the PMA 4:1 multiplexing, two of four input data streams are from two of 0" to 15"
PCS lane data streams, and the other two are from two of 16" to 31 PCS lane data streams", de-
mux is performed first to restore the 32 PCS lane data streams, where each physical lane data
stream is de-multiplexed de-mux to obtain four PCS lane data streams, and then, alignment marker
lock (alignment lock) of the lane data streams is performed by using known alignment markers
(Alignment markers) of PCS lanes. Then, lane reordering does not need to be performed, and block
interleaving (or symbol multiplexing) in Implementation 11, Implementation 12, Implementation
13, or Implementation 14 is directly performed on the eight PCS lane data streams obtained
through de-multiplexing de-mux the two physical lane data streams, and block interleaving (or
symbol multiplexing) is performed on the eight lane data streams to obtain one first data stream,
so that 16 consecutive symbols in the first data stream are from at least four RS codewords. For a
specific implementation thereof, refer to FIG. 67, FIG. 68, FIG. 69, FIG. 70, FIG. 71, or FIG. 72.
A person of ordinary skill in the art may know the specific implementation thereof, and details are
not described herein again.

[00730] 5102: Separately perform convolutional interleaving on the m first data streams to
obtain m second data streams.

[00731] FIG. 73 is a schematic diagram of a structure in which convolutional interleaving is
separately performed on m first data streams according to an embodiment of this application. As
shown in FIG. 73, the convolutional interleaving may be separately performed on the m first data
streams via m convolution interleavers. Each convolution interleaver performs convolutional
interleaving on an input first data stream in a unit of d symbols, to obtain a second data stream
whose data sequence is disordered, where the d symbols are obtained by a block interleaver by
performing one block interleaving operation, and d=D/M.

[00732] It should be noted that, in this embodiment, each convolution interleaver performs the
convolutional interleaving on the input first data stream in a similar manner. Specifically, each
convolution interleaver includes p delay lines (delay lines), and each convolution interleaver
delays the input first data stream based on the p delay lines to obtain the second data stream. p is
an integer greater than 1, a quantity of storage units included in each delay line is different, a delay
line with a smallest quantity of storage units includes O storage units, and a difference between
quantities of storage units of every two adjacent delay lines is Q. Each storage unit is configured
to store d symbols. Symbols in each lane data stream are sequentially input to the p delay lines
based on sequence numbers of the p delay lines, d symbols are input to each delay line for a single
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time and d symbols are output from the delay line for a single time, and p*d consecutive symbols
in the second data stream include the d symbols output from the delay line. Q is an integer greater
than or equal to 1. For example, the p delay lines respectively include O storage units, Q storage
units, 2Q storage units, ..., (p—1)Q storage units, and each storage unit is configured to store d
symbols. In this case, the p delay lines respectively correspond to p delay values, and the delay
values include 0 symbols, Qxd symbols, 2Qxd symbols, ..., (p—1)Qxd symbols. It should be
understood that, a larger quantity of symbols included in the delay value of the delay line indicates
a longer delay (also referred to as latency) of the delay line for a data stream. It should be
understood that when the delay line does not include a storage unit, a delay of the delay line is 0
symbols, in other words, transparent transmission with no delay is performed.

[00733] Itshould be noted that, at a same moment, an input switch (switch) and an output switch
of the convolution interleaver are located on a same delay line. After d symbols are input to a
current delay line for a single time and d symbols are output from the current delay line for a single
time, positions of the switches are updated to a next delay line, to ensure that symbols in each lane
data stream are sequentially input to the p delay lines based on sequence numbers of the p delay
lines, and p*d consecutive symbols in a first data stream include d symbols output from each delay
line. A specific data read/write operation is as follows: d symbols are read out from a storage unit
that is closest to an output port and that is on the current delay line. d symbols stored in each
storage unit that is on the current delay line are transferred to a next storage unit. Then, d symbols
are written into a storage unit that is closest to an input port and that is on the current delay line.
Then, switching to a next delay line is performed and the foregoing operations are repeated, and
the rest can be deduced by analogy.

[00734] Inapossible implementation, a structure of the convolution interleaver is shown in FIG.
12(a), and quantities of storage units in the p delay lines are in descending order based on sequence
numbers of the p delay lines. To be specific, delay line 0 has (p—1)Q storage units, Q storage units
are sequentially reduced for each delay line, and delay line (p-1) has O storage units. In this
example, d(p *Q + 1) > L2, and L2=t/s*L1, so that d*p consecutive symbols in second data
stream r output by convolution interleaver r are from at most v*p different codewords, and 0 <
r<m-—1.

[00735] Inanother possible implementation, a structure of the convolution interleaver is shown
in FIG. 12(b), and quantities of storage units in the p delay lines are in ascending order based on
sequence numbers of the p delay lines. To be specific, delay line 0 has 0 storage units, Q storage
units are sequentially increased for each delay line, and delay line (p—1) has (p—1)Q storage units.
In this example, d(p * Q — 1) > L2, and L2=t/s*L1, so that d*p consecutive symbols in second

data stream r output by convolution interleaver r are from at most v*p different codewords, and
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0<r<n-1.

[00736] It should be understood that when same parameters p, Q, and d are used, convolutional
interleaving in FIG. 12(a) and convolutional interleaving in FIG. 12(b) are reverse operations of
each other. In other words, when a transmitter processing module uses the convolutional
interleaving structure shown in FIG. 12(a), convolutional de-interleaving corresponding to a
receiver processing module uses the structure shown in FIG. 12(b). Similarly, when a transmitter
processing module uses the convolutional interleaving structure shown in FIG. 12(b),
convolutional de-interleaving corresponding to a receiver processing module uses the structure
shown in FIG. 12(a).

[00737] It should be further understood that any one of n convolution interleavers may use one
of FIG. 12(a) or FIG. 12(b). In actual application, the n convolution interleavers may all use the
structure shown in FIG. 12(a); the n convolution interleavers may all use the structure shown in
FIG. 12(b); or some convolution interleavers may use the structure shown in FIG. 12(a), and the
remaining convolution interleavers use the structure shown in FIG. 12(b).

[00738] For ease of description, the following embodiments related to convolutional
interleaving are described by using an example in which the n convolution interleavers all use the
structure shown in FIG. 12(a). Certainly, the example may be simply extended to another structure
listed above, specific implementation thereof may be known to a person of ordinary skill in the art,
and details are not described herein. The following describes several specific embodiments of the
convolutional interleaving.

[00739] Embodiment 1: Convolutional interleaving provided in Embodiment 1 is implemented
based on the block interleaving provided in Implementation 1 in step 5101.

[00740] FIG. 74 is a schematic diagram of an embodiment of a convolution interleaver
according to an embodiment of this application. As shown in FIG. 74, the convolution interleaver
includes p=3 delay lines (delay lines). The p=3 delay lines respectively include 2Q storage units,
Q storage units, and 0 storage units, and each storage unit is configured to store d=4 symbols (40
bits). In other words, a delay value of delay line 0 is 8Q symbols, a delay value of delay line 1 is
4Q symbols, and a delay value of delay line 2 is 0 symbols, that is, no delay.

[00741] As shown in FIG. 74, C.() represents one symbol (10 bits) in first data stream r
(where 0 <r <m—1). For example, C.(12t), C.(12t+ 1), C.(12t+ 2), and C.(12t+ 3)

represent four symbols that are currently input from first data stream r to delay line 0, and

C (12t — 24Q), C.(12t—24Q+1), C.(12t—24Q +2), and C.(12t—24Q + 3) are four

symbols output from delay line 0; C.(12t+4), C.(12t+5), C.(12t+6), and C.(12t+ 7)

represent four symbols that are subsequently input from first data stream r to delay line 1, and

C.(12t—12Q+4), C.(12t—12Q+5), C.(12t—12Q +6), and C.(12t—12Q+7) are
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four symbols output from delay line 1; C.(12t+8), C.(12t+9), C.(12t+ 10), and
C.(12t+ 11) represent four symbols that are subsequently input from first data stream r to
delay line 2,and C.(12t+ 8), C.(12t+9), C.(12t+ 10),and C.(12t+ 11) are four symbols
output from delay line 2; C.(12t+ 12), C.(12t+ 13), C.(12t+14), and C.(12t+ 15)
represent four symbols that are subsequently input from first data stream r to delay line 0, and
C (12t —24Q + 12), C.(12t—24Q+13), C.(12t—24Q+ 14), and C,.(12t — 24Q + 15)
are four symbols output from delay line 0; and so on. With reference to an RS distribution rule in
the first data stream, when d(pQ+ 1) =136, that is, Q > 11, a total of 12 symbols
C (12t —24Q), C.(12t—24Q+1), C.(12t—24Q+2), C.(12t—24Q+3), C.(12t—
12Q4+4), C.(12t—12Q+5), C.(12t—12Q+6), C.(12t—12Q+7), C.(12t+8),
C.(12t+9), C.(12t+10), and C.(12t+ 11) that are output through convolutional
interleaving are from 12 different RS codewords.

[00742] In a possible implementation, FIG. 75 is a schematic diagram of another embodiment
of a convolution interleaver according to an embodiment of this application. As shown in FIG. 75,
based on the embodiment shown in FIG. 74, that Q = 11 is selected, and a corresponding
interleaving latency is approximately 22*4*3/2=132 RS symbols, which is equivalent to a total
interleaving and de-interleaving latency of 50 ns of a 1*800GE service.

[00743] Embodiment 2: In this embodiment, a newly designed convolution interleaver is used
based on Embodiment 1, to obtain a solution with a lower latency but second optimal error
correction performance.

[00744] FIG. 76 is a schematic diagram of another embodiment of a convolution interleaver
according to an embodiment of this application. As shown in FIG. 76, the convolution interleaver
includes p=2 delay lines (delay lines). The p=2 delay lines respectively include Q storage units
and O storage units, and each storage unit is configured to store d=4 symbols (40 bits). In other
words, a delay value of delay line 0 is 4Q symbols, and a delay value of delay line 1 is 0 symbols,
that is, no delay.

[00745] As shown in FIG. 76, C,() represents one symbol (10 bits) in first data stream r
(where 0 <r<m-—1). For example, C.(8t), C.(8t+1), C.(8t+2), and C.(8t+ 3)
represent four symbols (40 bits) currently input from first data stream r to delay line 0, and
C.(8t—8Q), C.(8t—8Q+1), C.(8t—8Q+2), and C.(8t—8Q+ 3) are four symbols
output from delay line 0; C.(8t+4), C.(8t+5), C.(8t+6), and C.(8t+ 7) represent four
symbols that are subsequently input from first data stream r to delay line 1, and C.(8t+ 4),
C.(8t+5), C.(8t+6),and C.(8t+ 7) are RS symbols output from delay line 1. C.(8t + 8),
C.(8t+9), C.(8t+ 10), and C.(8t+ 11) represent four symbols that are subsequently input
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from first data stream r to delay line 0, and C.(8t—8Q + 8), C.(8t—8Q +9), C.(8t—8Q +
10), and C.(8t—8Q + 11) are four RS symbols output from delay line 0; and so on. With
reference to an RS distribution rule in the first data stream, when d(pQ + 1) = 136, thatis, Q >
17, atotal of eight symbols C.(8t—8Q), C.(8t—8Q+ 1), C.(8t—8Q + 2), C.(8t—8Q + 3),
C.(8t+4), C.(8t+5), C.(8t+6), and C.(8t+ 7) that are output through convolutional
interleaving are from eight different RS codewords.

[00746] In a possible implementation, FIG. 77 is a schematic diagram of another embodiment
of a convolution interleaver according to an embodiment of this application. As shown in FIG. 77,
based on the embodiment shown in FIG. 76, that Q = 17 is selected, and a corresponding
interleaving latency is approximately 17*4*2/2=68 RS symbols, which is equivalent to a total
interleaving and de-interleaving latency of 26 ns of a 1*800GE service.

[00747] Embodiment 3: Convolutional interleaving provided in Embodiment 3 is implemented
based on the block interleaving provided in Implementation 2 in step 5101.

[00748] FIG. 78 is a schematic diagram of another embodiment of a convolution interleaver
according to an embodiment of this application. As shown in FIG. 78, the convolution interleaver
includes p=3 delay lines (delay lines). The p=3 delay lines respectively include 2Q storage units,
Q storage units, and 0 storage units, and each storage unit is configured to store d=2 symbols. In
other words, a delay value of delay line 0 is 4Q symbols, a delay value of delay line 1 is 2Q
symbols, and a delay value of delay line 2 is 0 symbols, that is, no delay.

[00749] AsshowninFIG. 78, S:. 0 represents two consecutive symbols (a total of 20 bits) in
first data stream r (where 0 <r < m — 1), and the 20 bits are 20 bits obtained by performing
one block interleaving operation by a block interleaving module provided in this embodiment. A
convolutional interleaving process is as follows: S.(3t) represents two symbols currently input
from first data stream r to delay line 0, and S.(3t — 6Q) is two RS symbols output from delay
line 0; S.(3t+ 1) represents two symbols currently input from first data stream r to delay line
1, and S.(3t—3Q + 1) is two symbols output from delay line 1; S.(3t+ 2) represents two
symbols currently input from first data stream r to delay line 2, and S.(3t + 2) is two symbols
output from delay line 2; S.(3t+ 3) represents two symbols currently input from first data stream
r todelay line 0, and S.(3t— 6Q + 3) is two symbols output from delay line 0; and so on. With
reference to an RS distribution rule in the first data stream, when d(pQ + 1) = 68, thatis, Q >
11, a total of 12 symbols S.(3t—6Q), S.(3t—3Q+ 1), S, (3t+2), S,(3t—6Q+3),
S;(3t—3Q+4), and S.(3t+5) that are consecutively output through convolutional
interleaving are from 12 different RS codewords.

[00750] In a possible implementation, FIG. 79 is a schematic diagram of another embodiment
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of a convolution interleaver according to an embodiment of this application. As shown in FIG. 79,
based on the embodiment shown in FIG. 78, that Q = 11 is selected, and a corresponding
interleaving latency is approximately 22*2*3/2=66 RS symbols, which is equivalent to a total
interleaving and de-interleaving latency of 50 ns of a 1*800GE service.

[00751] Embodiment 4: In this embodiment, a newly designed convolution interleaver is used
based on Embodiment 2.

[00752] FIG. 80 is a schematic diagram of another embodiment of a convolution interleaver
according to an embodiment of this application. As shown in FIG. 80, the convolution interleaver
includes p=6 delay lines (delay lines). The p=6 delay lines respectively include 5Q storage units,
4Q storage units, 3Q storage units, 2Q storage units, Q storage units, and 0 storage units, and each
storage unit is configured to store d=2 symbols (20 bits). That is, a delay value of delay line 0 is
10Q symbols, a delay value of delay line 1 is 8Q symbols, a delay value of delay line 2 is 6Q
symbols, a delay value of delay line 3 is 4Q symbols, a delay value of delay line 4 is 2Q symbols,
and a delay value of delay line 5 is 0 symbols, that is, no delay.

[00753] AsshowninFIG. 80, S: 0 represents two consecutive symbols (a total of 20 bits) in
first data stream r (where 0 <r < m — 1), and the 20 bits are 20 bits obtained by performing
one block interleaving operation by a block interleaving module provided in this embodiment. A
convolutional interleaving process is as follows: S.(6t) represents two symbols currently input
from first data stream r to delay line 0, and S.(6t — 30Q) is two RS symbols output from delay
line 0; S.(6t+ 1) represents two symbols currently input from first data stream r to delay line
1, and S.(6t—24Q + 1) is two symbols output from delay line 1; S.(6t + 2) represents two
symbols currently input from first data stream r to delay line 2, and S.(6t — 18Q + 2) is two
symbols output from delay line 2; S.(6t + 3) represents two symbols currently input from first
data stream r to delay line 3, and S.(6t — 12Q + 3) is two symbols output from delay line 3;
S.(6t + 4) represents two symbols currently input from first data stream r to delay line 4, and
S.(6t — 6Q + 4) is two symbols output from delay line 4; S.(6t+ 5) represents two symbols
currently input from first data stream r to delay line 5, and S.(6t + 5) is two symbols output
from delay line 5; S.(6t + 6) represents two symbols currently input from first data stream r to
delay line 0, and S.(6t —30Q + 6) is two symbols output from delay line O; and so on. With
reference to an RS distribution rule in the first data stream, when d(2pQ + 1) > 68, thatis, Q >
3, a total of 12 symbols S.(6t —30Q), S.(6t —24Q + 1), S.(6t—18Q + 2), S.(6t—12Q +
3), S, (6t—6Q+4), and S.(6t+5) that are consecutively output through convolutional
interleaving are from 12 different RS codewords.

[00754] FIG. 81 is a schematic diagram of another embodiment of a convolution interleaver
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according to an embodiment of this application. As shown in FIG. 81, based on the embodiment
shown in FIG. 80, that Q =3 is selected, and a corresponding interleaving latency is
approximately 15*2*6/2=90 RS symbols, which is equivalent to a total interleaving and de-
interleaving latency of 67 ns of a 1*800GE service.

[00755] Embodiment 5: Convolutional interleaving provided in this embodiment is
implemented based on block interleaving (or symbol multiplexing) provided in Implementation 1,
3, 4, or 5 in step 5101. A convolution interleaver includes p=4 delay lines (delay lines). The p=4
delay lines respectively include 3Q storage units, 2Q storage units, Q storage units, and 0 storage
units, and each storage unit is configured to store d=4 symbols (40 bits). With reference to an RS
distribution rule in a first data stream, when d(p*Q+1)> 136, thatis, Q =9, or when v(p*Q-1)>
136, that is, Q =9, 16 symbols output from four delay lines, of the convolution interleaver, on
which polling is performed for one time are from 16 different RS codewords.

[00756] It should be noted that the block interleaving provided in Implementation 3,
Implementation 4, and Implementation 6 in step 5101 may be implemented based on the
convolutional interleaving provided in Embodiment 1 and Embodiment 2 in step 5102. The block
interleaving provided in Implementation 5 in step 5101 may be implemented based on the
convolutional interleaving provided in Embodiment 3 and Embodiment 4 in step 5102.

[00757] It should be noted that every d consecutive symbols in each first data stream obtained
through block interleaving are from at least v different codewords, and every L2 consecutive
symbols in each first data stream are from at least v different codewords. In some implementation
scenarios, for example, Implementations 7 to 10 in step 5101, v<d. In a specific embodiment, each
convolution interleaver performs convolutional interleaving on an input first data stream in a unit
of v symbols, to obtain a second data stream whose data sequence is disordered. It should be noted
that each storage unit in the convolutional interleaving stores the v symbols. The following
describes two specific embodiments of the convolutional interleaving.

[00758] Embodiment 6: Convolutional interleaving provided in this embodiment is
implemented based on block interleaving (or symbol multiplexing) provided in Implementation 7,
8,9, or 10 in step 5101. Based on Embodiment 1, with reference to FIG. 72 and an RS distribution
rule in a first data stream, when v(p*Q+1)> 272, in other words, 12 * Q + 4 > 272, thatis, Q >
23, a total of 12 symbols C,(12t-24Q), C,(12t-24Q + 1), C.(12t-24Q + 2), C,(12t-24Q +
3),C.(12t-12Q+4), C.(12t-12Q +5), C.(12t-12Q + 6), C.(12t-12Q + 7),C,(12t+8),
C-(12t4+9), C.(12t+10), and C.(12t+11) that are output through the convolutional
interleaving are from 12 different RS codewords.

[00759] FIG. 82 is a schematic diagram of another embodiment of a convolution interleaver

according to an embodiment of this application. In a possible implementation, based on the
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embodiment shown in FIG. 74, that Q = 23 is selected. A specific convolution interleaver is
shown in FIG. 82, and a corresponding interleaving latency is approximately 2*23*4*3/2=276 RS
symbols, which is equivalent to a total interleaving and de-interleaving latency of approximately
52 ns of a 1*800GE service.

[00760] Embodiment 7: Convolutional interleaving provided in this embodiment is
implemented based on block interleaving (or symbol multiplexing) provided in Implementation
11, 12, 13, or 14 in step 5101. Based on Embodiment 1, with reference to FIG. 74 and an RS
distribution rule in a first data stream, when v(p*Q+1)> 544, in other words, 12 * Q + 4 > 544,
that is, Q > 45, a total of 12 symbols C.(12t-24Q), C,(12t-24Q + 1), C,(12t-24Q + 2),
C,(12t-24Q + 3), C,(12t-12Q+4) , C.(12t-12Q +5), C.(12t-12Q+6), C.(12t-12Q +
7), C.(12t+8) , C.(12t+9), C,.(12t+10), and C,.(12t+11) that are output through
convolutional interleaving are from 12 different RS codewords.

[00761] FIG. 83 is a schematic diagram of another embodiment of a convolution interleaver
according to an embodiment of this application. In a possible implementation, based on the
embodiment shown in FIG. 74, that Q = 45 is selected. A specific convolution interleaver is
shown in FIG. 83, and a corresponding interleaving latency is approximately 2*45*4*3/2=540 RS
symbols, which is equivalent to a total interleaving and de-interleaving latency of approximately
51 ns of a 1*800GE service.

[00762] Embodiment 8: Convolutional interleaving provided in this embodiment is
implemented based on block interleaving (or symbol multiplexing) provided in Implementation 7,
8,9, or 10 in step 5101. A convolution interleaver includes p=4 delay lines (delay lines). The p=4
delay lines respectively include 3Q storage units, 2Q storage units, Q storage units, and 0 storage
units, and each storage unit is configured to store v=4 symbols (40 bits). With reference to an RS
distribution rule in a first data stream, when v(p*Q+1)> 272, that is, Q = 17, or when v(p*Q-
1)> 272, thatis, Q = 18, 16 symbols output from four delay lines, of the convolution interleaver,
on which polling is performed for one time are from 16 different RS codewords.

[00763] Embodiment 9: Convolutional interleaving provided in this embodiment is
implemented based on block interleaving (or symbol multiplexing) provided in Implementation
11,12, 13, or 14 in step 5101. A convolution interleaver includes p=4 delay lines (delay lines). The
p=4 delay lines respectively include 3Q storage units, 2Q storage units, Q storage units, and 0
storage units, and each storage unit is configured to store v=4 symbols (40 bits). With reference to
an RS distribution rule in a first data stream, when v(p*Q+1)> 544, that is, Q > 34, or when
v(p*Q-1)=> 272, that is, Q = 35, 16 symbols output from four delay lines, of the convolution
interleaver, on which polling is performed for one time are from 16 different RS codewords.
[00764] It should be noted that in the foregoing nine embodiments, each storage unit stores an
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integer number of RS symbols. When an information length of an inner-code codeword is an
integer number of RS symbols, and further, the information length of the inner-code codeword is
an integer multiple of v*p, a receiver processing module may automatically perform convolution
de-interleaving synchronization after inner code synchronization. For a case in which the length
of inner code information is not an integer number of RS symbols, a convolutional interleaving
solution that facilitates a receiver processing module in performing convolutional de-interleaving
synchronization is provided. The following describes eight specific embodiments of the
convolutional interleaving.

[00765] Embodiment 10: Convolutional interleaving provided in this embodiment is
implemented based on block interleaving (or symbol multiplexing) provided in Implementation 1,
3, 4, or 6 in step 5101. A convolution interleaver includes p=4 delay lines (delay lines). The p=4
delay lines respectively include 3Q storage units, 2Q storage units, Q storage units, and 0 storage
units, and each storage unit is configured to store v=34 bits. With reference to an RS distribution
rule in a first data stream, when the convolution interleaver shown in FIG. 12(a) is used, and
v(p*Q+1)=> 1360, that is, Q = 10, or when the convolution interleaver shown in FIG. 12(b) is
used, and v(p*Q-1)=> 1360, that is, Q = 11, 136 bits output from four delay lines, of the
convolution interleaver, on which polling is performed for one time are from 16 different RS
codewords. When Q=10, a corresponding convolution and de-convolution latency is
approximately 75 ns.

[00766] Embodiment 11: Convolutional interleaving provided in this embodiment is
implemented based on block interleaving (or symbol multiplexing) provided in Implementation 1,
3, 4, or 6 in step 5101. A convolution interleaver includes p=2 delay lines (delay lines). The p=2
delay lines respectively include Q storage units and O storage units, and each storage unit is
configured to store v=68 bits. With reference to an RS distribution rule in a first data stream, when
the convolution interleaver shown in FIG. 12(a) is used, and v(p*Q+1)> 1360, that is, Q > 10,
or when the convolution interleaver shown in FIG. 12(b) is used, and v(p*Q-1)=> 1360, that is,
Q = 11, 136 bits output from two delay lines, of the convolution interleaver, on which polling is
performed for one time are from at least eight different RS codewords. When Q=10, a
corresponding convolution and de-convolution latency is approximately 26 ns.

[00767] Embodiment 12: Convolutional interleaving provided in this embodiment is
implemented based on block interleaving (or symbol multiplexing) provided in Implementation 2
or 5 in step 5101. A convolution interleaver includes p=4 delay lines (delay lines). The p=4 delay
lines respectively include 3Q storage units, 2Q storage units, Q storage units, and 0 storage units,
and each storage unit is configured to store v=34 bits. With reference to an RS distribution rule in

a first data stream, when the convolution interleaver shown in FIG. 12(a) is used, and v(p*Q+1)=>
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680, that is, Q = 5, or when the convolution interleaver shown in FIG. 12(b) is used, and v(p*Q-
1)> 680, thatis, Q > 6, 136 bits output from four delay lines, of the convolution interleaver, on
which polling is performed for one time are from 16 different RS codewords. When Q=5, a
corresponding convolution and de-convolution latency is approximately 75 ns.

[00768] Embodiment 13: Convolutional interleaving provided in this embodiment is
implemented based on block interleaving (or symbol multiplexing) provided in Implementation 2
or 4 in step 5101. A convolution interleaver includes p=2 delay lines (delay lines). The p=2 delay
lines respectively include Q storage units and O storage units, and each storage unit is configured
to store v=68 bits. With reference to an RS distribution rule in a first data stream, when the
convolution interleaver shown in FIG. 12(a) is used, and v(p*Q+1)=> 680, thatis, Q > 5, or when
the convolution interleaver shown in FIG. 12(b) is used, and v(p*Q-1)=> 680, thatis, Q = 6, 136
bits output from two delay lines, of the convolution interleaver, on which polling is performed for
one time are from at least eight different RS codewords. When Q=5, a corresponding convolution
and de-convolution latency is approximately 26 ns.

[00769] Embodiment 14: Convolutional interleaving provided in this embodiment is
implemented based on block interleaving (or symbol multiplexing) provided in Implementation 7,
8,9, or 10 in step 5101. A convolution interleaver includes p=4 delay lines (delay lines). The p=4
delay lines respectively include 3Q storage units, 2Q storage units, Q storage units, and 0 storage
units, and each storage unit is configured to store v=34 bits. With reference to an RS distribution
rule in a first data stream, when the convolution interleaver shown in FIG. 12(a) is used, and
v(p*Q+1)=> 2720, that is, Q = 20, or when the convolution interleaver shown in FIG. 12(b) is
used, and v(p*Q-1)=> 2720, that is, Q > 21, 136 bits output from four delay lines, of the
convolution interleaver, on which polling is performed for one time are from 16 different RS
codewords. When Q=20, a corresponding convolution and de-convolution latency is
approximately 75 ns.

[00770] Embodiment 15: Convolutional interleaving provided in this embodiment is
implemented based on block interleaving (or symbol multiplexing) provided in Implementation 7,
8,9, or 10 in step 5101. A convolution interleaver includes p=2 delay lines (delay lines). The p=2
delay lines respectively include Q storage units and O storage units, and each storage unit is
configured to store v=68 bits. With reference to an RS distribution rule in a first data stream, when
v(p*Q+1)> 2720, that is, Q = 20, or when v(p*Q-1)> 2720, that is, Q = 21, 136 bits output
from two delay lines, of the convolution interleaver, on which polling is performed for one time
are from at least eight different RS codewords. When Q=40, a corresponding convolution and de-
convolution latency is approximately 26 ns.

[00771] Embodiment 16: Convolutional interleaving provided in this embodiment is
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implemented based on block interleaving (or symbol multiplexing) provided in Implementation
11,12, 13, or 14 in step 5101. A convolution interleaver includes p=4 delay lines (delay lines). The
p=4 delay lines respectively include 3Q storage units, 2Q storage units, Q storage units, and 0
storage units, and each storage unit is configured to store v=34 bits. With reference to an RS
distribution rule in a first data stream, when the convolution interleaver shown in FIG. 12(a) is
used, and v(p*Q+1)=> 5440, that is, Q = 40, or when the convolution interleaver shown in FIG.
12(b) is used, and v(p*Q-1)=> 5440, that is, Q > 41, 136 bits output from four delay lines, of the
convolution interleaver, on which polling is performed for one time are from 16 different RS
codewords. When Q=40, a corresponding convolution and de-convolution latency is
approximately 75 ns.

[00772] Embodiment 17: Convolutional interleaving provided in this embodiment is
implemented based on block interleaving (or symbol multiplexing) provided in Implementation
11,12, 13, or 14 in step 5101. A convolution interleaver includes p=2 delay lines (delay lines). The
p=4 delay lines respectively include Q storage units and O storage units, and each storage unit is
configured to store v=68 bits. With reference to an RS distribution rule in a first data stream, when
the convolution interleaver shown in FIG. 12(a) is used, and v(p*Q+1)> 5440, that is, Q > 40,
or when the convolution interleaver shown in FIG. 12(b) is used, and v(p*Q-1)= 5440, that is,
Q > 41, 136 bits output from two delay lines, of the convolution interleaver, on which polling is
performed for one time are from at least eight different RS codewords. When Q=40, a
corresponding convolution and de-convolution latency is approximately 26 ns.

[00773] 5103: Separately perform second FEC encoding on the m second data streams to obtain
m encoded data streams.

[00774]  Animplementation of the second FEC encoding may be specifically shown in FIG. 15.
The second FEC encoding, namely, inner-code encoding mentioned above, is separately performed
on the m second data streams. Every K consecutive symbols in each second data stream are
mapped to information data of an inner-code codeword, and redundant data is added through the
inner-code encoding, to obtain an encoded data stream. Information data whose inner-code length
is K symbols is from at most K different RS codewords, where K= pd, and the K symbols are K
symbols output from p delay lines, of the convolution interleaver shown in FIG. 12(a) or FIG.
12(b), on which polling is performed for K/pd times. After data processing is performed on the
encoded data streams, data processed data streams are sent to a channel transmission medium for
transmission. The data processing may include channel interleaving (channel interleaving) and
modulation and mapping (mapping), to improve a capability of a system to resist a burst error.
[00775] Insome implementation scenarios, for example, Implementations 7 to 10 in step 5101,

v<d. In a specific embodiment, every K consecutive symbols in each second data stream are
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mapped to information data of an inner-code codeword, and redundant data is added through inner-
code encoding, to obtain an encoded data stream. Information data whose inner-code length is K
symbols is from at most K different RS codewords, where K> pv, and the K symbols are K
symbols output from p delay lines, of the convolution interleaver, on which polling is performed
for K/pv times.

[00776] The inner-code encoding is separately performed on 16 second data streams, eight
second data streams, or four second data streams, and an information bit length of the inner-code
encoding is 120 bits. Specifically, an inner-code encoder separately adds redundancy to a total of
120 bits in 12 consecutive symbols in the second data stream, to obtain an inner-code codeword
data stream. Embodiments shown in FIG. 74 and FIG. 75 are used as an example. The 12 symbols
are 12 consecutive symbols output from three delay lines, of the convolution interleaver, on which
polling is performed for one time. This manner may facilitate the receiver processing module
shown in FIG. 3(h) in performing convolutional de-interleaving synchronization after the receiver
processing module completes inner code synchronization. In a possible implementation, the inner-
code encoding is performed by using Hamming(128,120), and 8-bit redundancy is added to a total
of 120 bits in 12 consecutive symbols in each second data stream, to obtain a 128-bit codeword.
[00777] Based on the convolutional interleaving provided in any implementation of step 5102,
the inner-code encoding is separately performed on the m second data streams, where an
information bit length of the inner-code encoding is 136 bits. Specifically, the inner-code encoder
separately adds redundancy to 136 consecutive bits in the second data stream, to obtain an inner-
code codeword data stream. In a possible implementation, the inner-code encoding is performed
by using Hamming(144,136), and 8-bit redundancy is added to 136 consecutive bits in each second
data stream, to obtain a 144-bit codeword.

[00778] Based on the convolutional interleaving in Implementations 10 to 17 provided in step
5102, the inner-code encoding is separately performed on the m second data streams, where an
information bit length of the inner-code encoding is 136 bits. Specifically, data of 136 bits output
from p=4 or 2 delay lines, of the convolution interleaver, on which polling is performed for one
time is used as inner-code information data, and then 8-bit parity data is added, to obtain an inner-
code codeword whose length is 144 bits. In this way, the receiver processing module can
automatically complete convolution de-interleaving synchronization after completing inner code
synchronization.

[00779] FIG. 84 isaschematic diagram of an implementation of inner-code encoding according
to an embodiment of this application. As shown in FIG. 84, in a possible implementation, the inner-
code encoding is performed by using Hamming(144,136) that is obtained by shortening, by 111
bits, Hamming(255,247) generated by using a Galois field GF(2"8). Another possible
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implementation is shown in FIG. 84. To-be-encoded 136-bit data is represented as B[135:0].
Bitwise XOR is performed on every two consecutive bits of the to-be-encoded 136-bit data to
obtain 1-bit data C[i], and 68-bit data is obtained in total, and is represented as C[67:0], where
Cli]=B[2*i]"B[2*i+1], and 0 <i < 67. Then, Hamming(76,68) encoding is performed by using
C[67:0] as information data to obtain 8-bit parity data that is represented as P[7:0]. Finally, a total
of 144 bits, B[135:0] and P[7:0], are concatenated into output of the inner-code encoding, where
144-bit data is represented as O[143:0]. O[135:0] is from B[135:0], O[143:136] is from P[7:0],
and Hamming(76,68) is obtained by shortening, by 52 bits, extended Hamming(128,120), with 1-
bit CRC, generated by using a Galois field GF(2°7). Finally, PAM4 Gray mapping is performed
on every two consecutive bits in O[143:0] to obtain 72 PAM4 symbols that are represented as
S[71:0].

[00780] After data processing is performed on inner-code encoded data streams, the data
processed data streams are sent to a channel transmission medium for transmission. The data
processing may include modulation and mapping (mapping), channel interleaving (channel
interleaving), and the like. For example, channel interleaving may be performed on the inner-code
encoded data streams, so as to improve a capability of a system to resist a burst error. Embodiments
shown in FIG. 74 and FIG. 75 are used as an example. When sending device 01 sends a 1*800GE
service, concatenated code of KP4 RS(544,514)+Hamming(128,120) is under AWGN, a
corresponding pre-FEC BER for implementing a post-FEC bit error rate BER of 1E-15 is
approximately 4.8E-3, performance approximates to optimal performance of the concatenated
FEC scheme, and a latency of the interleaver is only 55 ns. Embodiments shown in FIG. 76 and
FIG. 77 are used as an example. When sending device 01 sends a 1*800GE service, concatenated
code of KP4 RS(544,514)+Hamming(128,120) is under AWGN, a corresponding pre-FEC BER
for implementing a post-FEC bit error rate BER of 1E-15 is approximately 3.8E-3, and a latency
of the interleaver is only 26 ns. Embodiments shown in FIG. 78 and FIG. 79 are used as an example.
When sending device 01 sends a 1*800GE service, concatenated code of KP4
RS(544,514)+Hamming(128,120) is under AWGN, a corresponding pre-FEC BER for
implementing a post-FEC bit error rate BER of 1E-15 is approximately 4.8E-3, performance
approximates to optimal performance of the concatenated FEC scheme, and a latency of the
interleaver is only 50 ns. Embodiments shown in FIG. 80 and FIG. 81 are used as an example.
When sending device 01 sends a 1*800GE service, concatenated code of KP4
RS(544,514)+Hamming(128,120) is under AWGN, a corresponding pre-FEC BER for
implementing a post-FEC bit error rate BER of 1E-15 is approximately 4.8E-3, performance
approximates to optimal performance of the concatenated FEC scheme, and a latency of the

interleaver is only 67 ns. The block interleaving (symbol multiplexing) in Implementation 7 or 8
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in step 5101 and the convolutional interleaving in Embodiment 5 in step 5102 are used as an
example. When sending device 01 sends a 1*800GE service, concatenated code of KP4
RS(544,514)+Hamming(128,120) is under AWGN, a corresponding pre-FEC BER for
implementing a post-FEC bit error rate BER of 1E-15 is approximately 4.8E-3, performance
approximates to optimal performance of the concatenated FEC scheme, and a latency of the
interleaver is only 52 ns. The block interleaving (symbol multiplexing) in Implementation 9 or 10
in step 5101 and the convolutional interleaving in Embodiment 6 in step 5102 are used as an
example. When sending device 01 sends a 1*800GE service, concatenated code of KP4
RS(544,514)+Hamming(128,120) is under AWGN, a corresponding pre-FEC BER for
implementing a post-FEC bit error rate BER of 1E-15 is approximately 4.8E-3, performance
approximates to optimal performance of the concatenated FEC scheme, and a latency of the
interleaver is only 52 ns.

[00781] In a possible implementation, when sending device 01 sends a 2*400GE service, a
format of data streams on 32 PCS lanes in the sending device is shown in FIG. 6, where PCS lane
data streams 0-15 and PCS lane data streams 16-32 respectively belong to two different 400GE
services. A PMA unit of the transmitter processing module restores 32 PCS lane data streams by
performing de-mux on the lane attachment unit interface AUI. Then, alignment marker lock
(alignment lock) on the lane data streams is performed by using known alignment markers
(Alignment markers) of PCS lanes. Then, lane reordering (lane reorder) is performed on the n=32
PCS lane data streams based on the alignment markers, so that data of n=32 PCS lanes can be
arranged in a specified sequence. In a specific arrangement manner, lane data stream 0 to lane data
stream 15 belong to a same 400GE service, and lane data stream 16 to lane data stream 31 belong
to another 400GE service. Sorted 32 lane data streams are sent to the block interleaving provided
in Implementation 1, Implementation 2, and Implementation 3 in step 5101 and the convolutional
interleaving in step 5102, and then Hamming(128,120) is used for inner-code encoding. In another
specific arrangement manner, lane data stream O to lane data stream 7 and lane data stream 16 to
lane data stream 23 belong to a same 400GE service, and lane data stream 8 to lane data stream 15
and lane data stream 24 to lane data stream 31 belong to another 400GE service. Sorted 32 lane
data streams are sent to the block interleaving provided in Implementation 4, Implementation 5,
and Implementation 6 in step 5101 and the convolutional interleaving in step 5102, and then
Hamming(128,120) is used for inner-code encoding.

[00782] In this scenario, embodiments shown in FIG. 74 and FIG. 75 are used as an example,
12 symbols of each inner code are from six different RS codewords, a corresponding pre-FEC
BER for implementing a post-FEC bit error rate BER of 1E-15 is approximately 3.5E-3, and a
latency of the interleaver is still maintained as only 50 ns. Embodiments shown in FIG. 78 and
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FIG. 79 are used as an example, 12 symbols of each inner code are from six different RS codewords,
a corresponding pre-FEC BER for implementing a post-FEC bit error rate BER of 1E-15 is
approximately 3.5E-3, and a latency of the interleaver is still maintained as only 50 ns.
Embodiments shown in FIG. 80 and FIG. 81 are used as an example. 12 symbols of each inner
code are from six different RS codewords, a corresponding pre-FEC BER for implementing a post-
FEC bit error rate BER of 1E-15 is approximately 3.4E-3, and a latency of the interleaver is still
maintained as only 50 ns. Alternatively, the block interleaving and the convolutional interleaving
in this embodiment are used, and a parameter in the convolutional interleaving is setas Q = 6, so
that the 12 symbol information data of each inner code can be from 12 different RS codewords, a
corresponding pre-FEC BER for implementing a post-FEC bit error rate BER of 1E-15 is
approximately 4.8E-3, and a latency of the interleaver is increased to 135 ns.

[00783] Inanother possible implementation, when sending device 01 sends a 4*200GE service,
a format of data streams on 32 PCS lanes in the sending device is shown in FIG. 7, where PCS
lane data streams 07, PCS lane data streams 8-15, PCS lane data streams 16-23, and PCS lane
data streams 24-31 respectively belong to four different 200GE services. A PMA unit of the
transmitter processing module restores 32 PCS lane data streams by performing de-mux on data
received through the lane attachment unit interface AUI. Then, alignment marker lock (alignment
lock) on the lane data streams is performed by using known alignment markers (Alignment
markers) of PCS lanes. Then, lane reordering (lane reorder) is performed on the n=32 PCS lane
data streams based on the alignment markers, so that data of n=32 PCS lanes can be arranged in a
specified sequence. In a specific arrangement manner, lane data streams 0-7, lane data streams 8-
15, lane data streams 16-23, and lane data streams 24-32 respectively belong to four different
200GE services. Sorted 32 lane data streams are sent to the block interleaving provided in
Implementation 1, Implementation 2, and Implementation 3 in step 5101 and the convolutional
interleaving in step 5102, and then Hamming(128,120) is used for inner-code encoding. Another
specific arrangement manner is as follows: Lane data streams 0-3 and lane data streams 16-19,
lane data streams 4-7 and lane data streams 20-23, lane data streams 8-11 and lane data streams
24-28, and lane data streams 12-15 and lane data streams 28-31 respectively belong to four
different 200GE services. Sorted 32 lane data streams are sent to the block interleaving provided
in Implementation 3, Implementation 4, and Implementation 5 in step 5101 and the convolutional
interleaving in step 5102, and then Hamming(128,120) is used for inner-code encoding.

[00784] In this scenario, embodiments shown in FIG. 74 and FIG. 75 are used as an example,
12 symbols of each inner code are from four different RS codewords, a corresponding pre-FEC
BER for implementing a post-FEC bit error rate BER of 1E-15 is approximately 2.8E-3, and a

latency of the interleaver is still maintained as only 50 ns. Embodiments shown in FIG. 78 and
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FIG. 79 are used as an example, 12 symbols of each inner code are from four different RS
codewords, a corresponding pre-FEC BER for implementing a post-FEC bit error rate BER of 1E-
15 is approximately 2.8E-3, and a latency of the interleaver is still maintained as only 50 ns.
Embodiments shown in FIG. 80 and FIG. 81 are used as an example, 12 symbols of each inner
code are from four different RS codewords, a corresponding pre-FEC BER for implementing a
post-FEC bit error rate BER of 1E-15 is approximately 2.8E-3, and a latency of the interleaver is
still maintained as only 50 ns. Alternatively, block interleaving and convolutional interleaving in
this embodiment are used, and a parameter in the convolutional interleaving is set as Q = 6, so
that the 12 symbol information data of each inner code can be from six RS codewords, a
corresponding pre-FEC BER for implementing a post-FEC bit error rate BER of 1E-15 is
approximately 3.4E-3, and a latency of the interleaver is increased to 135 ns. Alternatively, block
interleaving and convolutional interleaving in this embodiment are used, and a parameter in the
convolutional interleaving is setas Q > 12, so that the 12 symbol information data of each inner
code can be from 12 RS codewords, a corresponding pre-FEC BER for implementing a post-FEC
bit error rate BER of 1E-15 is approximately 4.8E-3, and a latency of the interleaver is increased
to 270 ns.

[00785] In the present invention, for a concatenated FEC transmission solution, a data
interleaving and encoding method including block interleaving and convolutional interleaving is
designed, so that an overall concatenated FEC solution has good performance and an extremely
low latency. Therefore, the concatenated FEC transmission solution can be applied to a plurality
of transmission scenarios, and is particularly applicable to a transmission scenario that requires a
low transmission latency, for example, a low-latency data center interconnection scenario.
Compared with that in a conventional technology, the overall concatenated FEC solution can
provide a shorter latency when processing a 1*800GE service with a same error correction
capability, and can use the same interleaving solution for a 2*400GE or 4*200GE service to obtain
sub-optimal error correction performance and a better latency. Therefore, this solution can be well
applicable to a latency-sensitive scenario, such as an internal interconnection network of a data
center.

[00786] The following describes a data processing apparatus provided in an embodiment of this
application.

[00787] FIG. 85 is a schematic diagram of a structure of a data processing apparatus according
to an embodiment of this application. As shown in FIG. 85, the data processing apparatus includes
a block interleaver 501 and a convolution interleaver 502. The block interleaver 501 is configured
to perform the operations in step 5101. The convolution interleaver 502 is configured to perform

the operations in step 5102. For details, refer to related descriptions of the block interleaving
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operation and the convolutional interleaving operation in the foregoing data processing method.
Details are not described herein again.

[00788] Itshould be understood that the apparatus provided in this application may alternatively
be implemented in another manner. For example, the unit division in the foregoing apparatus is
merely logical function division and may be other division in actual implementation. For example,
a plurality of units or components may be combined or integrated into another system. In addition,
functional units in embodiments of this application may be integrated into one processing unit, or
may be independent physical units, or two or more functional units are integrated into one
processing unit. The integrated unit may be implemented in a form of hardware, or may be
implemented in a form of a software functional unit.

[00789] It should be noted that, in addition to the data processing method described in the
foregoing embodiments, this application further provides another data processing method. A
specific processing procedure of the data processing method may be shown in FIG. 3(i). In some
specific implementation scenarios, when sending device 01 sends a 1*800GE service, for 32 PCS
lane data streams, when 32/n PCS lane data streams are multiplexed into one data stream PMA
lane data stream through PMA(32:n) processing, among the 32/n multiplexed PCS lane data
streams, half of the PCS lane data streams are from PCS lane data streams 0-15, and the other half
of the PCS lane data streams are from PCS lane data streams 16-32. Therefore, data of each PAM
lane data stream is obtained by interleaving four RS codewords. A physical medium attachment
(Physical Medium Attachment, PMA) sublayer of a transmitter processing module processes data
from an AUI-n interface to obtain n lane data streams. The PMA sublayer herein only needs to
perform signal recovery operations such as clock data recovery (clock data recovery, CDR) and
PAM4 symbol demodulation on data from each physical lane of the AUI-n interface to obtain one
lane data stream, and does not need to perform other complex operations such as AM locking, lane
deskewing, and lane reordering. Then, convolutional interleaving (convolutional interleaving) is
performed on each first data stream to obtain n first data streams, and finally inner-code encoding
is performed on the n first data streams to obtain n second data streams.

[00790] FIG. 86 is another schematic flowchart of a data processing method according to an
embodiment of this application.

[00791] 8601: Separately perform convolutional interleaving on n lane data streams to obtain n
first data streams.

[00792] Specifically, the n lane data streams are separately delayed based on p delay lines to
obtain the n first data streams. First FEC encoding is performed on each lane data stream, in other
words, outer-code encoding is performed on each lane data stream. It should be understood that a

convolutional interleaving manner used in this embodiment is similar to the convolutional
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interleaving manner used in the embodiment shown in FIG. 51. For details, refer to related
descriptions of the embodiment shown in FIG. 51.

[00793] In an example, when n=8, a corresponding convolution interleaver may use
Implementation 6 provided in step 5102. An inner-code encoding scheme uses data of 120 bits
output from p=3 delay lines, of the convolution interleaver, on which polling is performed for one
time as inner-code information data, and 8-bit parity data is added, to obtain an inner-code
codeword whose length is 128 bits. Alternatively, a corresponding convolution interleaver may
use Implementation 8 provided in step 5102. An inner-code encoding scheme uses data of 160 bits
output from p=4 delay lines, of the convolution interleaver, on which polling is performed for one
time as inner-code information data, and 10-bit parity data is added, to obtain an inner-code
codeword whose length is 170 bits, or 16-bit parity data is added, to obtain an inner-code codeword
whose length is 176 bits. Alternatively, a corresponding convolution interleaver may use
Implementations 14 and 15 provided in step 5102. An inner-code encoding scheme uses data of
136 bits output from p=2 or 4 delay lines, of the convolution interleaver, on which polling is
performed for one time as inner-code information data, and 8-bit parity data is added, to obtain a
codeword whose code length is 144 bits.

[00794] In another example, when n=4, a corresponding convolution interleaver may use
Implementation 7 provided in step 5102. An inner-code encoding scheme uses data of 120 bits
output from p=3 delay lines, of the convolution interleaver, on which polling is performed for one
time as inner-code information data, and 8-bit parity data is added, to obtain an inner-code
codeword whose length is 128 bits. Alternatively, a corresponding convolution interleaver may
use Implementation 9 provided in step 5102. An inner-code encoding scheme uses data of 160 bits
output from p=4 delay lines, of the convolution interleaver, on which polling is performed for one
time as inner-code information data, and 10-bit parity data is added, to obtain an inner-code
codeword whose length is 170 bits, or 16-bit parity data is added, to obtain an inner-code codeword
whose length is 176 bits. Alternatively, a corresponding convolution interleaver may use
Implementations 16 and 17 provided in step 5102. An inner-code encoding scheme uses data of
136 bits output from p=2 or 4 delay lines, of the convolution interleaver, on which polling is
performed for one time as inner-code information data, and 8-bit parity data is added, to obtain a
codeword whose code length is 144 bits.

[00795] 8602: Separately perform second FEC encoding on the n first data streams to obtain n
second data streams.

[00796] It should be understood that the second FEC encoding in this embodiment is the inner-
code encoding described above. A length of information data of the inner-code codeword may be
equal to p*U by using both the convolutional interleaving and the inner-code encoding scheme,
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where p is a quantity of delay lines in the convolution interleaver, and U is a quantity of bits stored
in each storage unit in the convolution interleaver. In this way, the information data of the inner-
code codeword is aligned with p*U bits output from the p delay lines, of the convolution
interleaver, on which polling is performed for one time. Therefore, when no synchronization
header sequence is additionally added to encoded data streams, a receiver module may
automatically complete convolution de-interleaving synchronization after completing inner code
self-synchronization by using the inner-code codeword, thereby resolving a problem of
convolution interleaver synchronization.

[00797] This application further provides a data processing apparatus corresponding to the
embodiment shown in FIG. 86.

[00798] FIG. 87 is a schematic diagram of another structure of a data processing apparatus
according to an embodiment of this application. As shown in FIG. 87, the data processing
apparatus includes a convolution interleaver 601 and an encoder 602. The convolution interleaver
601 is configured to perform the operations in step 8601. The encoder 602 is configured to perform
the operations in step 8602. For details, refer to related descriptions of the block interleaving
operation and the convolutional interleaving operation in the foregoing data processing method.
Details are not described herein again.

[00799] Itshould be understood that the apparatus provided in this application may alternatively
be implemented in another manner. For example, the unit division in the foregoing apparatus is
merely logical function division and may be other division in actual implementation. For example,
a plurality of units or components may be combined or integrated into another system. In addition,
functional units in embodiments of this application may be integrated into one processing unit, or
may be independent physical units, or two or more functional units are integrated into one
processing unit. The integrated unit may be implemented in a form of hardware, or may be
implemented in a form of a software functional unit.

[00800] FIG. 88 is a schematic diagram of another structure of a data processing apparatus
according to an embodiment of this application. As shown in FIG. 88, the data processing
apparatus includes a processor 201, a memory 202, and a transceiver 203. The processor 201, the
memory 202, and the transceiver 203 are interconnected through lines. The memory 202 is
configured to store program instructions and data. Specifically, the transceiver 203 is configured
to receive n lane data streams. The processor 201 is configured to perform the operations in the
data processing method. In a possible implementation, the processor 201 may include the
convolution interleaver 101 and the multiplexer 201 shown in FIG. 33. In another possible
implementation, the processor 201 may include the interleaving module 301 and the encoder 302
shown in FIG. 50(a). In still another possible implementation, the processor 201 may include the
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interleaving module 401 and the encoder 402 shown in FIG. 50(b). In still another possible
implementation, the processor 201 may include the block interleaver 501 and the convolution
interleaver 502 shown in FIG. 85. In still another possible implementation, the processor 201 may
include the convolution interleaver 601 and the encoder 602 shown in FIG. 87.

[00801] It should be noted that, the processor shown in FIG. 88 may use a general-purpose
central processing unit (Central Processing Unit, CPU), a general-purpose processor, a digital
signal processor (DSP), an application-specific integrated circuit (ASIC), a field programmable
gate array (FPGA) or another programmable logic device, a transistor logic device, a hardware
component, or any combination thereof. The memory shown in FIG. 88 may store an operating
system and another application program. When the technical solutions provided in embodiments
of this application are implemented by using software or firmware, program code used for
implementing the technical solutions provided in embodiments of this application is stored in the
memory and is executed by the processor. In an embodiment, the processor may include the
memory inside. In another embodiment, the processor and the memory are two independent
structures.

[00802] It may be clearly understood by a person skilled in the art that, for the purpose of
convenient and brief description, for a detailed working process of the foregoing system,
apparatuses, and units, refer to a corresponding process in the foregoing method embodiments,
and details are not described herein again.

[00803] A person of ordinary skill in the art may understand that all or some of the steps of the
foregoing embodiments may be implemented by hardware or a program instructing related
hardware. The program may be stored in a computer-readable storage medium. The storage
medium mentioned above may be a read-only memory, a random access memory, or the like.
Whether the functions are performed by hardware or software depends on particular applications
and design constraint conditions of the technical solutions. A person skilled in the art may use
different methods to implement the described functions for each particular application, but it
should not be considered that the implementation goes beyond the scope of this application.
[00804] When software is used to implement the functions, all or some of the method steps
described in the foregoing embodiments may be implemented in a form of a computer program
product. The computer program product includes one or more computer instructions. When the
computer program instructions are loaded and executed on a computer, the procedure or functions
according to embodiments of this application are all or partially generated. The computer may be
a general-purpose computer, a dedicated computer, a computer network, or other programmable
apparatuses. The computer instructions may be stored in a computer-readable storage medium or
may be transmitted from a computer-readable storage medium to another computer-readable
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storage medium. For example, the computer instructions may be transmitted from a website,
computer, server, or data center to another website, computer, server, or data center in a wired (for
example, a coaxial cable, an optical fiber, or a digital subscriber line (DSL)) or wireless (for
example, infrared, radio, or microwave) manner. The computer-readable storage medium may be
any usable medium accessible by the computer, or a data storage device, for example, a server or
a data center, integrating one or more usable media. The usable medium may be a magnetic
medium (for example, a floppy disk, a hard disk, or a magnetic tape), an optical medium (for
example, DVD), a semiconductor medium (for example, a solid-state drive Solid-State Drive
(SSD)), or the like.
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What is claimed is:

1. A data processing method, comprising:

separately performing convolutional interleaving on n lane data streams to obtain n first data
streams, wherein n is an integer greater than 1, first forward error correction FEC encoding is
performed on all the n lane data streams, every a codewords obtained through the first FEC
encoding are distributed in b lane data streams, a<b=<n, n can be exactly divided by b, a is an integer
greater than or equal to 1, z consecutive symbols in each of the first data streams are from z
different codewords, and z is an integer greater than 1; and

multiplexing every K first data streams of the n first data streams to obtain one second data
stream, SO as to obtain a total of m second data streams, wherein the n first data streams comprise
G first data stream subsets, symbols in different first data stream subsets are from different
codewords, m=n/K, K is an integer greater than 1, G is an integer greater than 1, y consecutive
symbols in each second data stream are from y different codewords, and y>z, wherein

if K<G, the K first data streams are respectively from K first data stream subsets; Or

if K>G, the K first data streams comprise K/G first data streams that are in each first data
stream subset.

2. The method according to claim 1, wherein performing convolutional interleaving on one
lane data stream to obtain one first data stream comprises:

delaying one lane data stream based on p delay lines to obtain one first data stream, wherein
p is an integer greater than 1, a quantity of storage units comprised in each delay line is different,
a delay line with a smallest quantity of storage units comprises O storage units, a difference
between quantities of storage units of every two adjacent delay lines is Q, each storage unit is
configured to store d symbols, z=p*d, symbols in each lane data stream are sequentially input to
the p delay lines based on sequence numbers of the p delay lines, d symbols are input to each delay
line for a single time and d symbols are output from the delay line for a single time, p*d consecutive
symbols in the first data stream comprise the d symbols output from the delay line, Q is an integer
greater than or equal to 1, and d is an integer greater than or equal to 1.

3. The method according to claim 2, wherein a delay line with a largest sequence number in
the p delay lines comprises 0 storage units, d(p * Q + 1) > a * N/b, d<a, and N is a length of the
codeword.

4. The method according to claim 2, wherein a delay line with a smallest sequence number in
the p delay lines comprises 0 storage units, d(p * Q — 1) = a * N/b, d<a, and N is a length of the

codeword.
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5. The method according to any one of claims 1 to 4, wherein if K<G, y=K*z; or if K>G,
y=G*z.

6. The method according to any one of claims 1 to 5, wherein each second data stream
comprises a plurality of second data stream symbol subsets, each second data stream symbol subset
comprises K groups of symbols, each group of symbols comprises A symbols, and two adjacent
groups of symbols in each second data stream symbol subset are from different first data stream
subsets; and

if K<G, A isadivisor of z; or if K>G, A= z.

7. The method according to claim 6, wherein a j" group of symbols in each of the second data
stream symbol subsets is from a j™ first data stream of the K first data streams participating in the
multiplexing, and 0<<K-1.

8. The method according to claim 6 or 7, wherein if K>G, two adjacent first data streams of
the K first data streams participating in the multiplexing are from different first data stream subsets.

9. The method according to any one of claims 6 to 8, wherein if K>G, every G consecutive
first data streams participating in the multiplexing are from different first data stream subsets.

10. The method according to any one of claims 1 to 9, wherein n=32, and K=2, 4, or 8.

11. The method according to any one of claims 1 to 10, wherein n=32, p=2, 3, 4, 6, or 8, and
d=1or2.

12. The method according to any one of claims 1 to 11, wherein a=1 or 2, and b=4, 8, or 16.

13. The method according to any one of claims 1 to 12, wherein before the separately
performing convolutional interleaving on n lane data streams to obtain n first data streams, the
method further comprises:

performing lane reordering on the n lane data streams, so that the n lane data streams are
arranged in a preset sequence.

14. The method according to any one of claims 1 to 13, wherein before the separately
performing convolutional interleaving on n lane data streams to obtain n first data streams, the
method further comprises:

performing lane deskewing on the n lane data streams.

15. The method according to any one of claims 1 to 13, wherein before the separately
performing convolutional interleaving on n lane data streams to obtain n first data streams, the
method further comprises:

aligning the n lane data streams, so that symbols in the n lane data streams are aligned.

16. The method according to any one of claims 1 to 15, wherein after the total of m second
data streams are obtained, the method further comprises:

separately performing second FEC encoding on the m second data streams, wherein a length
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of an information bit of the second FEC encoding is less than or equal to y symbols.

17. A data processing apparatus, comprising a convolution interleaver and a multiplexer,
wherein

the convolution interleaver is configured to: separately perform convolutional interleaving on
n lane data streams to obtain n first data streams, wherein n is an integer greater than 1, first forward
error correction FEC encoding is performed on all the n lane data streams, every a codewords
obtained through the first FEC encoding are distributed in b lane data streams, a<b<n, n can be
exactly divided by b, a is an integer greater than or equal to 1, z consecutive symbols in each of
the first data streams are from z different codewords, and z is an integer greater than 1; and

the multiplexer is configured to: multiplex every K first data streams of the n first data streams
to obtain one second data stream, so as to obtain a total of m second data streams, wherein the n
first data streams comprise G first data stream subsets, symbols in different first data stream
subsets are from different codewords, m=n/K, K is an integer greater than 1, G is an integer greater
than 1, y consecutive symbols in each second data stream are from y different codewords, and y>z,
wherein

if K<G, the K first data streams are respectively from K first data stream subsets; or

if K>G, the K first data streams comprise K/G first data streams that are in each first data
stream subset.

18. The data processing apparatus according to claim 17, wherein the convolution interleaver
is specifically configured to:

delay one lane data stream based on p delay lines to obtain one first data stream, wherein p is
an integer greater than 1, a quantity of storage units comprised in each delay line is different, a
delay line with a smallest quantity of storage units comprises O storage units, a difference between
quantities of storage units of every two adjacent delay lines is Q, each storage unit is configured
to store d symbols, z=p*d, symbols in each lane data stream are sequentially input to the p delay
lines based on sequence numbers of the p delay lines, d symbols are input to each delay line for a
single time and d symbols are output from the delay line for a single time, p*d consecutive symbols
in the first data stream comprise the d symbols output from the delay line, Q is an integer greater
than or equal to 1, and d is an integer greater than or equal to 1.

19. The data processing apparatus according to claim 18, wherein a delay line with a largest
sequence number in the p delay lines comprises 0 storage units, d(p * Q + 1) > a * N/b, d<a, and
N is a length of the codeword.

20. The data processing apparatus according to claim 18, wherein a delay line with a smallest
sequence number in the p delay lines comprises 0 storage units, d(p * Q — 1) > a * N/b, d<a, and

N is a length of the codeword.
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21. The data processing apparatus according to any one of claims 17 to 20, wherein if K<G,
y=K*z; or if K>G, y=G*z.

22. The data processing apparatus according to any one of claims 17 to 21, wherein each
second data stream comprises a plurality of second data stream symbol subsets, each second data
stream symbol subset comprises K groups of symbols, each group of symbols comprises A
symbols, and two adjacent groups of symbols in each second data stream symbol subset are from
different first data stream subsets; and

if K<G, A isadivisor of z; or if K>G, A= z.

23. The data processing apparatus according to claim 22, wherein a j™ group of symbols in
each of the second data stream symbol subsets is from a ji" first data stream of the K first data
streams participating in the multiplexing, and 0<j<K-1.

24. The data processing apparatus according to claim 22 or 23, wherein if K>G, two adjacent
first data streams of the K first data streams participating in the multiplexing are from different
first data stream subsets.

25. The data processing apparatus according to any one of claims 22 to 24, wherein if K>G,
every G consecutive first data streams participating in the multiplexing are from different first data
stream subsets.

26. The data processing apparatus according to any one of claims 17 to 25, wherein n=32,
and K=2, 4, or 8.

27. The data processing apparatus according to any one of claims 17 to 26, wherein n=32,
p=2, 3,4, 6, or 8, and d=1 or 2.

28. The data processing apparatus according to any one of claims 17 to 27, wherein a=1 or 2,
and b=4, 8, or 16.

29. The data processing apparatus according to any one of claims 17 to 28, wherein the data
processing apparatus further comprises a lane reordering unit, and before the convolutional
interleaving are separately performed on the n lane data streams to obtain the n first data streams,
the lane reordering unit is configured to:

perform lane reordering on the n lane data streams, so that the n lane data streams are arranged
in a preset sequence.

30. The data processing apparatus according to any one of claims 17 to 29, wherein the data
processing apparatus further comprises a lane data alignment unit, and before the convolutional
interleaving are separately performed on the n lane data streams to obtain the n first data streams,
the lane data alignment unit is configured to:

perform lane deskewing on the n lane data streams.

31. The data processing apparatus according to any one of claims 17 to 29, wherein the data
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processing apparatus further comprises a lane data alignment unit, and before the convolutional
interleaving are separately performed on the n lane data streams to obtain the n first data streams,
the lane data alignment unit is configured to:

align the n lane data streams, so that symbols in the n lane data streams are aligned.

32. The data processing apparatus according to any one of claims 17 to 31, wherein the data
processing apparatus further comprises an encoder, and after the total of m second data streams
are obtained, the encoder is configured to:

separately perform second FEC encoding on the m second data streams, wherein a length of
an information bit of the second FEC encoding is less than or equal to y symbols.

33. A data processing method, comprising:

performing interleaving on n lane data streams to obtain m target data streams, wherein n is
a multiple of 4, first forward error correction FEC encoding is performed on all the n lane data
streams, every a codewords obtained through the first FEC encoding are distributed in b lane data
streams, a<b<n, n can be exactly divided by b, F consecutive symbols in each target data stream
are from F different codewords, F>a, F consecutive symbols in each of the target data streams are
from at least K1 different lane data streams, F consecutive symbols in each of the target data
streams are from at most K2 symbols in n aligned symbols of the n lane data streams, K1 and K2
are divisors of n, K2 is a divisor of K1, at most K3 symbols in the F consecutive symbols in each
target data stream are from a same lane data stream, K3=[F/K1], [F/K1] represents an integer
obtained by rounding up a quotient of F/K1, any two of the K3 symbols are separated by at least
K4 symbols on a same lane data stream, K4>a*N*K2/n, and N is a length of the codeword.

34. The method according to claim 33, wherein K1=n/4, and K2=n/16.

35. The method according to claim 33 or 34, wherein the performing interleaving on n lane
data streams to obtain m target data streams comprises:

separately performing convolutional interleaving on the n lane data streams to obtain n first
data streams, wherein z consecutive symbols in each of the first data streams are from at least e
different codewords, z is an integer greater than 1, a<e<F, e*K2>F, and at most K1/K2 symbols in
the z consecutive symbols in each of the first data streams are from a same codeword; and

performing block interleaving on every K1 first data streams of the n first data streams to
obtain S target data streams, so as to obtain a total of the m target data streams, wherein S is an
integer greater than or equal to 1, m=S*n/K1, S>K1/K2, the n first data streams comprise K1 first
data stream groups, symbols of every two first data streams in a same first data stream group are
from same codewords, and the K1 first data streams are respectively from the K1 first data stream
groups.

36. The method according to claim 35, wherein performing convolutional interleaving on one
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lane data stream to obtain one first data stream comprises:

delaying one lane data stream based on p delay lines to obtain one first data stream, wherein
p is an integer greater than 1, p*a>F/K2, a quantity of storage units comprised in each delay line
is different, a delay line with a smallest quantity of storage units comprises O storage units, a
difference between quantities of storage units of every two adjacent delay lines is Q, each storage
unit is configured to store d symbols, z=p*d, symbols in each lane data stream are sequentially
input to the p delay lines based on sequence numbers of the p delay lines, d symbols are input to
each delay line for a single time and d symbols are output from the delay line for a single time,
p*d consecutive symbols in the first data stream comprise the d symbols output from the delay
line, Q is an integer greater than or equal to 1, d is an integer greater than or equal to 1, and d<a.

37. The method according to claim 36, wherein a delay line with a largest sequence number
in the p delay lines comprises 0 storage units, and d(p * Q + 1) > K4.

38. The method according to claim 36, wherein a delay line with a smallest sequence number
in the p delay lines comprises 0 storage units, and d(p * Q — 1) > K4.

39. The method according to any one of claims 36 to 38, wherein K first data streams
participating in the block interleaving comprise a first symbol matrix, the first symbol matrix
comprises K rows and B columns of symbols, B=R*p*d, R is an integer greater than or equal to 1,
the S target data streams obtained through the block interleaving comprises a second symbol
matrix, the second symbol matrix comprises S rows and F columns of symbols, and K*B=S*F;
and

symbols in the first symbol matrix are from at least F different codewords, and at most
R*K1/K2 symbols in the first symbol matrix are from a same codeword.

40. The method according to claim 39, wherein F symbols in each row of the second symbol
matrix are from at least [F/K2] columns in the first symbol matrix, at most K2 symbols are
selected in each of the [F/K2] columns, and [F/K2] represents an integer obtained by rounding
up a quotient of F/K2; and

the F symbols in each row of the second symbol matrix comprise at least |F/K1] symbols
in each row of the first symbol matrix, |F/K1]| represents an integer obtained by rounding down
a quotient of F/K1, the F symbols in each row of the second symbol matrix comprise at most
[F/K1] symbols in each row of the first symbol matrix, and [F/K1] represents an integer
obtained by rounding up a quotient of F/K.

41. The method according to claim 39 or 40, wherein symbols, from odd-numbered columns
of the first symbol matrix, in each row of the second symbol matrix are located in different rows
of the first symbol matrix, and symbols, from even-numbered columns of the first symbol matrix,

in each row of the second symbol matrix are located in different rows of the first symbol matrix.
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42. The method according to any one of claims 39 to 41, wherein symbols that are output
from delay lines with a same delay value and that are in each row of the second symbol matrix are
from different rows of the first symbol matrix.

43. The method according to any one of claims 39 to 42, wherein at most K3 symbols in each
row of the second symbol matrix are from a same row of the first symbol matrix, and any two of
the K3 symbols are respectively output from two delay lines whose delay difference is greater than
or equal to 2*Q*d.

44. The method according to claim 33 or 34, wherein the performing interleaving on n lane
data streams to obtain m target data streams comprises:

performing first block interleaving on the n lane data streams to obtain T first data streams,
wherein C consecutive symbols in each of the first data streams are from at least E different
codewords, T=n/K1, C is a multiple of a, and E>K2*a;

performing convolutional interleaving on the T first data streams to obtain T second data
streams, wherein H consecutive symbols in each of the second data streams are from at least F
different codewords, F>E, and at most K1/K2 symbols in the H consecutive symbols in each of
the second data streams are from a same codeword; and

performing second block interleaving on each of the T second data streams to obtain S target
data streams, so as to obtain a total of the m target data streams, wherein m=T*S, and S>k1/K2.

45. The method according to claim 44, wherein the n lane data streams participating in the
first block interleaving comprise a third symbol matrix, the third symbol matrix comprises n rows
and A columns of symbols, A is a multiple of a, the T first data streams obtained through the first
block interleaving comprise a fourth symbol matrix, the fourth symbol matrix comprises T rows
and C columns of symbols, T is a divisor of n, and n*A=T*C; and

every T consecutive symbols in one column of the third symbol matrix are a symbol
submatrix, and T symbols in each column of the fourth symbol matrix are in one-to-one
correspondence with each symbol submatrix in the third symbol matrix.

46. The method according to claim 45, wherein symbol submatrices in the third symbol
matrix are arranged in a first sequence, a 1% row to an n row of each column in the third symbol
matrix comprise a 1% symbol submatrix to an (n/T)" symbol submatrix that are arranged in the
first sequence, an (n/T)" symbol submatrix in a former column and a 1 symbol submatrix in a
latter column of two adjacent columns of the third symbol matrix are two consecutive symbol
submatrices arranged in the first sequence, T symbols in a 1% column of the fourth symbol matrix
are from a 1% symbol submatrix that is arranged in the first sequence and that is in the third symbol
matrix, and the rest can be deduced by analogy until T symbols in a C*" column in the fourth

symbol matrix are from a last symbol submatrix that is arranged in the first sequence and that is in
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the third symbol matrix; or

symbol submatrices in the third symbol matrix are arranged in a second sequence, a 1%
column to an A" column of every T rows in the third symbol matrix comprise a 1% symbol
submatrix to an A" symbol submatrix that are arranged in the second sequence, an A" symbol
submatrix in former T rows and a 1%t symbol submatrix in latter T rows of two consecutive T rows
of the third symbol matrix are two consecutive symbol submatrices arranged in the second
sequence, T symbols in a 1% column of the fourth symbol matrix are from a 1% symbol submatrix
that is arranged in the second sequence and that is in the third symbol matrix, and the rest can be
deduced by analogy until T symbols in a C'" column in the fourth symbol matrix are from a last
symbol submatrix that is arranged in the second sequence and that is in the third symbol matrix.

47. The method according to any one of claims 44 to 46, wherein performing convolutional
interleaving on one first data stream to obtain one second data stream comprises:

delaying one first data stream based on p delay lines to obtain one second data stream, wherein
p is an integer greater than 1, p*E>F, a quantity of storage units comprised in each delay line is
different, a delay line with a smallest quantity of storage units comprises 0 storage units, a
difference between quantities of storage units of every two adjacent delay lines is Q, each storage
unit is configured to store C symbols, p*C=H, symbols in each first data stream are sequentially
input to the p delay lines based on sequence numbers of the p delay lines, C symbols are input to
each delay line for a single time and C symbols are output from the delay line for a single time,
p*C consecutive symbols in the second data stream comprise the C symbols output from the delay
line, and Q is an integer greater than or equal to 1.

48. The method according to claim 47, wherein a delay line with a largest sequence number
in the p delay lines comprises 0 storage units, and C(p * Q + 1) = K1 = K4.

49. The method according to claim 47, wherein a delay line with a smallest sequence number
in the p delay lines comprises 0 storage units, and C(p * Q — 1) = K1 * K4.

50. The method according to any one of claims 47 to 49, wherein each second data stream
comprises R symbol sets, each symbol set comprises p symbol subsets, each symbol subset
comprises C symbols, the p symbol subsets are respectively output from the p delay lines, symbols
in each symbol set are from at least F different codewords, each target data stream comprises F
symbols, R*p*C=S*F, and R is an integer greater than or equal to 1; and

the F symbols in the target data stream are from at least [F/K2 * a)] different symbol subsets,
each of the [F/(K2 % a)] different symbol subsets has at most K2 *a symbols, and [F/(K2 *
a)] represents an integer obtained by rounding up a quotient of F/(K2 * a).

51. The method according to claim 50, wherein the F symbols in the target data stream

comprise a first group of symbols from a first symbol subset and a second group of symbols from
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a second symbol subset, the first symbol subset and the second symbol subset belong to a same
symbol set, the first symbol subset and the second symbol subset are respectively output from two
adjacent delay lines, symbols in the first symbol subset and symbols in the second symbol subset
are separately sequentially arranged, and a ranking of the first group of symbols in the first symbol
subset is different from a ranking of the second group of symbols in the second symbol subset; or

the F symbols in the target data stream comprise a third group of symbols from a third symbol
subset and a fourth group of symbols from a fourth symbol subset, the third symbol subset and the
fourth symbol subset belong to different symbol sets, the third symbol subset and the fourth symbol
subset are output from a same delay line, symbols in the third symbol subset and symbols in the
fourth symbol subset are separately sequentially arranged, and a ranking of the third group of
symbols in the third symbol subset is different from a ranking of the fourth group of symbols in
the fourth symbol subset.

52. The method according to claim 50 or 51, wherein at most [F/R] symbols in the F
symbols in each target data stream are from a same symbol set, and [F/R] represents an integer
obtained by rounding up a quotient of F/R.

53. The method according to any one of claims 33 to 52, wherein after the total of the m target
data streams are obtained, the method further comprises:

separately performing second FEC encoding on the m target data streams, wherein a length
of an information bit of the second FEC encoding is equal to F symbols.

54. A data processing apparatus, comprising an interleaving module, wherein

the interleaving module is configured to perform interleaving on n lane data streams to obtain
m target data streams, wherein n is a multiple of 4, first forward error correction FEC encoding is
performed on all the n lane data streams, every a codewords obtained through the first FEC
encoding are distributed in b lane data streams, a<b<n, n can be exactly divided by b, F consecutive
symbols in each target data stream are from F different codewords, F>a, F consecutive symbols in
each of the target data streams are from at least K1 different lane data streams, F consecutive
symbols in each of the target data streams are from at most K2 symbols in n aligned symbols of
the n lane data streams, K1 and K2 are divisors of n, K2 is a divisor of K1, at most K3 symbols in
the F consecutive symbols in each target data stream are from a same lane data stream, K3=[F /K1],
[F/K1] represents an integer obtained by rounding up a quotient of F/K1, any two of the K3
symbols are separated by at least K4 symbols on a same lane data stream, K4>a*N*K2/n, and N
is a length of the codeword.

55. The data processing apparatus according to claim 54, wherein K1=n/4, and K2=n/16.

56. The data processing apparatus according to claim 54 or 55, wherein the interleaving

module comprises a convolution interleaver and a block interleaver;
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the convolution interleaver is configured to separately perform convolutional interleaving on
the n lane data streams to obtain n first data streams, wherein z consecutive symbols in each of the
first data streams are from at least e different codewords, z is an integer greater than 1, a<e<F,
e*k2>F, and at most k1/k2 symbols in the z consecutive symbols in each of the first data streams
are from a same codeword; and

the block interleaver is configured to perform block interleaving on every K1 first data
streams of the n first data streams to obtain S target data streams, so as to obtain a total of the m
target data streams, wherein S is an integer greater than or equal to 1, m=S*n/K1, S>k1/k2, the n
first data streams comprise K1 first data stream groups, symbols of every two first data streams in
a same first data stream group are from same codewords, and the K1 first data streams are
respectively from the K1 first data stream groups.

57. The data processing apparatus according to claim 56, wherein the convolution interleaver
is specifically configured to:

delay one lane data stream based on p delay lines to obtain one first data stream, wherein p is
an integer greater than 1, p*a>F/k2, a quantity of storage units comprised in each delay line is
different, a delay line with a smallest quantity of storage units comprises O storage units, a
difference between quantities of storage units of every two adjacent delay lines is Q, each storage
unit is configured to store d symbols, z=p*d, symbols in each lane data stream are sequentially
input to the p delay lines based on sequence numbers of the p delay lines, d symbols are input to
each delay line for a single time and d symbols are output from the delay line for a single time,
p*d consecutive symbols in the first data stream comprise the d symbols output from the delay
line, Q is an integer greater than or equal to 1, d is an integer greater than or equal to 1, and d<a.

58. The data processing apparatus according to claim 57, wherein a delay line with a largest
sequence number in the p delay lines comprises 0 storage units, and d(p * Q + 1) > K4.

59. The data processing apparatus according to claim 57, wherein a delay line with a smallest
sequence number in the p delay lines comprises 0 storage units, and d(p * Q — 1) > K4.

60. The data processing apparatus according to any one of claims 57 to 59, wherein K first
data streams participating in the block interleaving comprise a first symbol matrix, the first symbol
matrix comprises K rows and B columns of symbols, B=R*p*d, R is an integer greater than or
equal to 1, the S target data streams obtained through the block interleaving comprises a second
symbol matrix, the second symbol matrix comprises S rows and F columns of symbols, and
K*B=S*F; and

symbols in the first symbol matrix are from at least F different codewords, and at most
R*K1/K2 symbols in the first symbol matrix are from a same codeword.

61. The data processing apparatus according to claim 60, wherein F symbols in each row of
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the second symbol matrix are from at least [F/K2] columns in the first symbol matrix, at most
K2 symbols are selected in each of the [F/K2] columns, and [F/K2] represents an integer
obtained by rounding up a quotient of F/K2; and

the F symbols in each row of the second symbol matrix comprise at least |F/K1] symbols
in each row of the first symbol matrix, |F/K1]| represents an integer obtained by rounding down
a quotient of F/K1, the F symbols in each row of the second symbol matrix comprise at most
[F/K1] symbols in each row of the first symbol matrix, and [F/K1] represents an integer
obtained by rounding up a quotient of F/K.

62. The data processing apparatus according to claim 60 or 61, wherein symbols, from odd-
numbered columns of the first symbol matrix, in each row of the second symbol matrix are located
in different rows of the first symbol matrix, and symbols, from even-numbered columns of the first
symbol matrix, in each row of the second symbol matrix are located in different rows of the first
symbol matrix.

63. The data processing apparatus according to any one of claims 60 to 62, wherein symbols
that are output from delay lines with a same delay value and that are in each row of the second
symbol matrix are from different rows of the first symbol matrix.

64. The data processing apparatus according to any one of claims 60 to 63, wherein at most
K3 symbols in each row of the second symbol matrix are from a same row of the first symbol
matrix, and any two of the K3 symbols are respectively output from two delay lines whose delay
difference is greater than or equal to 2*Q*d.

65. The data processing apparatus according to claim 54 or 55, wherein the interleaving
module comprises a first block interleaver, a convolution interleaver, and a second block
interleaver;

the first block interleaver is configured to perform first block interleaving on the n lane data
streams to obtain T first data streams, wherein C consecutive symbols in each of the first data
streams are from at least E different codewords, T=n/K1, C is a multiple of a, and E>K2*a;

the convolution interleaver is configured to perform convolutional interleaving on the T first
data streams to obtain T second data streams, wherein H consecutive symbols in each of the second
data streams are from at least F different codewords, F>E, and at most K1/K2 symbols in the H
consecutive symbols in each of the second data streams are from a same codeword; and

the second block interleaver is configured to perform second block interleaving on each of
the T second data streams to obtain S target data streams, so as to obtain a total of the m target data
streams, wherein m=T*S, and S>k1/K2.

66. The data processing apparatus according to claim 65, wherein the n lane data streams

participating in the first block interleaving comprise a third symbol matrix, the third symbol matrix
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comprises n rows and A columns of symbols, A is a multiple of a, the T first data streams obtained
through the first block interleaving comprise a fourth symbol matrix, the fourth symbol matrix
comprises T rows and C columns of symbols, T is a divisor of n, and n*A=T*C; and

every T consecutive symbols in one column of the third symbol matrix are a symbol
submatrix, and T symbols in each column of the fourth symbol matrix are in one-to-one
correspondence with each symbol submatrix in the third symbol matrix.

67. The data processing apparatus according to claim 66, wherein symbol submatrices in the
third symbol matrix are arranged in a first sequence, a 1% row to an n™ row of each column in the
third symbol matrix comprise a 1% symbol submatrix to an (n/T)" symbol submatrix that are
arranged in the first sequence, an (n/T)™ symbol submatrix in a former column and a 1% symbol
submatrix in a latter column of two adjacent columns of the third symbol matrix are two
consecutive symbol submatrices arranged in the first sequence, T symbols in a 1% column of the
fourth symbol matrix are from a 1% symbol submatrix that is arranged in the first sequence and
that is in the third symbol matrix, and the rest can be deduced by analogy until T symbols in a C*"
column in the fourth symbol matrix are from a last symbol submatrix that is arranged in the first
sequence and that is in the third symbol matrix; or

symbol submatrices in the third symbol matrix are arranged in a second sequence, a 1%
column to an A" column of every T rows in the third symbol matrix comprise a 1% symbol
submatrix to an A" symbol submatrix that are arranged in the second sequence, an A™ symbol
submatrix in former T rows and a 1%t symbol submatrix in latter T rows of two consecutive T rows
of the third symbol matrix are two consecutive symbol submatrices arranged in the second
sequence, T symbols in a 1% column of the fourth symbol matrix are from a 1% symbol submatrix
that is arranged in the second sequence and that is in the third symbol matrix, and the rest can be
deduced by analogy until T symbols in a C!" column in the fourth symbol matrix are from the last
symbol submatrix that is arranged in the second sequence and that is in the third symbol matrix.

68. The data processing apparatus according to any one of claims 65 to 67, wherein the
convolution interleaver is specifically configured to:

delay one first data stream based on p delay lines to obtain one second data stream, wherein
p is an integer greater than 1, p*E>F, a quantity of storage units comprised in each delay line is
different, a delay line with a smallest quantity of storage units comprises 0 storage units, a
difference between quantities of storage units of every two adjacent delay lines is Q, each storage
unit is configured to store C symbols, p*C=H, symbols in each first data stream are sequentially
input to the p delay lines based on sequence numbers of the p delay lines, C symbols are input to
each delay line for a single time and C symbols are output from the delay line for a single time,
p*C consecutive symbols in the second data stream comprise the C symbols output from the delay
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line, and Q is an integer greater than or equal to 1.

69. The data processing apparatus according to claim 68, wherein a delay line with a largest
sequence number in the p delay lines comprises 0 storage units, and C(p * Q + 1) = K1 = K4.

70. The data processing apparatus according to claim 68, wherein a delay line with a smallest
sequence number in the p delay lines comprises 0 storage units, and C(p * Q — 1) = K1 * K4.

71. The data processing apparatus according to any one of claims 68 to 70, wherein each
second data stream comprises R symbol sets, each symbol set comprises p symbol subsets, each
symbol subset comprises C symbols, the p symbol subsets are respectively output from the p delay
lines, symbols in each symbol set are from at least F different codewords, each target data stream
comprises F symbols, R*p*C=S*F, and R is an integer greater than or equal to 1; and

the F symbols in the target data stream are from at least [F/K2 * a)] different symbol subsets,
each of the [F/(K2 % a)] different symbol subsets has at most K2 *a symbols, and [F/(K2 *
a)] represents an integer obtained by rounding up a quotient of F/(K2 * a).

72. The data processing apparatus according to claim 71, wherein the F symbols in the target
data stream comprise a first group of symbols from a first symbol subset and a second group of
symbols from a second symbol subset, the first symbol subset and the second symbol subset belong
to a same symbol set, the first symbol subset and the second symbol subset are respectively output
from two adjacent delay lines, symbols in the first symbol subset and symbols in the second symbol
subset are separately sequentially arranged, and a ranking of the first group of symbols in the first
symbol subset is different from a ranking of the second group of symbols in the second symbol
subset; or

the F symbols in the target data stream comprise a third group of symbols from a third symbol
subset and a fourth group of symbols from a fourth symbol subset, the third symbol subset and the
fourth symbol subset belong to different symbol sets, the third symbol subset and the fourth symbol
subset are output from a same delay line, symbols in the third symbol subset and symbols in the
fourth symbol subset are separately sequentially arranged, and a ranking of the third group of
symbols in the third symbol subset is different from a ranking of the fourth group of symbols in
the fourth symbol subset.

73. The data processing apparatus according to claim 71 or 72, wherein at most [F/R]
symbols in the F symbols in each target data stream are from a same symbol set, and [F/R]
represents an integer obtained by rounding up a quotient of F/R.

74. The data processing apparatus according to any one of claims 54 to 73, wherein the data
processing apparatus further comprises an encoder, and after the total of the m target data streams
are obtained, the encoder is configured to:

separately perform second FEC encoding on the m target data streams, wherein a length of
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an information bit of the second FEC encoding is equal to F symbols.

75. A data processing method, comprising:

performing block interleaving on every t lane data streams of n lane data streams to obtain s
first data streams, so as to obtain a total of m first data streams, wherein n=g*t, m=qg*s, n is an
integer greater than 1, n can be exactly divided by q, q is an integer greater than or equal to 1, t is
an integer greater than or equal to 1, s is an integer greater than or equal to 1, first forward error
correction FEC encoding is performed on all the n lane data streams, every a codewords obtained
through the first FEC encoding are distributed in b lane data streams, a<b<n, n can be exactly
divided by b, a is an integer greater than or equal to 1, every a consecutive symbols in each lane
data stream are from a different codewords, every L1 consecutive symbols in each lane data stream
are from at least a different codewords, L1=N*a/b, N represents a length of the codeword, the t
lane data streams comprise a total of t*a symbols (a consecutive symbols in each lane data stream),
the t*a symbols comprise a total of D bits (A bits in each symbol, and D=A*t*a), the D bits are
consecutive in any one of the s first data streams, A=M/s, and M represents a quantity of bits
comprised in one symbol; and

separately performing convolutional interleaving on the m first data streams to obtain m
second data streams.

76. The data processing method according to claim 75, wherein every d consecutive symbols
in each first data stream are from v different codewords, every L2 consecutive symbols in each
first data stream are from at least v different codewords, v can be exactly divided by a, L2=t/s*L1,
and d=D/M.

77. The method according to claim 75 or 76, wherein n=32, 16 lane data streams in odd-
numbered lanes of the n lane data streams are from same codewords, 16 lane data streams in even-
numbered lanes of the n lane data streams are from same codewords, and the data stream in the
odd-numbered lane of the n lane data streams and the data stream in the even-numbered lane of
the n lane data streams are from different codewords.

78. The method according to claim 77, wherein t=2, s=1, and the performing block
interleaving on every t lane data streams of n lane data streams to obtain s first data streams
comprises:

performing block interleaving on a (2*i)™ lane data stream and a (2*i+1)" lane data stream
to obtain one first data stream, wherein 0<i<16, two consecutive symbols in the (2*i)" lane data
stream and two consecutive symbols in the (2*i+1)"" lane data stream are consecutive in the first
data stream obtained through the block interleaving, and every four consecutive symbols in the
first data stream obtained through the block interleaving are from four different codewords.

79. The method according to claim 78, wherein a j™ bit in 40 consecutive bits in the first data
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consecutive bits in a ( 2*i+léj %2 I lane data stream,

|x] represents rounding down, wherein 0 < j < 40,and B is 1,2, 4,5, 10, or 20.

80. The method according to claim 77, wherein t=2, s=1, and the performing block
interleaving on every t lane data streams of n lane data streams to obtain s first data streams
comprises:

performing block interleaving on a (2*i)™" lane data stream and a (2*i+1)" lane data stream
to obtain one first data stream, wherein 0<i<16, a j"" group of consecutive B bits in the (2*i)" lane
data stream and a j™ group of consecutive B bits in the (2*i+1)" lane data stream are consecutive
in the first data stream obtained through the block interleaving, j>0, B is 1, 2, 4, 5, 10, or 20, and
every four consecutive symbols in the first data stream obtained through the block interleaving are
from four different codewords.

81. The method according to claim 77, wherein t=2, s=2, and the performing block
interleaving on every t lane data streams of n lane data streams to obtain s first data streams
comprises:

performing block interleaving on a (2*i)™ lane data stream and a (2*i+1)" lane data stream
to obtain a (2*i)" first data stream and a (2*i+1)" first data stream, wherein 0<i<16, a total of 20
bits (five bits in each of four symbols: two consecutive symbols in the (2*i)" lane data stream and
two consecutive symbols in the (2*i+1)" lane data stream) are consecutive in the (2*i)" first data
stream, every 20 consecutive bits in the (2*i)" first data stream are from four different codewords,
a total of 20 bits (the other five bits in each of the four symbols: two consecutive symbols in the
(2*)™ lane data stream and two consecutive symbols in the (2*i+1)" lane data stream) are
consecutive in the (2*i+1)™ first data stream, and every 20 consecutive bits in the (2*i+1)" first
data stream are from four different codewords.

82. The method according to claim 81, wherein an " bit in 20 consecutive bits in a (2*i+g)"

f%“’J «10 + f%5)™ bit in 20 consecutive bits in a (2 *i +

first data stream is from a (5 * g+ l -

L—fOJ)”‘ lane data stream, wherein 0 < f< 20and0 < g < 2.
83. The method according to claim 81, wherein an " bit in 20 consecutive bits in a (2*i+g)™"

first data stream is from a (5 g+ L—fOJ * 10 + f%5)™ bit in 20 consecutive bits in a (2 * i+

EJ%Z)”‘ lane data stream, wherein 0 < f< 20and0 < g < 2.

84. The method according to claim 77, wherein t=4, s=1, and the performing block

interleaving on every t lane data streams of n lane data streams to obtain s first data streams
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comprises:

performing block interleaving on a total of four lane data streams: a (4*i)™ lane data stream,
a (4*i+1)" lane data stream, a (4*i+2)" lane data stream, and a (4*i+3)"" lane data stream, to obtain
one first data stream, wherein 0<i<7, a total of eight symbols (two consecutive symbols comprised
in each of the four lane data streams) are consecutive in the first data stream obtained through the
block interleaving, every eight consecutive symbols in the first data stream obtained through the
block interleaving are from at least four different codewords, every 272 consecutive symbols are
from at least four different codewords, a 0" symbol, a 1% symbol, a 2"¢ symbol, and a 3" symbol
in every eight consecutive symbols in the first data stream obtained through the block interleaving
are from different codewords, and a 4" symbol, a 5" symbol, a 6™ symbol, and a 7" symbol in
every eight consecutive symbols in the first data stream obtained through the block interleaving
are from different codewords.

85. The method according to claim 77, wherein t=4, s=1, and the performing block
interleaving on every t lane data streams of n lane data streams to obtain s first data streams
comprises:

performing block interleaving on a total of four lane data streams: a (4*i)" lane data stream,
a (4*i+1)" lane data stream, a (4*i+2)" lane data stream, and a (4*i+3)'" lane data stream, to obtain
one first data stream, wherein 0<i<7, a total of eight symbols (a j'" group of two consecutive
symbols comprised in each of the four lane data streams) are consecutive in the first data stream
obtained through the block interleaving, the j™ group of two consecutive symbols comprised in
each of the four lane data streams are consecutive in the first data stream obtained through the
block interleaving, j>0, every eight consecutive symbols in the first data stream obtained through
the block interleaving are from at least four different codewords, every 272 consecutive symbols
are from at least four different codewords, a 0™ symbol, a 1! symbol, a 2" symbol, and a 3@ symbol
in every eight consecutive symbols in the first data stream obtained through the block interleaving
are from different codewords, and a 4" symbol, a 5" symbol, a 6" symbol, and a 7" symbol in
every eight consecutive symbols in the first data stream obtained through the block interleaving
are from different codewords.

86. The method according to claim 77, wherein t=4, s=1, and the performing block
interleaving on every t lane data streams of n lane data streams to obtain s first data streams
comprises:

performing block interleaving on a total of four lane data streams: a (4*i)" lane data stream,
a (4*i+1)" lane data stream, a (4*i+2)" lane data stream, and a (4*i+3)'" lane data stream, to obtain
one first data stream, wherein 0<i<7, a total of four symbols (a j"" symbol comprised in each of the

four lane data streams) are consecutive in the first data stream obtained through the block

210



10

15

20

25

30

35

interleaving, >0, and every four consecutive symbols in the first data stream obtained through the
block interleaving are from four different codewords.

87. The method according to claim 77, wherein t=8, s=1, and the performing block
interleaving on every t lane data streams of n lane data streams to obtain s first data streams
comprises:

performing block interleaving on a total of eight lane data streams: an (8*i)™ lane data stream,
an (8*i+1)" lane data stream, an (8*i+2)" lane data stream, an (8*i+3)™" lane data stream, an
(8*i+4)" lane data stream, an (8*i+5)" lane data stream, an (8*i+6)" lane data stream, and an
(8*i+7)" lane data stream, to obtain one first data stream, wherein 0<i<3, a total of 16 symbols
(two consecutive symbols comprised in each of the eight lane data streams) are consecutive in the
first data stream obtained through the block interleaving, every 16 consecutive symbols in the first
data stream obtained through the block interleaving are from at least four different codewords,
every 544 consecutive symbols are from at least four different codewords, a 0" symbol, a 1%
symbol, a 2" symbol, and a 3" symbol in every 16 consecutive symbols in the first data stream
obtained through the block interleaving are from different codewords, a 4" symbol, a 5" symbol,
a 6™ symbol, and a 7" symbol in every 16 consecutive symbols in the first data stream obtained
through the block interleaving are from different codewords, an 8" symbol, a 9" symbol, a 10"
symbol, and an 11" symbol in every 16 consecutive symbols in the first data stream obtained
through the block interleaving are from different codewords, and a 12" symbol, a 13" symbol, a
14" symbol, and a 15" symbol in every 16 consecutive symbols in the first data stream obtained
through the block interleaving are from different codewords.

88. The method according to claim 77, wherein t=8, s=1, and the performing block
interleaving on every t lane data streams of n lane data streams to obtain s first data streams
comprises:

performing block interleaving on a total of eight lane data streams: an (8*i)™" lane data stream,
an (8*i+1)" lane data stream, an (8*i+2)" lane data stream, an (8*i+3)™" lane data stream, an
(8*i+4)™" lane data stream, an (8*i+5)™" lane data stream, an (8*i+6)™" lane data stream, and an
(8*i+7)" lane data stream, to obtain one first data stream, wherein 0<i<3, a total of 16 symbols (a
j™ group of two consecutive symbols comprised in each of the eight lane data streams) are
consecutive in the first data stream obtained through the block interleaving, a j™ group of two
consecutive symbols comprised in each of the eight lane data streams are consecutive in the first
data stream obtained through the block interleaving, j>0, every 16 consecutive symbols in the first
data stream obtained through the block interleaving are from at least four different codewords,
every 544 consecutive symbols are from at least four different codewords, a 0" symbol, a 1%
symbol, a 2" symbol, and a 3" symbol in every 16 consecutive symbols in the first data stream
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obtained through the block interleaving are from different codewords, a 4" symbol, a 5" symbol,
a 6 symbol, and a 7" symbol in every 16 consecutive symbols in the first data stream obtained
through the block interleaving are from different codewords, an 8" symbol, a 9" symbol, a 10"
symbol, and an 11" symbol in every 16 consecutive symbols in the first data stream obtained
through the block interleaving are from different codewords, and a 12 symbol, a 13" symbol, a
14" symbol, and a 15" symbol in every 16 consecutive symbols in the first data stream obtained
through the block interleaving are from different codewords.

89. The method according to claim 77, wherein t=8, s=1, and the performing block
interleaving on every t lane data streams of n lane data streams to obtain s first data streams
comprises:

performing block interleaving on a total of eight lane data streams: an (8*i)™ lane data stream,
an (8*i+1)" lane data stream, an (8*i+2)"" lane data stream, an (8*i+3)"" lane data stream, an
(8*i+4)" lane data stream, an (8*i+5)" lane data stream, an (8*i+6)" lane data stream, and an
(8*i+7)" lane data stream, to obtain one first data stream, wherein 0<i<3, a total of eight symbols
(a j'™ symbol comprised in each of the eight lane data streams) are consecutive in the first data
stream obtained through the block interleaving, j>0, every eight consecutive symbols in the first
data stream obtained through the block interleaving are from four different codewords, a 0" symbol,
a 1%t symbol, a 2" symbol, and a 3" symbol in every eight consecutive symbols in the first data
stream obtained through the block interleaving are from different codewords, and a 4™ symbol, a
51 symbol, a 6" symbol, and a 7" symbol in every eight consecutive symbols in the first data
stream obtained through the block interleaving are from different codewords.

90. The method according to claim 75 or 76, wherein n=32, 16 consecutive lane data streams
sorted in the front of the n lane data streams are from same codewords, 16 consecutive lane data
streams sorted in the back of the n lane data streams are from same codewords, and the 16
consecutive lane data streams sorted in the front of the n lane data streams and the 16 consecutive
lane data streams sorted in the back of the n lane data streams are from different codewords.

91. The method according to claim 90, wherein t=2, s=1, and the performing block
interleaving on every t lane data streams of n lane data streams to obtain s first data streams
comprises:

performing block interleaving on an i lane data stream and an (i+16)™" lane data stream to
obtain one first data stream, wherein 0<i<16, two consecutive symbols in the i lane data stream
and two consecutive symbols in the (i+16)™ lane data stream are consecutive in the first data stream
obtained through the block interleaving, and every four consecutive symbols in the first data stream
obtained through the block interleaving are from four different codewords.

92. The method according to claim 91, wherein a j™ bit in 40 consecutive bits in the first data
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consecutive bits in a ( 2*i+léj %2 I lane data stream,

|x] represnets rounding down, wherein 0 < j < 40,and B is 1, 2, 4,5, 10, or 20.

93. The method according to claim 90, wherein t=2, s=1, and the performing block
interleaving on every t lane data streams of n lane data streams to obtain s first data streams
comprises:

performing block interleaving on an i" lane data stream and an (i+16)™" lane data stream to
obtain one first data stream, wherein 0<i<16, a j™ group of consecutive B bits in the i'" lane data
stream and a j™ group of consecutive B bits in the (i+16)™ lane data stream are consecutive in the
first data stream obtained through the block interleaving, >0, B is 1, 2, 4, 5, 10, or 20, and every
four consecutive symbols in the first data stream obtained through the block interleaving are from
four different codewords.

94. The method according to claim 90, wherein t=2, s=2, and the performing block
interleaving on every t lane data streams of n lane data streams to obtain s first data streams
comprises:

performing block interleaving on an i lane data stream and an (i+16)™" lane data stream to
obtain a (2*i)"" first data stream and a (2*i+1)" first data stream, wherein 0<i<16, a total of 20 bits
(five bits in each of four symbols: two consecutive symbols in the i" lane data stream and two
consecutive symbols in the (i+16)™ lane data stream) are consecutive in the (2*i)" first data stream,
every 20 consecutive bits in the (2*i)" first data stream are from four different codewords, a total
of 20 bits (the other five bits in each of the four symbols: two consecutive symbols in the i lane
data stream and two consecutive symbols in the (i+16)™" lane data stream) are consecutive in the
(2*i+1)" first data stream, and every 20 consecutive bits in the (2*i+1)" first data stream are from
four different codewords.

95. The method according to claim 94, wherein an " bit in 20 consecutive bits in a (2*i+g)™"

first data stream is from a (5 x g + [f%loj + 10 + f%5)™ bit in 20 consecutive bits in a (i + 16 *

5

L—fOJ)”‘ lane data stream, wherein 0 < f< 20and0 < g < 2.
96. The method according to claim 94, wherein an ™ bit in 20 consecutive bits in a (2*i+g)"

first data stream is from a (5 * g+ L—fOJ * 10 + f%35)™ bit in 20 consecutive bits in a (i + 16 *

L—fOJ)”‘ lane data stream, wherein 0 < f< 20and 0 < g < 2.

97. The method according to claim 90, wherein t=4, s=1, and the performing block

interleaving on every t lane data streams of n lane data streams to obtain s first data streams
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comprises:

performing block interleaving on a total of four lane data streams: a (2*i)™ lane data stream,
a (2*i+1)™ lane data stream, a (2*i+16)™ lane data stream, and a (2*i+17)" lane data stream, to
obtain one first data stream, wherein 0<i<7, a total of eight symbols (two consecutive symbols
comprised in each of the four lane data streams) are consecutive in the first data stream obtained
through the block interleaving, every eight consecutive symbols in the first data stream obtained
through the block interleaving are from at least four different codewords, every 272 consecutive
symbols are from at least four different codewords, a 0" symbol, a 1%t symbol, a 2" symbol, and a
3 symbol in every eight consecutive symbols in the first data stream obtained through the block
interleaving are from different codewords, and a 4™ symbol, a 5 symbol, a 6! symbol, and a 7"
symbol in every eight consecutive symbols in the first data stream obtained through the block
interleaving are from different codewords.

98. The method according to claim 90, wherein t=4, s=1, and the performing block
interleaving on every t lane data streams of n lane data streams to obtain s first data streams
comprises:

performing block interleaving on a total of four lane data streams: a (2*i) lane data stream,
a (2*i+1)" lane data stream, a (2*i+16)" lane data stream, and a (2*i+17)™ lane data stream, to
obtain one first data stream, wherein 0<i<7, a total of eight symbols (a j"" group of two consecutive
symbols comprised in each of the four lane data streams) are consecutive in the first data stream
obtained through the block interleaving, the j™ group of two consecutive symbols comprised in
each of the four lane data streams are consecutive in the first data stream obtained through the
block interleaving, j>0, every eight consecutive symbols in the first data stream obtained through
the block interleaving are from at least four different codewords, every 272 consecutive symbols
are from at least four different codewords, a 0™ symbol, a 1! symbol, a 2" symbol, and a 3@ symbol
in every eight consecutive symbols in the first data stream obtained through the block interleaving
are from different codewords, and a 4" symbol, a 5" symbol, a 6" symbol, and a 7" symbol in
every eight consecutive symbols in the first data stream obtained through the block interleaving
are from different codewords.

99. The method according to claim 90, wherein t=4, s=1, and the performing block
interleaving on every t lane data streams of n lane data streams to obtain s first data streams
comprises:

performing block interleaving on a total of four lane data streams: a (2*i)" lane data stream,
a (2*i+1)" lane data stream, a (2*i+16)" lane data stream, and a (2*i+17)™ lane data stream, to
obtain one first data stream, wherein 0<i<7, a total of four symbols (a j" symbol comprised in each

of the four lane data streams) are consecutive in the first data stream obtained through the block
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interleaving, >0, and every four consecutive symbols in the first data stream obtained through the
block interleaving are from four different codewords.

100. The method according to claim 90, wherein t=8, s=1, and the performing block
interleaving on every t lane data streams of n lane data streams to obtain s first data streams
comprises:

performing block interleaving on a total of eight lane data streams: a (4*i)™ lane data stream,
a (4*i+1)" lane data stream, a (4*i+2)"" lane data stream, a (4*i+3)" lane data stream, a (4*i+16)™
lane data stream, a (4*i+17)™ lane data stream, a (4*i+18)" lane data stream, and a (4*i+19)™ lane
data stream, to obtain one first data stream, wherein 0<i<3, a total of 16 symbols (two consecutive
symbols comprised in each of the eight lane data streams) are consecutive in the first data stream
obtained through the block interleaving, every 16 consecutive symbols in the first data stream
obtained through the block interleaving are from at least four different codewords, every 544
consecutive symbols are from at least four different codewords, a 0" symbol, a 1 symbol, a 2"
symbol, and a 3™ symbol in every 16 consecutive symbols in the first data stream obtained through
the block interleaving are from different codewords, a 4" symbol, a 5" symbol, a 6" symbol, and
a 7" symbol in every 16 consecutive symbols in the first data stream obtained through the block
interleaving are from different codewords, an 8" symbol, a 9" symbol, a 10" symbol, and an 11%"
symbol in every 16 consecutive symbols in the first data stream obtained through the block
interleaving are from different codewords, and a 12" symbol, a 13" symbol, a 14™ symbol, and a
15" symbol in every 16 consecutive symbols in the first data stream obtained through the block
interleaving are from different codewords.

101. The method according to claim 90, wherein t=8, s=1, and the performing block
interleaving on every t lane data streams of n lane data streams to obtain s first data streams
comprises:

performing block interleaving on a total of eight lane data streams: a (4*i)™ lane data stream,
a (4*i+1)" lane data stream, a (4*i+2)"" lane data stream, a (4*i+3)" lane data stream, a (4*i+16)™
lane data stream, a (4*i+17)™ lane data stream, a (4*i+18)™ lane data stream, and a (4*i+19)™ lane
data stream, to obtain one first data stream, wherein 0<i<3, a total of 16 symbols (a j™ group of
two consecutive symbols comprised in each of the eight lane data streams) are consecutive in the
first data stream obtained through the block interleaving, a j" group of two consecutive symbols
comprised in each of the eight lane data streams are consecutive in the first data stream obtained
through the block interleaving, >0, every 16 consecutive symbols in the first data stream obtained
through the block interleaving are from at least four different codewords, every 544 consecutive
symbols are from at least four different codewords, a 0" symbol, a 1 symbol, a 2"¢ symbol, and a
39 symbol in every 16 consecutive symbols in the first data stream obtained through the block
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interleaving are from different codewords, a 4" symbol, a 5" symbol, a 6! symbol, and a 7" symbol
in every 16 consecutive symbols in the first data stream obtained through the block interleaving
are from different codewords, an 8™ symbol, a 9" symbol, a 10" symbol, and an 11" symbol in
every 16 consecutive symbols in the first data stream obtained through the block interleaving are
from different codewords, and a 12" symbol, a 13" symbol, a 14" symbol, and a 15" symbol in
every 16 consecutive symbols in the first data stream obtained through the block interleaving are
from different codewords.

102. The method according to claim 90, wherein t=8, s=1, and the performing block
interleaving on every t lane data streams of n lane data streams to obtain s first data streams
comprises:

performing block interleaving on a total of eight lane data streams: a (4*i)™ lane data stream,
a (4*i+1)" lane data stream, a (4*i+2)"" lane data stream, a (4*i+3)" lane data stream, a (4*i+16)"
lane data stream, a (4*i+17)™ lane data stream, a (4*i+18)" lane data stream, and a (4*i+19)™ lane
data stream, to obtain one first data stream, wherein 0<i<3, a total of eight symbols (a j™ symbol
comprised in each of the eight lane data streams) are consecutive in the first data stream obtained
through the block interleaving, >0, every eight consecutive symbols in the first data stream
obtained through the block interleaving are from at least four different codewords, a 0" symbol, a
15t symbol, a 2" symbol, and a 3" symbol in every eight consecutive symbols in the first data
stream obtained through the block interleaving are from different codewords, and a 4™ symbol, a
51 symbol, a 6" symbol, and a 7" symbol in every eight consecutive symbols in the first data
stream obtained through the block interleaving are from different codewords.

103. The method according to claim 75, 76, 77, 78, 79, 80, 81, 82, 83, 90, 91, 92, 93, 94, 95,
or 96, wherein the performing convolutional interleaving on one first data stream to obtain one
second data stream comprises:

delaying one first data stream based on p delay lines to obtain one second data stream, wherein
p is an integer greater than 1, a quantity of storage units comprised in each delay line is different,
a delay line with a smallest quantity of storage units comprises O storage units, a difference
between quantities of storage units of every two adjacent delay lines is Q, each storage unit is
configured to store d symbols, symbols in each lane data stream are sequentially input to the p
delay lines based on sequence numbers of the p delay lines, d symbols are input to each delay line
for a single time and d symbols are output from the delay line for a single time, p*d consecutive
symbols in the second data stream comprise the d symbols output from the delay line, and Q is an
integer greater than or equal to 1.

104. The method according to claim 103, wherein a delay line with a largest sequence number

in the p delay lines comprises 0 storage units, d(p * Q + 1) > L2, and L2=t/s*L1; or

216



10

15

20

25

30

35

a delay line with a smallest sequence number in the p delay lines comprises 0 storage units,
d(p*Q—1) > L2, and L2=t/s*L1.

105. The method according to claim 103 or 104, wherein after the separately performing
convolutional interleaving on the m first data streams to obtain m second data streams, the method
further comprises:

separately performing second FEC encoding on the m second data streams to obtain m
encoded data streams, wherein information data whose length is K symbols in each of the encoded
data streams is from at most K different codewords, and K>p*d.

106. The method according to claim 75, 76, 77, 84, 85, 86, 87, 88, 89, 97, 98, 99, 100, 101,
or 102, wherein the performing convolutional interleaving on one first data stream to obtain one
second data stream comprises:

delaying one first data stream based on p delay lines to obtain one second data stream, wherein
p is an integer greater than 1, a quantity of storage units comprised in each delay line is different,
a delay line with a smallest quantity of storage units comprises 0 storage units, a difference
between quantities of storage units of every two adjacent delay lines is Q, each storage unit is
configured to store four symbols, symbols in each lane data stream are sequentially input to the p
delay lines based on sequence numbers of the p delay lines, four symbols are input to each delay
line for a single time and four symbols are output from the delay line for a single time, p*4
consecutive symbols in the second data stream comprise the four symbols output from the delay
line, and Q satisfies 4(p*xQ—1) >272,4(p*Q+ 1) >272,4(p*Q—1) = 544,0r4(p *
Q+1) > 544.

107. The method according to claim 106, wherein after the separately performing
convolutional interleaving on the m first data streams to obtain m second data streams, the method
further comprises:

separately performing second FEC encoding on the m second data streams to obtain m
encoded data streams, wherein information data whose length is K symbols in each of the encoded
data streams is from at most K different codewords, and K>p*4.

108. The method according to any one of claims 75 to 102, wherein the performing
convolutional interleaving on one first data stream to obtain one second data stream comprises:

delaying one first data stream based on p delay lines to obtain one second data stream, wherein
p is an integer greater than 1, a quantity of storage units comprised in each delay line is different,
a delay line with a smallest quantity of storage units comprises 0 storage units, and a difference
between quantities of storage units of every two adjacent delay lines is Q; and

each storage unit is configured to store 34 bits, bits in each lane data stream are sequentially
input to the p delay lines based on sequence numbers of the p delay lines, 34 bits are input to each
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delay line for a single time and 34 bits are output from each delay line for a single time, and p*34
consecutive bits in one second data stream comprise the 34 bits output from the delay line; or each
storage unit is configured to store 68 bits, bits in each lane data stream are sequentially input to
the p delay lines based on sequence numbers of the p delay lines, 68 bits are input to each delay
line for a single time and 68 bits are output from each delay line for a single time, and p*68
consecutive bits in one second data stream comprise the 68 bits output from the delay line.

109. The method according to claim 108, wherein p=2 and each storage unit is configured to
store 68 bits, or p=4 and each storage unit is configured to store 34 bits.

110. A data processing apparatus, comprising a block interleaver and a convolution interleaver,
wherein

the block interleaver is configured to perform block interleaving on every t lane data streams
of n lane data streams to obtain s first data streams, so as to obtain a total of m first data streams,
wherein n=g*t, m=g*s, n is an integer greater than 1, n can be exactly divided by g, g is an integer
greater than or equal to 1, t is an integer greater than or equal to 1, s is an integer greater than or
equal to 1, first forward error correction FEC encoding is performed on all the n lane data streams,
every a codewords obtained through the first FEC encoding are distributed in b lane data streams,
a<b<n, n can be exactly divided by b, a is an integer greater than or equal to 1, every a consecutive
symbols in each lane data stream are from a different codewords, every L1 consecutive symbols
in each lane data stream are from at least a different codewords, L1=N*a/b, N represents a length
of the codeword, the t lane data streams comprise a total of t*a symbols (a consecutive symbols in
each lane data stream), the t*a symbols comprise a total of D bits (A bits in each symbol, and
D=A*t*a), the D bits are consecutive in any one of the s first data streams, A=M/s, and M
represents a quantity of bits comprised in one symbol; and

the convolution interleaver is configured to separately perform convolutional interleaving on
the m first data streams to obtain m second data streams.

111. The data processing apparatus according to claim 110, wherein every d consecutive
symbols in each first data stream are from v different codewords, every L2 consecutive symbols
in each first data stream are from at least v different codewords, v can be exactly divided by a,
L2=t/s*L1, and d=D/M.

112. The data processing apparatus according to claim 110 or 111, wherein n=32, 16 lane data
streams in odd-numbered lanes of the n lane data streams are from same codewords, 16 lane data
streams in even-numbered lanes of the n lane data streams are from same codewords, and the data
stream in the odd-numbered lane of the n lane data streams and the data stream in the even-
numbered lane of the n lane data streams are from different codewords.

113. The data processing apparatus according to claim 112, wherein t=2, s=1, and the block
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interleaver is specifically configured to:

perform block interleaving on a (2*i)" lane data stream and a (2*i+1)"" lane data stream to
obtain one first data stream, wherein 0<i<16, two consecutive symbols in the (2*i)" lane data
stream and two consecutive symbols in the (2*i+1)"" lane data stream are consecutive in the first
data stream obtained through the block interleaving, and every four consecutive symbols in the
first data stream obtained through the block interleaving are from four different codewords.

114. The data processing apparatus according to claim 113, wherein a j bit in 40 consecutive

bits in the first data stream obtained through the block interleaving is from a (“]EJ /2| * B +j%PB)"

bit in 20 consecutive bits in a ( 2*i+lé] %2 )" lane data stream,

|x] represents rounding down, where 0 < j < 40, and B is 1,2, 4,5, 10, or 20.

115. The data processing apparatus according to claim 112, wherein t=2, s=1, and the block
interleaver is specifically configured to:

perform block interleaving on a (2*i)" lane data stream and a (2*i+1)"" lane data stream to
obtain one first data stream, wherein 0<i<16, a j'" group of consecutive B bits in the (2*i)" lane
data stream and a j™" group of consecutive B bits in the (2*i+1)" lane data stream are consecutive
in the first data stream obtained through the block interleaving, j>0, B is 1, 2, 4, 5, 10, or 20, and
every four consecutive symbols in the first data stream obtained through the block interleaving are
from four different codewords.

116. The data processing apparatus according to claim 112, wherein t=2, s=2, and the block
interleaver is specifically configured to:

perform block interleaving on a (2*i)" lane data stream and a (2*i+1)"" lane data stream to
obtain a (2*i)" first data stream and a (2*i+1)" first data stream, wherein 0<i<16, a total of 20 bits
(five bits in each of four symbols: two consecutive symbols in the (2*i)" lane data stream and two
consecutive symbols in the (2*i+1)" lane data stream) are consecutive in the (2*i)" first data
stream, every 20 consecutive bits in the (2*i)" first data stream are from four different codewords,
a total of 20 bits (the other five bits in each of the four symbols: two consecutive symbols in the
(2*)™ lane data stream and two consecutive symbols in the (2*i+1)" lane data stream) are
consecutive in the (2*i+1)" first data stream, and every 20 consecutive bits in the (2*i+1)" first
data stream are from four different codewords.

117. The data processing apparatus according to claim 116, wherein an f™ bit in 20

%10
5

consecutive bits in a (2*i+g)" first data stream is from a (5 * g + [ J * 10 + f%5)™ bit in 20

consecutive bitsina (2 i + L—fOJ)th lane data stream, wherein 0 < f<20and0 <g< 2.

118. The data processing apparatus according to claim 116, wherein an f™ bit in 20
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consecutive bits in a (2*i+g)™" first data stream is from a (5 * g + L—fOJ + 10 + f%5)™ bit in 20

consecutive bitsina (2 *i + EJ%Z)”‘ lane data stream, wherein 0 < f<20and 0 < g< 2.

119. The data processing apparatus according to claim 112, wherein t=4, s=1, and the block
interleaver is specifically configured to:

perform block interleaving on a total of four lane data streams: a (4*i)" lane data stream, a
(4*i+1)" lane data stream, a (4*i+2)" lane data stream, and a (4*i+3)" lane data stream, to obtain
one first data stream, wherein 0<i<7, a total of eight symbols (two consecutive symbols comprised
in each of the four lane data streams) are consecutive in the first data stream obtained through the
block interleaving, every eight consecutive symbols in the first data stream obtained through the
block interleaving are from at least four different codewords, every 272 consecutive symbols are
from at least four different codewords, a 0™ symbol, a 1%t symbol, a 2" symbol, and a 3 symbol
in every eight consecutive symbols in the first data stream obtained through the block interleaving
are from different codewords, and a 4" symbol, a 5" symbol, a 6™ symbol, and a 7" symbol in
every eight consecutive symbols in the first data stream obtained through the block interleaving
are from different codewords.

120. The data processing apparatus according to claim 112, wherein t=4, s=1, and the block
interleaver is specifically configured to:

perform block interleaving on a total of four lane data streams: a (4*i)" lane data stream, a
(4*i+1)" lane data stream, a (4*i+2)" lane data stream, and a (4*i+3)™" lane data stream, to obtain
one first data stream, wherein 0<i<7, a total of eight symbols (a j'" group of two consecutive
symbols comprised in each of the four lane data streams) are consecutive in the first data stream
obtained through the block interleaving, the j group of two consecutive symbols comprised in
each of the four lane data streams are consecutive in the first data stream obtained through the
block interleaving, j>0, every eight consecutive symbols in the first data stream obtained through
the block interleaving are from at least four different codewords, every 272 consecutive symbols
are from at least four different codewords, a 0™ symbol, a 1! symbol, a 2" symbol, and a 3 symbol
in every eight consecutive symbols in the first data stream obtained through the block interleaving
are from different codewords, and a 4" symbol, a 5" symbol, a 6™ symbol, and a 7" symbol in
every eight consecutive symbols in the first data stream obtained through the block interleaving
are from different codewords.

121. The data processing apparatus according to claim 112, wherein t=4, s=1, and the block
interleaver is specifically configured to:

perform block interleaving on a total of four lane data streams: a (4*i)" lane data stream, a

(4*i+1)" lane data stream, a (4*i+2)" lane data stream, and a (4*i+3)™" lane data stream, to obtain
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one first data stream, wherein 0<i<7, a total of four symbols (a j"" symbol comprised in each of the
four lane data streams) are consecutive in the first data stream obtained through the block
interleaving, j>0, and every four consecutive symbols in the first data stream obtained through the
block interleaving are from four different codewords.

122. The data processing apparatus according to claim 112, wherein t=8, s=1, and the block
interleaver is specifically configured to:

perform block interleaving on a total of eight lane data streams: an (8*i)" lane data stream,
an (8*i+1)" lane data stream, an (8*i+2)"" lane data stream, an (8*i+3)"" lane data stream, an
(8*i+4)" lane data stream, an (8*i+5)" lane data stream, an (8*i+6)" lane data stream, and an
(8*i+7)" lane data stream, to obtain one first data stream, wherein 0<i<3, a total of 16 symbols
(two consecutive symbols comprised in each of the eight lane data streams) are consecutive in the
first data stream obtained through the block interleaving, every 16 consecutive symbols in the first
data stream obtained through the block interleaving are from at least four different codewords,
every 544 consecutive symbols are from at least four different codewords, a 0" symbol, a 1%
symbol, a 2" symbol, and a 3" symbol in every 16 consecutive symbols in the first data stream
obtained through the block interleaving are from different codewords, a 4" symbol, a 5" symbol,
a 6™ symbol, and a 7" symbol in every 16 consecutive symbols in the first data stream obtained
through the block interleaving are from different codewords, an 8" symbol, a 9" symbol, a 10"
symbol, and an 11" symbol in every 16 consecutive symbols in the first data stream obtained
through the block interleaving are from different codewords, and a 12 symbol, a 13" symbol, a
14" symbol, and a 15" symbol in every 16 consecutive symbols in the first data stream obtained
through the block interleaving are from different codewords.

123. The data processing apparatus according to claim 112, wherein t=8, s=1, and the block
interleaver is specifically configured to:

perform block interleaving on a total of eight lane data streams: an (8*i)" lane data stream,
an (8*i+1)" lane data stream, an (8*i+2)" lane data stream, an (8*i+3)™" lane data stream, an
(8*i+4)™" lane data stream, an (8*i+5)™" lane data stream, an (8*i+6)™" lane data stream, and an
(8*i+7)" lane data stream, to obtain one first data stream, wherein 0<i<3, a total of 16 symbols (a
j™ group of two consecutive symbols comprised in each of the eight lane data streams) are
consecutive in the first data stream obtained through the block interleaving, a j™ group of two
consecutive symbols comprised in each of the eight lane data streams are consecutive in the first
data stream obtained through the block interleaving, j>0, every 16 consecutive symbols in the first
data stream obtained through the block interleaving are from at least four different codewords,
every 544 consecutive symbols are from at least four different codewords, a 0" symbol, a 1%
symbol, a 2" symbol, and a 3" symbol in every 16 consecutive symbols in the first data stream
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obtained through the block interleaving are from different codewords, a 4" symbol, a 5" symbol,
a 6 symbol, and a 7" symbol in every 16 consecutive symbols in the first data stream obtained
through the block interleaving are from different codewords, an 8" symbol, a 9" symbol, a 10"
symbol, and an 11" symbol in every 16 consecutive symbols in the first data stream obtained
through the block interleaving are from different codewords, and a 12 symbol, a 13" symbol, a
14" symbol, and a 15" symbol in every 16 consecutive symbols in the first data stream obtained
through the block interleaving are from different codewords.

124. The data processing apparatus according to claim 112, wherein t=8, s=1, and the block
interleaver is specifically configured to:

perform block interleaving on a total of eight lane data streams: an (8*i)" lane data stream,
an (8*i+1)" lane data stream, an (8*i+2)" lane data stream, an (8*i+3)™" lane data stream, an
(8*i+4)" lane data stream, an (8*i+5)" lane data stream, an (8*i+6)" lane data stream, and an
(8*i+7)" lane data stream, to obtain one first data stream, wherein 0<i<3, a total of eight symbols
(a j'™ symbol comprised in each of the eight lane data streams) are consecutive in the first data
stream obtained through the block interleaving, j>0, every eight consecutive symbols in the first
data stream obtained through the block interleaving are from four different codewords, a 0" symbol,
a 1%t symbol, a 2" symbol, and a 3™ symbol in every eight consecutive symbols in the first data
stream obtained through the block interleaving are from different codewords, and a 4™ symbol, a
51 symbol, a 6 symbol, and a 7" symbol in every eight consecutive symbols in the first data
stream obtained through the block interleaving are from different codewords.

125. The data processing apparatus according to claim 110 or 111, wherein n=32, 16
consecutive lane data streams sorted in the front of the n lane data streams are from same
codewords, 16 consecutive lane data streams sorted in the back of the n lane data streams are from
same codewords, and the 16 consecutive lane data streams sorted in the front of the n lane data
streams and the 16 consecutive lane data streams sorted in the back of the n lane data streams are
from different codewords.

126. The data processing apparatus according to claim 125, wherein t=2, s=1, and the block
interleaver is specifically configured to:

perform block interleaving on an i lane data stream and an (i+16)™" lane data stream to obtain
one first data stream, wherein 0<i<16, two consecutive symbols in the i" lane data stream and two
consecutive symbols in the (i+16)" lane data stream are consecutive in the first data stream
obtained through the block interleaving, and every four consecutive symbols in the first data stream
obtained through the block interleaving are from four different codewords.

127. The data processing apparatus according to claim 126, whereina j™ bit in 40 consecutive

222



10

15

20

25

30

bits in the first data stream obtained through the block interleaving is from a (“]EJ /2| * B+ j%p)"

bit in 20 consecutive bits in a ( 2*i+[éJ %2 )" lane data stream,

|x] represents rounding down, where 0 < j < 40, and B is 1,2, 4,5, 10, or 20.

128. The data processing apparatus according to claim 125, wherein t=2, s=1, and the block
interleaver is specifically configured to:

perform block interleaving on an i lane data stream and an (i+16)™" lane data stream to obtain
one first data stream, wherein 0<i<16, a j'™ group of consecutive { bits in the i'" lane data stream
and a j" group of consecutive B bits in the (i+16)" lane data stream are consecutive in the first
data stream obtained through the block interleaving, >0, B is 1, 2, 4, 5, 10, or 20, and every four
consecutive symbols in the first data stream obtained through the block interleaving are from four
different codewords.

129. The data processing apparatus according to claim 125, wherein t=2, s=2, and the block
interleaver is specifically configured to:

perform block interleaving on an i lane data stream and an (i+16)!" lane data stream to obtain
a (2*i)" first data stream and a (2*i+1)" first data stream, wherein 0<i<16, a total of 20 bits (five
bits in each of four symbols: two consecutive symbols in the i lane data stream and two
consecutive symbols in the (i+16)™ lane data stream) are consecutive in the (2*i)™" first data stream,
every 20 consecutive bits in the (2*i)" first data stream are from four different codewords, a total
of 20 bits (the other five bits in each of the four symbols: two consecutive symbols in the i lane
data stream and two consecutive symbols in the (i+16)™ lane data stream) are consecutive in the
(2*i+1)" first data stream, and every 20 consecutive bits in the (2*i+1)™ first data stream are from
four different codewords.

130. The data processing apparatus according to claim 129, wherein an f™ bit in 20

%10
5

consecutive bits in a (2*i+g)" first data stream is from a (5 * g + [ J * 10 + f%5)™" bit in 20

consecutive bitsina (i + 16 * L—fOJ)”‘ lane data stream, wherein 0 < f<20and0 < g < 2.
131. The data processing apparatus according to claim 129, wherein an f™ bit in 20

consecutive bits in a (2*i+g)™" first data stream is from a (5 * g + L—fOJ * 10 + f%5)™ bit in 20

consecutive bitsina (i + 16 * L—fOJ)th lane data stream, wherein 0 < f<20and 0 < g < 2.

132. The data processing apparatus according to claim 125, wherein t=4, s=1, and the block
interleaver is specifically configured to:
perform block interleaving on a total of four lane data streams: a (2*i)" lane data stream, a

(2*i+1)" lane data stream, a (2*i+16)" lane data stream, and a (2*i+17)™" lane data stream, to obtain

223



10

15

20

25

30

35

one first data stream, wherein 0<i<7, a total of eight symbols (two consecutive symbols comprised
in each of the four lane data streams) are consecutive in the first data stream obtained through the
block interleaving, every eight consecutive symbols in the first data stream obtained through the
block interleaving are from at least four different codewords, every 272 consecutive symbols are
from at least four different codewords, a 0" symbol, a 1% symbol, a 2"¢ symbol, and a 3" symbol
in every eight consecutive symbols in the first data stream obtained through the block interleaving
are from different codewords, and a 4" symbol, a 5" symbol, a 6™ symbol, and a 7" symbol in
every eight consecutive symbols in the first data stream obtained through the block interleaving
are from different codewords.

133. The data processing apparatus according to claim 125, wherein t=4, s=1, and the block
interleaver is specifically configured to:

perform block interleaving on a total of four lane data streams: a (2*i)" lane data stream, a
(2*i+1)" lane data stream, a (2*i+16)" lane data stream, and a (2*i+17)™" lane data stream, to obtain
one first data stream, wherein 0<i<7, a total of eight symbols (a j'" group of two consecutive
symbols comprised in each of the four lane data streams) are consecutive in the first data stream
obtained through the block interleaving, the j group of two consecutive symbols comprised in
each of the four lane data streams are consecutive in the first data stream obtained through the
block interleaving, j>0, every eight consecutive symbols in the first data stream obtained through
the block interleaving are from at least four different codewords, every 272 consecutive symbols
are from at least four different codewords, a 0™ symbol, a 1! symbol, a 2" symbol, and a 3@ symbol
in every eight consecutive symbols in the first data stream obtained through the block interleaving
are from different codewords, and a 4" symbol, a 5" symbol, a 6™ symbol, and a 7" symbol in
every eight consecutive symbols in the first data stream obtained through the block interleaving
are from different codewords.

134. The data processing apparatus according to claim 125, wherein t=4, s=1, and the block
interleaver is specifically configured to:

perform block interleaving on a total of four lane data streams: a (2*i)" lane data stream, a
(2*i+1)" lane data stream, a (2*i+16)" lane data stream, and a (2*i+17)™" lane data stream, to obtain
one first data stream, wherein 0<i<7, a total of four symbols (a j"" symbol comprised in each of the
four lane data streams) are consecutive in the first data stream obtained through the block
interleaving, j>0, and every four consecutive symbols in the first data stream obtained through the
block interleaving are from four different codewords.

135. The data processing apparatus according to claim 125, wherein t=8, s=1, and the block
interleaver is specifically configured to:

perform block interleaving on a total of eight lane data streams: a (4*i)™" lane data stream, a
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(4*i+1)" lane data stream, a (4*i+2)" lane data stream, a (4*i+3)™" lane data stream, a (4*i+16)"
lane data stream, a (4*i+17)™ lane data stream, a (4*i+18)™ lane data stream, and a (4*i+19)™ lane
data stream, to obtain one first data stream, wherein 0<i<3, a total of 16 symbols (two consecutive
symbols comprised in each of the eight lane data streams) are consecutive in the first data stream
obtained through the block interleaving, every 16 consecutive symbols in the first data stream
obtained through the block interleaving are from at least four different codewords, every 544
consecutive symbols are from at least four different codewords, a 0" symbol, a 1 symbol, a 2"
symbol, and a 3™ symbol in every 16 consecutive symbols in the first data stream obtained through
the block interleaving are from different codewords, a 4™ symbol, a 5" symbol, a 6" symbol, and
a 7" symbol in every 16 consecutive symbols in the first data stream obtained through the block
interleaving are from different codewords, an 8" symbol, a 9" symbol, a 10" symbol, and an 11"
symbol in every 16 consecutive symbols in the first data stream obtained through the block
interleaving are from different codewords, and a 12" symbol, a 13" symbol, a 14" symbol, and a
15" symbol in every 16 consecutive symbols in the first data stream obtained through the block
interleaving are from different codewords.

136. The data processing apparatus according to claim 125, wherein t=8, s=1, and the block
interleaver is specifically configured to:

perform block interleaving on a total of eight lane data streams: a (4*i)™" lane data stream, a
(4*i+1)" lane data stream, a (4*i+2)" lane data stream, a (4*i+3)™ lane data stream, a (4*i+16)"
lane data stream, a (4*i+17)™ lane data stream, a (4*i+18)" lane data stream, and a (4*i+19)™ lane
data stream, to obtain one first data stream, wherein 0<i<3, a total of 16 symbols (a j™ group of
two consecutive symbols comprised in each of the eight lane data streams) are consecutive in the
first data stream obtained through the block interleaving, a j" group of two consecutive symbols
comprised in each of the eight lane data streams are consecutive in the first data stream obtained
through the block interleaving, j>0, every 16 consecutive symbols in the first data stream obtained
through the block interleaving are from at least four different codewords, every 544 consecutive
symbols are from at least four different codewords, a 0" symbol, a 1 symbol, a 2"¢ symbol, and a
3 symbol in every 16 consecutive symbols in the first data stream obtained through the block
interleaving are from different codewords, a 41" symbol, a 5" symbol, a 6! symbol, and a 7" symbol
in every 16 consecutive symbols in the first data stream obtained through the block interleaving
are from different codewords, an 8™ symbol, a 9" symbol, a 10" symbol, and an 11" symbol in
every 16 consecutive symbols in the first data stream obtained through the block interleaving are
from different codewords, and a 12" symbol, a 13" symbol, a 14" symbol, and a 15" symbol in
every 16 consecutive symbols in the first data stream obtained through the block interleaving are
from different codewords.
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137. The data processing apparatus according to claim 125, wherein t=8, s=1, and the block
interleaver is specifically configured to:

perform block interleaving on a total of eight lane data streams: a (4*i)™" lane data stream, a
(4*i+1)" lane data stream, a (4*i+2)" lane data stream, a (4*i+3)™" lane data stream, a (4*i+16)"
lane data stream, a (4*i+17)™ lane data stream, a (4*i+18)" lane data stream, and a (4*i+19)™ lane
data stream, to obtain one first data stream, wherein 0<i<3, a total of eight symbols (a j"" symbol
comprised in each of the eight lane data streams) are consecutive in the first data stream obtained
through the block interleaving, j>0, every eight consecutive symbols in the first data stream
obtained through the block interleaving are from at least four different codewords, a 0" symbol, a
15t symbol, a 2" symbol, and a 3" symbol in every eight consecutive symbols in the first data
stream obtained through the block interleaving are from different codewords, and a 4™ symbol, a
51 symbol, a 6" symbol, and a 7" symbol in every eight consecutive symbols in the first data
stream obtained through the block interleaving are from different codewords.

138. The data processing apparatus according to claim 110, 111, 112, 113, 114, 115, 116, 117,
118, 125, 126, 127, 128, 129, 130, or 131, wherein the convolution interleaver is specifically
configured to:

delay one first data stream based on p delay lines to obtain one second data stream, wherein
p is an integer greater than 1, a quantity of storage units comprised in each delay line is different,
a delay line with a smallest quantity of storage units comprises O storage units, a difference
between quantities of storage units of every two adjacent delay lines is Q, each storage unit is
configured to store d symbols, symbols in each lane data stream are sequentially input to the p
delay lines based on sequence numbers of the p delay lines, d symbols are input to each delay line
for a single time and d symbols are output from the delay line for a single time, p*d consecutive
symbols in the second data stream comprise the d symbols output from the delay line, and Q is an
integer greater than or equal to 1.

139. The data processing apparatus according to claim 138, wherein a delay line with a largest
sequence number in the p delay lines comprises 0 storage units, d(p*Q+ 1) > L2, and
L2=t/s*L1; or

a delay line with a smallest sequence number in the p delay lines comprises O storage units,
d(p*Q—1) > L2, and L2=t/s*L1.

140. The data processing apparatus according to claim 138 or 139, wherein the data
processing apparatus further comprises an encoder, and after the m second data streams are
obtained, the encoder is configured to:

separately perform second FEC encoding on the m second data streams to obtain m encoded

data streams, wherein information data whose length is K symbols in each of the encoded data
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streams is from at most K different codewords, and K>p*d.

141. The data processing apparatus according to claim 110, 111, 112, 119, 120, 121, 122, 123,
124,132,133, 134, 135, 136, or 137, wherein the convolution interleaver is specifically configured
to:

delay one first data stream based on p delay lines to obtain one second data stream, wherein
p is an integer greater than 1, a quantity of storage units comprised in each delay line is different,
a delay line with a smallest quantity of storage units comprises O storage units, a difference
between quantities of storage units of every two adjacent delay lines is Q, each storage unit is
configured to store four symbols, symbols in each lane data stream are sequentially input to the p
delay lines based on sequence numbers of the p delay lines, four symbols are input to each delay
line for a single time and four symbols are output from the delay line for a single time, p*4
consecutive symbols in the second data stream comprise the four symbols output from the delay
line, and Q satisfies 4(p*xQ—1) =>272,4(p*Q+ 1) >272,4(p*Q— 1) = 544,0r 4(p *
Q+1) > 544.

142. The data processing apparatus according to claim 141, wherein the data processing
apparatus further comprises an encoder, and after the m second data streams are obtained, the
encoder is configured to:

separately perform second FEC encoding on the m second data streams to obtain m encoded
data streams, wherein information data whose length is K symbols in each of the encoded data
streams is from at most K different codewords, and K>p*4.

143. The data processing apparatus according to any one of claims 110 to 137, wherein the
convolution interleaver is specifically configured to:

delay one first data stream based on p delay lines to obtain one second data stream, wherein
p is an integer greater than 1, a quantity of storage units comprised in each delay line is different,
a delay line with a smallest quantity of storage units comprises 0 storage units, and a difference
between quantities of storage units of every two adjacent delay lines is Q; and

each storage unit is configured to store 34 bits, bits in each lane data stream are sequentially
input to the p delay lines based on sequence numbers of the p delay lines, 34 bits are input to each
delay line for a single time and 34 bits are output from each delay line for a single time, and p*34
consecutive bits in one second data stream comprise the 34 bits output from the delay line; or each
storage unit is configured to store 68 bits, bits in each lane data stream are sequentially input to
the p delay lines based on sequence numbers of the p delay lines, 68 bits are input to each delay
line for a single time and 68 bits are output from each delay line for a single time, and p*68
consecutive bits in one second data stream comprise the 68 bits output from the delay line.

144, The data processing apparatus according to claim 143, wherein p=2 and each storage
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unit is configured to store 68 bits, or p=4 and each storage unit is configured to store 34 bits.

145. A data processing method, comprising:

separately delaying n lane data streams based on p delay lines to obtain n first data streams,
wherein first forward error correction FEC encoding is performed on all the n lane data streams, p
is an integer greater than 1, a quantity of storage units comprised in each delay line is different, a
delay line with a smallest quantity of storage units comprises O storage units, a difference between
quantities of storage units of every two adjacent delay lines is Q, each storage unit is configured
to store U bits, bits in each lane data stream are sequentially input to the p delay lines based on
sequence numbers of the p delay lines, U bits are input to each delay line for a single time and U
bits are output from the delay line for a single time, p*U consecutive bits in one second data stream
comprise the U bits output from the delay line, Q is an integer greater than or equal to 1, and U is
an integer greater than or equal to 1; and

separately performing second FEC encoding on the n first data streams to obtain n second
data streams, wherein information data of each codeword in the second data streams obtained
through the second FEC encoding is p*U bits output from the p delay lines for a single time.

146. The method according to claim 145, wherein p*U=120, 136, or 160.

147. A data processing apparatus, comprising a convolution interleaver and an encoder,
wherein

the convolution interleaver is configured to separately delay n lane data streams based on p
delay lines to obtain n first data streams, wherein first forward error correction FEC encoding is
performed on all the n lane data streams, p is an integer greater than 1, a quantity of storage units
comprised in each delay line is different, a delay line with a smallest quantity of storage units
comprises 0 storage units, a difference between quantities of storage units of every two adjacent
delay lines is Q, each storage unit is configured to store U bits, bits in each lane data stream are
sequentially input to the p delay lines based on sequence numbers of the p delay lines, U bits are
input to each delay line for a single time and U bits are output from the delay line for a single time,
p*U consecutive bits in one second data stream comprise the U bits output from the delay line, Q
is an integer greater than or equal to 1, and U is an integer greater than or equal to 1; and

the encoder is configured to separately perform second FEC encoding on the n first data
streams to obtain n second data streams, wherein information data of each codeword in the second
data streams obtained through the second FEC encoding is p*U bits output from the p delay lines
for a single time.

148. The data processing apparatus according to claim 147, wherein p*U=120, 136, or 160.
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