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SPECIFICATION

TITLE OF INVENTION: DATA PROCESSING METHOD AND
APPARATUS IN OPTICAL COMMUNICATION

CROSS-REFERENCE TO RELATED APPLICATIONS

This application claims priorities to Chinese Patent Application No. 202310281335.4,
filed with the China National Intellectual Property Administration on March 16, 2023 and
entitted "DATA PROCESSING METHOD AND APPARATUS IN OPTICAL
COMMUNICATION", and to Chinese Patent Application No. 202410126510.7, filed with
the China National Intellectual Property Administration on January 29, 2024 and entitled
"DATA  PROCESSING METHOD AND APPARATUS IN  OPTICAL
COMMUNICATION", both of which are incorporated herein by reference in their entireties.

TECHNICAL FIELD
Embodiments of this application relate to the field of optical communication
technologies, and in particular, to a data processing method and apparatus in optical
communication.
BACKGROUND
Continuously driven by advancement of 5G, cloud computing, big data, artificial

intelligence, and the like, high-speed optical transport networks are developing toward a
larger capacity, packet-based, and intelligent trend. Coherent optical communication
systems use amplitudes, phases, polarization, and frequencies of optical waves to carry
information. To combat optical signal distortion caused by dispersion, polarization-
dependent impairment, noise, non-linear effects, and other factors during transmission and
maintain long-distance transmission, the coherent optical communication system typically
use efficient forward error correction (forward error correction, FEC) codes to combat
optical impairment during optical transmission, to ensure a sufficiently low bit error rate of
the coherent optical communication systems over long distances.

Currently, communication architectures of some optical transport networks support
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transmission rates of 400 Gbps and 800 Gbps. At the transmission rate of 400 Gbps with the
use of dual-polarization 16QAM (dual-polarization 16 quadrature amplitude modulation,
DP-16QAM) modulation, a required baud rate is usually approximately 60 Gbaud (baud).
At the transmission rate of 800 Gbps with the use of DP-16QAM modulation, a required
baud rate rises to about 120 Gbaud (baud). With the growth of services, metro
telecommunication transmission and data center transmission scenarios have increasingly
high requirements on transmission rates. For example, at transmission rates such as 1.2 Tbps
and 1.6 Tbps, corresponding baud rates are approximately 180 Gbaud and 240 Gbaud with
the use of DP-16QAM modulation and single-wavelength transmission. Under the same
transmission rates, a higher baud rate is required with the use of lower-order modulation
like DP-quadrature phase shift keying (Quadrature Phase Shift Keying, QPSK). However,
although a lower baud rate is required with the use of higher-order modulation like DP-
32QAM or DP-64QAM, a transmission distance is limited. A higher transmission rate
required in the optical transport networks typically corresponds to a higher baud rate, which
in return leads to higher device power consumption. Currently, there are no low-power-
consumption devices available that support a high baud rate exceeding 140 Gbaud. For the
metro telecommunication transmission and data center transmission scenarios, low power
consumption is generally required for implementation. As a result, current solutions cannot
be applicable to the metro telecommunication transmission and data center transmission
scenarios in which the transmission rates exceed 800 Gbps (for example, 1.2 Tbps and 1.6
Tbps).

SUMMARY

Embodiments of this application provide a data processing method and apparatus in
optical communication, to provide a data processing solution applicable to a scenario in
which a transmission rate is higher than 800 Gbps.

According to a first aspect, an embodiment of this application provides a data
processing method in optical communication. The method includes: performing forward
error correction FEC encoding processing on at least one to-be-sent bit data stream, to obtain
M first encoded data streams, where M is an integer greater than 1; and performing first data
processing on the M first encoded data streams, to obtain W first dual-polarization symbol
data streams, where W is an integer greater than 1; each of the W first dual-polarization
symbol data streams is located in two orthogonal polarization directions; the first data
processing includes symbol mapping processing; in one polarization direction (specifically,
either of the two polarization directions), P consecutive symbols in the first dual-

polarization symbol data stream are obtained by performing symbol mapping processing on
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[0008]

[0009]

[0010]

[0011]

g X P bits, and the q X P bits are from at least two of the M first encoded data streams,
where P is an integer greater than 1, and q is a positive integer; and in the polarization
direction (specifically, either of polarization direction of the two polarization directions),
each symbol is obtained by performing symbol mapping processing on q bits.

For example, M bit data streams may be obtained, and then FEC encoding processing
is performed on each of the M bit data streams, to obtain the M first encoded data streams.

For another example, one bit data stream may be obtained, and then FEC encoding
processing is performed on the bit data stream, to obtain the M first encoded data streams.

In this embodiment of this application, a data stream is distributed, so that bits obtained
through the FEC encoding processing are relatively evenly distributed in different data
streams, for example, on optical signals with different wavelengths and in different
polarization directions, or on different optical fibers and in different polarization directions.
In a distribution manner, parallel transmission of the data streams is performed, and a
transmission rate can be improved. In addition, this application does not need a device with
a higher baud rate, and is applicable to a metro telecommunication transmission scenario
and a data center transmission scenario that require low power consumption. In addition,
because the bits obtained through the FEC encoding processing are relatively evenly
distributed in the different data streams, decoding errors of a receiver are relatively evenly
distributed on a plurality of paths of FEC decoding processing, so that codec performance
can be improved.

In a possible implementation, the method further includes: performing digital signal
processing DSP framing on each of the W first dual-polarization symbol data streams, to
obtain W second dual-polarization symbol data streams; and carrying the W second dual-
polarization symbol data streams on W paths of optical signals respectively, and sending the
W second dual-polarization symbol data streams, where wavelengths of the W paths of
optical signals are all different; or sending the W second dual-polarization symbol data
streams through W optical fibers respectively.

In the foregoing solution, in the distribution manner, the bits are evenly distributed on
optical signals with different wavelengths and in different polarization directions, or on
different optical fibers and in different polarization directions, so that parallel transmission
of the data streams is performed, and the transmission rate can be improved. In addition,
this application does not need the device with the higher baud rate, and is applicable to the
metro telecommunication transmission scenario and the data center transmission scenario
that require the low power consumption.

In a possible implementation, the method further includes: performing digital signal
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processing DSP framing on each of the W first dual-polarization symbol data streams, to
obtain W second dual-polarization symbol data streams; and carrying the W second dual-
polarization symbol data streams on W subcarriers respectively, performing digital
subcarrier multiplexing to obtain one signal stream, and sending the signal stream.

[0014] In the foregoing solution, a baud rate corresponding to each subcarrier is 1/W of a baud
rate of sent signals. It should be noted that, compared with the foregoing manner in which
the W paths of optical signals or the W optical fibers are used, the digital subcarrier
implementation needs the device with the higher baud rate, and power consumption of the
device may be higher. However, the digital subcarrier implementation can reduce
complexity of dispersion compensation, and reduce an equalization enhanced phase noise
(Equalization Enhanced Phase Noise, EEPN) penalty. That is, DSP power consumption
thereof may be lower.

[0015] It should be noted that, in the foregoing manners of this application, regardless of
whether a baud rate is reduced or the complexity of the dispersion compensation is reduced
and the EEPN penalty is reduced, a data transmission rate can be improved, and long-
distance data transmission can be adapted to.

[0016] In a possible implementation, P=M, the q X P bits are from the M first encoded data
streams, and every q bits inthe q X P bits are from one of the M first encoded data streams.

[0017] In the foregoing manner, the bits obtained through the FEC encoding processing are
more evenly distributed in the W first dual-polarization symbol data streams.

[0018] In a possible implementation, P=M; and in either polarization direction, q bits that are
mapped to one symbol through the symbol mapping processing are from a same first
encoded data stream.

[0019] In a possible implementation, P=M/2, the q X P bits are from the M first encoded data
streams, and every q/2 bits in the q X P bits are from one of the M first encoded data
streams.

[0020] In a possible implementation, P=M/2; and in either polarization direction, q bits that
are mapped to one symbol through the symbol mapping processing are from two first
encoded data streams.

[0021] In a possible implementation, M consecutive dual-polarization symbols in the first
dual-polarization symbol data stream totally include 2 X M symbols in the two
polarization directions, the 2 X M symbols are obtained by performing symbol mapping
on 2 X qXM bits,and the 2 X q X M bits are from the M first encoded data streams; and
two symbols totally included in each dual-polarization symbol in the two polarization
directions are obtained by performing symbol mapping on 2 X q bits that belong to a same
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first encoded data stream.

[0022] In a possible implementation, performing first data processing on the M first encoded
data streams, to obtain the W first dual-polarization symbol data streams includes: merging
the M first encoded data streams into a second encoded data stream; performing distribution
processing on the second encoded data stream, to obtain W third encoded data streams;
performing symbol mapping processing on each of the W third encoded data streams, to
obtain W first symbol data streams; and performing polarization distribution (polarization
distribution) on each of the W first symbol data streams, to obtain the W first dual-
polarization symbol data streams.

[0023] The foregoing solution provides a distribution solution. Distribution is performed
before the symbol mapping. A processing rate can be improved by performing symbol
mapping and polarization distribution in parallel.

[0024] In a possible implementation, every M consecutive bit sets in the second encoded data
stream are from the M first encoded data streams, and each of the M bit sets includes S,
consecutive bits from a same first encoded data stream, where S, is a positive integer; and
every L; consecutive bits in the second encoded data stream are distributed into one third
encoded data stream, where L; is a positive integer, and L; is an integer multiple of
So X M/W.

[0025] In a possible implementation, L; = Sy X M, and every L; consecutive bits in the third
encoded data stream include the M bit sets from the M first encoded data streams.

[0026] In a possible implementation, S, may be an integer multiple of q. For example, Sy =
2 Xq.

[0027] In a possible implementation, performing first data processing on the M first encoded
data streams, to obtain the W first dual-polarization symbol data streams includes: merging
the M first encoded data streams into a second encoded data stream; performing symbol
mapping processing on the second encoded data stream, to obtain a second symbol data
stream; distributing the second symbol data stream, to obtain W third symbol data streams;
and performing polarization distribution on each of the W third symbol data streams, to
obtain the W first dual-polarization symbol data streams.

[0028] The foregoing solution provides a distribution solution. Distribution is performed after
the symbol mapping.

[0029] In a possible implementation, every M consecutive bit sets in the second encoded data
stream are from the M first encoded data streams, and each of the M bit sets includes S,
consecutive bits from a same first encoded data stream, where S, is a positive integer; and
every 2 X L, consecutive symbols in the third symbol data stream are obtained by
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performing symbol mapping processing on L, X 2 X q bits, and the L, X 2 X q bits are
from the M first encoded data streams, where L, is a positive integer, and L, is an integer
multiple of S, X M/(W X q).

[0030] In a possible implementation, L, = S, X M/q, and the L, X 2 X q bits include the M
bit sets from the M first encoded data streams.

[0031] In a possible implementation, S, may be an integer multiple of q. For example, S, =
2 XqQ.

[0032] In a possible implementation, performing first data processing on the M first encoded
data streams, to obtain the W first dual-polarization symbol data streams includes: merging
the M first encoded data streams into a second encoded data stream; performing symbol
mapping processing on the second encoded data stream, to obtain a second symbol data
stream; performing polarization distribution on the second symbol data stream separately,
to obtain a third dual-polarization symbol data stream; and performing distribution
processing on the third dual-polarization symbol data stream, to obtain the W first dual-
polarization symbol data streams.

[0033] The foregoing solution provides a distribution solution. Distribution processing is
performed after polarization processing.

[0034] In a possible implementation, every M consecutive bit sets in the second encoded data
stream are from the M first encoded data streams, and each of the M bit sets includes S,
consecutive bits from a same first encoded data stream, where S, is a positive integer, and
P is an integer multiple of Sy X M/(W X 2 X q).

[0035] In a possible implementation, S, may be an integer multiple of q. For example, Sy =
2 XqQ.

[0036] In a possible implementation, performing first data processing on the M first encoded
data streams, to obtain the W first dual-polarization symbol data streams includes:
distributing the M first encoded data streams into W fourth encoded data streams;
performing symbol mapping processing on each of the W fourth encoded data streams, to
obtain W fourth symbol data streams; and performing polarization distribution on each of
the W fourth symbol data streams, to obtain the W first dual-polarization symbol data
streams.

[0037] The foregoing solution provides a distribution solution. After the encoding, the M first
encoded data streams are directly distributed, so that an operation step can be reduced, and
processing efficiency can be improved.

[0038] In a possible implementation, every S; X M/W consecutive bits in the fourth encoded
data stream are from the M first encoded data streams, and a quantity of bits that belong to

6



10

15

20

25

30

35

each of the M first encoded data streams in every S; X M/W consecutive bits in the fourth
encoded data stream is the same, where S; is a positive integer, and S; X M is an integer
multiple of W.

[0039] In a possible implementation, S; = 2 X q X W, every 2 X q X M consecutive bits in
the fourth encoded data stream include M bit sets, the M bit sets are from different first
encoded data streams, and each of the M bit sets includes 2 X q consecutive bits that
belong to a same first encoded data stream.

[0040] In a possible implementation, performing first data processing on the M first encoded
data streams, to obtain the W first dual-polarization symbol data streams includes:
performing symbol mapping processing on the M first encoded data streams, to obtain a
fifth symbol data stream; performing distribution processing on the fifth symbol data stream,
to obtain W sixth symbol data streams; and performing polarization distribution on the W
sixth symbol data streams, to obtain the W first dual-polarization symbol data streams.

[0041] In the foregoing solution, functions of the symbol mapping and merging are merged,
so that an operation step can be reduced, and processing efficiency can be improved.

[0042] In a possible implementation, every 2 X P consecutive symbols in the fifth symbol
data stream are obtained by performing symbol mapping processingon 2 X P X q bits, and
the 2 X P X q bits are from at least two of the M first encoded data streams; and every
2 X P X Z/W consecutive symbols in the 2 X P X Z consecutive symbols in the fifth
symbol data stream are distributed into one sixth symbol data stream, where 2 X P X Z is
an integer multiple of W, and Z is a positive integer.

[0043] In a possible implementation, performing first data processing on the M first encoded
data streams, to obtain the W first dual-polarization symbol data streams includes:
performing symbol mapping processing on the M first encoded data streams, to obtain a
fifth symbol data stream; performing polarization distribution on the fifth symbol data
stream, to obtain a fourth dual-polarization symbol data stream; and performing distribution
processing on the fourth dual-polarization symbol data stream, to obtain the W first dual-
polarization symbol data streams.

[0044] In the foregoing solution, functions of the symbol mapping and merging are merged,
so that an operation step can be reduced, and processing efficiency can be improved.
[0045] In a possible implementation, every P consecutive dual-polarization symbols in the
fourth dual-polarization symbol data stream are obtained by performing symbol mapping
processing on 2 X P X q bits, and the 2 X P X q bits are from at least two of the M first
encoded data streams; and every P X Z/W consecutive symbols in the P X Z consecutive
dual-polarization symbols in the fourth dual-polarization symbol data stream are distributed
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into one first dual-polarization symbol data stream, where 2 X P X Z is an integer multiple
of W, and Z is a positive integer.

[0046] In a possible implementation, M=bxW, and performing first data processing on the M
first encoded data streams, to obtain the W first dual-polarization symbol data streams
includes:

[0047] performing "bit group merging" (merging processing) on every b first encoded data
streams in the bxW first encoded data streams, to obtain W sixth encoded data streams; then
performing exchange processing on the W sixth encoded data streams, to obtain W seventh
encoded data streams; further, performing symbol mapping processing on each of the W
seventh encoded data streams, to obtain W sixth symbol data streams; and performing
polarization distribution on each of the W sixth symbol data streams, to obtain the W first
dual-polarization symbol data streams.

[0048] Each of the W sixth encoded data streams includes only bits of the b first encoded data
streams. Then, exchange processing is performed on the W sixth encoded data streams, to
obtain the W seventh encoded data streams. Through the exchange processing, each of the
W sixth encoded data streams may include bits of the bxW first encoded data streams. It
may be understood as that, through the exchange, the bits of the bxW first encoded data
streams are evenly allocated to the W seventh encoded data streams.

[0049] In a possible implementation, M=bxW, and performing first data processing on the M
first encoded data streams, to obtain the W first dual-polarization symbol data streams
includes:

[0050] performing "bit group merging" on every b first encoded data streams in the bxW first
encoded data streams, to obtain W sixth encoded data streams; then performing symbol
mapping processing on each of the W sixth encoded data streams, to obtain W seventh
symbol data streams; then performing exchange processing on the W eighth symbol data
streams, to obtain W eighth symbol data streams; and further, performing polarization
distribution on each of the W eighth symbol data streams, to obtain the W first dual-
polarization symbol data streams.

[0051] Each of the W seventh symbol data streams includes only bits of the b first encoded
data streams. Then, exchange processing is performed on the W seventh symbol data
streams, to obtain the W eighth symbol data streams. Through the exchange processing,
each of the W eighth symbol data streams may include bits of the bxW first encoded data
streams. It may be understood as that, through the exchange, the bits of the bxW first
encoded data streams are evenly allocated to the W eighth symbol data streams.

[0052] In a possible implementation, M=bxW, and performing first data processing on the M
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first encoded data streams, to obtain the W first dual-polarization symbol data streams
includes:

[0053] performing "bit group merging" on every b first encoded data streams in the bxW first
encoded data streams, to obtain one sixth encoded data stream, thereby obtaining W sixth
encoded data streams; then performing symbol mapping processing on each of the W sixth
encoded data streams, to obtain W seventh symbol data streams; further, performing
polarization distribution on each of the W seventh symbol data streams, to obtain W fifth
dual-polarization symbol data streams; and then performing exchange processing on the W
fifth dual-polarization symbol data streams, to obtain the W first dual-polarization symbol
data streams.

[0054] In a possible implementation, M=bxW, and performing first data processing on the M
first encoded data streams, to obtain the W first dual-polarization symbol data streams
includes:

[0055] performing symbol mapping processing on every b first encoded data streams in the
bxW first encoded data streams, to obtain W ninth symbol data streams, where it may be
understood that the bxW first encoded data streams are distributed into W groups, and each
group has the b first encoded data streams; then performing exchange processing on the W
ninth symbol data streams, to obtain W tenth symbol data streams; and further, performing
polarization distribution on the W tenth symbol data streams, to obtain the W first dual-
polarization symbol data streams.

[0056] There are W units for performing symbol mapping processing. That is, it may be
understood that W symbol mapping units are included. Each symbol mapping unit performs
symbol mapping processing on one group of first encoded data streams. Each of the W ninth
symbol data streams includes only bits of the b first encoded data streams. Through the
exchange processing, each of the W tenth symbol data streams may include bits of the bxW
first encoded data streams. It may be understood as that, through the exchange, the bits of
the bxW first encoded data streams are evenly allocated to the W tenth symbol data streams.

[0057] In a possible implementation, M=bxW, and performing first data processing on the M
first encoded data streams, to obtain the W first dual-polarization symbol data streams
includes:

[0058] performing symbol mapping processing on every b first encoded data streams in the
bxW first encoded data streams, to obtain W ninth symbol data streams, where it may be
understood that the bxW first encoded data streams are distributed into W groups, and each
group has the b first encoded data streams; there are W units for performing symbol mapping

processing, that is, it may be understood that W symbol mapping units are included, and
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each symbol mapping unit performs symbol mapping processing on one group of first
encoded data streams; then performing polarization distribution on each of the W ninth
symbol data streams, to obtain W sixth dual-polarization symbol data streams; and
performing exchange processing on the W sixth dual-polarization symbol data streams, to
obtain the W first dual-polarization symbol data streams.

[0059] In a possible implementation, performing first data processing on the M first encoded
data streams, to obtain the W first dual-polarization symbol data streams includes:

[0060] performing symbol mapping processing on each of the M first encoded data streams,
to obtain M eleventh symbol data streams;

[0061] performing distribution processing on the M eleventh symbol data streams, to obtain
W sixth symbol data streams; and

[0062] performing polarization distribution on the W sixth symbol data streams, to obtain the
W first dual-polarization symbol data streams.

[0063] In a possible implementation, every S; X M/W consecutive symbols in the sixth
symbol data stream are from the M eleventh symbol data streams, and a quantity of symbols
that belong to each of the M eleventh symbol data streams in every S; X M/W consecutive
symbols in the sixth symbol data stream is the same, where S; is a positive integer, and
S1 X M is an integer multiple of W.

[0064] In a possible implementation, performing first data processing on the M first encoded
data streams, to obtain the W first dual-polarization symbol data streams includes:

[0065] performing symbol mapping processing on each of the M first encoded data streams,
to obtain M eleventh symbol data streams;

[0066] performing polarization distribution on each of the eleventh symbol data streams, to
obtain M seventh dual-polarization symbol data streams; and

[0067] performing distribution processing on the M seventh dual-polarization symbol data
streams, to obtain the W first dual-polarization symbol data streams.

[0068] In a possible implementation, every S; X M/W consecutive symbols in the first dual-
polarization symbol data stream are from the M seventh dual-polarization symbol data
streams, and a quantity of symbols that belong to each of the M seventh dual-polarization
symbol data streams in every S; X M/W consecutive symbols in the first dual-polarization
symbol data stream is the same, where S; is a positive integer, and S; X M is an integer
multiple of W.

[0069] In a possible implementation, M=4, and W=2; M=2, and W=2; or M=4, and W=4.

[0070] In a possible implementation, performing FEC encoding processing on the to-be-sent

bit data stream, to obtain the M first encoded data streams includes: performing FEC
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encoding on every 2xM bit sequences in the to-be-sent bit data stream in parallel, to obtain
2xM fifth encoded data streams, where each of the 2xM bit sequences includes a plurality
of bits; and performing interleaving processing on every two fifth encoded data streams in
the 2xM fifth encoded data streams, to obtain the M first encoded data streams.

[0071] According to a second aspect, an embodiment of this application provides a data
processing method in optical communication. The method includes: obtaining W first dual-
polarization symbol data streams, where W is an integer greater than 1, each of the W first
dual-polarization symbol data streams is located in two orthogonal polarization directions;
and performing second data processing on the W first dual-polarization symbol data streams,
to obtain M first encoded data streams; and performing FEC decoding processing on the M
first encoded data streams, to obtain a to-be-received bit data stream, where M is an integer
greater than 1, the second data processing includes symbol demapping processing, and
q X P bits obtained by performing symbol demapping processing on P consecutive symbols
in the first dual-polarization symbol data stream are distributed into at least two of the M
first encoded data streams in either polarization direction, where P is an integer greater than
1, and q is a positive integer; and in either polarization direction, q bits are obtained by
performing symbol mapping processing on each symbol.

[0072] In a possible implementation, obtaining the W first dual-polarization symbol data
streams includes:

[0073] receiving W second dual-polarization symbol data streams from a transmitter device
via W optical signals with different wavelengths or through W optical fibers; or
demultiplexing one path of received signals to obtain W subcarriers, to obtain W second
dual-polarization symbol data streams from a transmitter device; and

[0074] performing receiver data signal processing DSP on each of the W second dual-
polarization symbol data streams, to obtain the W first dual-polarization symbol data
streams.

[0075] In a possible implementation, P=M, the q X P bits are distributed into the M first
encoded data streams, and every q bits in the q X P bits are distributed into one of the M
first encoded data streams.

[0076] In a possible implementation, in either polarization direction, the q bits obtained by
performing symbol demapping processing on each symbol are distributed into a same first
encoded data stream.

[0077] In a possible implementation, M consecutive dual-polarization symbols in the first
dual-polarization symbol data stream totally include 2 X M symbols in the two

polarization directions, 2 X q X M bits are obtained by performing symbol demapping on
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[0079]

[0080]

[0081]

the 2 X M symbols, and the 2 X q X M bits are distributed into the M first encoded data
streams; and 2 X q bits obtained by performing symbol demapping on two symbols
totally included in each dual-polarization symbol in the two polarization directions are

distributed into a same first encoded data stream.

[0078] In a possible implementation, performing second data processing on the W first dual-

polarization symbol data streams, to obtain the M first encoded data streams includes:
performing polarization combining on each of the W first dual-polarization symbol data
streams, to obtain W first symbol data streams; performing symbol demapping on each of
the W first symbol data streams, to obtain W third encoded data streams; performing
merging processing on the W third encoded data streams, to obtain a second encoded data
stream; and distributing the second encoded data stream into the M first encoded data
streams.

In a possible implementation, every M consecutive bit sets in the second encoded data
stream are distributed into the M first encoded data streams, and each of the M bit sets
includes S, consecutive bits that belong to a same first encoded data stream, where S, is
a positive integer; and every L; consecutive bits in the second encoded data stream are
from a same third encoded data stream, where L, isapositive integer, and L; is an integer
multiple of Sy X M/W.

In a possible implementation, L; = Sy X M, every L; consecutive bits in the third
encoded data stream include the M bit sets, and the M bit sets are distributed into the M first
encoded data streams.

In a possible implementation, performing second data processing on the W first dual-
polarization symbol data streams, to obtain the M first encoded data streams includes:
performing polarization combining on the W first dual-polarization symbol data streams, to
obtain W third symbol data streams; merging the W third symbol data streams, to obtain a
second symbol data stream; performing symbol demapping processing on the second
symbol data stream, to obtain a second encoded data stream; and distributing the second
encoded data stream into the M first encoded data streams.

In a possible implementation, every M consecutive bit sets in the second encoded data
stream are distributed into the M first encoded data streams, and S, consecutive bits
included in each of the M bit sets are distributed into a same first encoded data stream,
where S, is a positive integer; and L, X 2 X q bits are obtained by performing symbol
demapping processing on every 2 X L, consecutive symbols in the third symbol data
stream, and the L, X 2 X q bits are distributed into the M first encoded data streams, where
L, is apositive integer, and L, is an integer multiple of S, X M/(W X q).
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[0083] In a possible implementation, L, =S, X M/q, and the L, X 2 X q bits include the M
bit sets that enter the M first encoded data streams.

[0084] In a possible implementation, performing second data processing on the W first dual-
polarization symbol data streams, to obtain the M first encoded data streams includes:
performing merging processing on the W first dual-polarization symbol data streams, to
obtain a third dual-polarization symbol data stream; performing polarization combining on
the third dual-polarization symbol data stream, to obtain a second symbol data stream;
performing symbol demapping processing on the second symbol data stream, to obtain a
second encoded data stream; and distributing the second encoded data stream into the M
first encoded data streams.

[0085] In a possible implementation, every M consecutive bit sets in the second encoded data
stream are distributed into the M first encoded data streams, and each of the M bit sets
includes S, consecutive bits that enter a same first encoded data stream, where S, is a
positive integer, and P is an integer multiple of Sq X M/(W X 2 X q).

[0086] In a possible implementation, Sy, = 2 X q.

[0087] In a possible implementation, performing second data processing on the W first dual-
polarization symbol data streams, to obtain the M first encoded data streams includes:
performing polarization combining on the W first dual-polarization symbol data streams, to
obtain W fourth symbol data streams; performing symbol demapping processing on the W
fourth symbol data streams, to obtain W fourth encoded data streams; and distributing the
W fourth encoded data streams into the M first encoded data streams.

[0088] In a possible implementation, every S; X M/W consecutive bits in the fourth encoded
data stream are distributed into the M first encoded data streams, and a quantity of bits that
enter each of the M first encoded data streams in every S; X M/W consecutive bits in the
third encoded data stream is the same, where S; is a positive integer, and S; X M is an
integer multiple of W.

[0089] In a possible implementation, S; = 2 X q X W, every 2 X q X M consecutive bits in
the third encoded data stream include M bit sets, the M bit sets are distributed into different
first encoded data streams, and each of the M bit sets includes 2 X q consecutive bits that
are distributed into a same first encoded data stream.

[0090] In a possible implementation, performing second data processing on the W first dual-
polarization symbol data streams, to obtain the M first encoded data streams includes:
performing polarization combining on the W first dual-polarization symbol data streams, to
obtain W sixth symbol data streams; merging the W sixth symbol data streams, to obtain a
fifth symbol data stream; and performing symbol demapping processing on the fifth symbol

13



data stream, to obtain the M first encoded data streams.

[0091] In a possible implementation, 2 X P X q bits are obtained by performing symbol
demapping processing on every 2 X P consecutive symbols in the fifth symbol data stream,
and the 2 X P X q bits are distributed into at least two of the M first encoded data streams;
and every 2 X P X Z/W consecutive symbols in the 2 X P X Z consecutive symbols in the
fifth symbol data stream are from a same sixth symbol data stream, where 2 X P X Z is an
integer multiple of W, and Z is a positive integer.

[0092] In a possible implementation, performing second data processing on the W first dual-
polarization symbol data streams, to obtain the M first encoded data streams includes:
performing merging processing on the W first dual-polarization symbol data streams, to
obtain a fourth dual-polarization symbol data stream; performing polarization combining
on the fourth dual-polarization symbol data stream, to obtain a fifth symbol data stream,;
and performing symbol demapping processing on the fifth symbol data stream, to obtain the
M first encoded data streams.

[0093] In a possible implementation, 2 X P X q bits are obtained by performing symbol
demapping processing on every P consecutive dual-polarization symbols in the fourth
dual-polarization symbol data stream, and the 2 X P X q bits are distributed into at least
two of the M first encoded data streams; and every P X Z/W consecutive symbols in the
P X Z consecutive dual-polarization symbols in the fourth dual-polarization symbol data
stream are from a same first dual-polarization symbol data stream, where 2 X P X Z is an
integer multiple of W, and Z is a positive integer.

[0094] In a possible implementation, M=bxW, and performing second data processing on the
W first dual-polarization symbol data streams, to obtain the M first encoded data streams
includes:

[0095] performing polarization distribution on the W first dual-polarization symbol data
streams, to obtain W sixth symbol data streams; then performing symbol demapping
processing on the W sixth symbol data streams, to obtain W seventh encoded data streams;
further, performing inverse exchange processing on the W seventh encoded data streams, to
obtain W sixth encoded data streams; and then performing bit distribution on the W sixth
encoded data streams, to obtain the bxW first encoded data streams, where each sixth
encoded data stream is distributed into b first encoded data streams.

[0096] In a possible implementation, M=bxW, and performing second data processing on the
W first dual-polarization symbol data streams, to obtain the M first encoded data streams
includes:

[0097] performing polarization combining on the W first dual-polarization symbol data
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streams, to obtain W eighth symbol data streams; performing inverse exchange processing
on the W eighth symbol data streams, to obtain W seventh symbol data streams; then
performing symbol demapping processing on each of the W seventh symbol data streams,
to obtain W sixth encoded data streams; and further, performing bit distribution on the W
sixth encoded data streams, to obtain the bxW first encoded data streams.

[0098] In a possible implementation, M=bxW, and performing second data processing on the
W first dual-polarization symbol data streams, to obtain the M first encoded data streams
includes:

[0099] performing inverse exchange processing on the W first dual-polarization symbol data
streams, to obtain W fifth dual-polarization symbol data streams; then performing
polarization combining on the W fifth dual-polarization symbol data streams, to obtain W
seventh symbol data streams; further, performing symbol demapping processing on the W
seventh symbol data streams, to obtain W sixth encoded data streams; and then performing
bit distribution on the W sixth encoded data streams, to obtain the bxW first encoded data
streams.

[00100] In a possible implementation, M=bxW, and performing second data processing on the
W first dual-polarization symbol data streams, to obtain the M first encoded data streams
includes:

[00101] performing polarization combining on the W first dual-polarization symbol data
streams, to obtain W tenth symbol data streams; then performing inverse exchange
processing on the W tenth symbol data streams, to obtain W ninth symbol data streams; and
performing symbol demapping processing on the W ninth symbol data streams, to obtain
the bxW first encoded data streams.

[00102] In a possible implementation, M=bxW, and performing second data processing on the
W first dual-polarization symbol data streams, to obtain the M first encoded data streams
includes:

[00103] performing inverse exchange processing on the W first dual-polarization symbol data
streams, to obtain W sixth dual-polarization symbol data streams; then performing
polarization combining on each of the W sixth dual-polarization symbol data streams, to
obtain W ninth symbol data streams; and then performing symbol demapping processing on
the W ninth symbol data streams, to obtain the bxW first encoded data streams.

[00104] In a possible implementation, performing second data processing on the W first dual-
polarization symbol data streams, to obtain the M first encoded data streams includes:

[00105] performing polarization combining on the W first dual-polarization symbol data

streams, to obtain W sixth symbol data streams;

15



10

15

20

25

30

35

[00106] distributing the W sixth symbol data streams, to obtain M first symbol data streams;
and

[00107] performing symbol demapping processing on each of the M first symbol data streams,
to obtain the M first encoded data streams.

[00108] In a possible implementation, every S; X M/W consecutive symbols in the sixth
symbol data stream are distributed into M eleventh symbol data streams, and a quantity of
symbols that enter each of the M eleventh symbol data streams in every S; X M/W
consecutive symbols in the sixth symbol data stream is the same, where S; is a positive
integer, and S; X M is an integer multiple of W.

[00109] In a possible implementation, performing second data processing on the W first dual-
polarization symbol data streams, to obtain the M first encoded data streams includes:
[00110] performing polarization combining on the W first dual-polarization symbol data

streams, to obtain W sixth symbol data streams;

[00111]  distributing the W sixth symbol data streams, to obtain M eleventh symbol data streams;
and

[00112] performing symbol demapping processing on each of the M eleventh symbol data
streams, to obtain the M first encoded data streams.

[00113] In a possible implementation, every S; X M/W consecutive symbols in the sixth
symbol data stream are distributed into the M eleventh symbol data streams, and a quantity
of symbols that enter each of the M eleventh symbol data streams in every S; X M/W
consecutive symbols in the sixth symbol data stream is the same, where S; is a positive
integer, and S; X M is an integer multiple of W.

[00114] In a possible implementation, M=4, and W=2; M=2, and W=2; or M=4, and W=4.

[00115] In a possible implementation, performing FEC decoding processing on the M first
encoded data streams, to obtain the to-be-received bit data stream includes: performing de-
interleaving processing on the M first encoded data streams, to obtain 2xM fifth encoded
data streams; and performing FEC decoding processing on the 2xM fifth encoded data
streams in parallel, to obtain the to-be-sent bit data stream, where every 2xM consecutive
bit sequences in the bit data stream are from the 2xM fifth encoded data streams, and a
plurality of bits included in each of the 2xM bit sequences are from a same fifth encoded
data stream.

[00116] According to a third aspect, an embodiment of this application provides a data
processing apparatus in optical communication. The apparatus may be used in a transmitter
device, for example, may be the transmitter device, or may be a module of the transmitter
device, for example, a chip or a chip system.
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[00117] An FEC encoding processing unit is configured to obtain a to-be-sent bit data stream,;
and perform forward error correction FEC encoding processing on the to-be-sent bit data
stream, to obtain M first encoded data streams, where M is an integer greater than 1; and

[00118] a first data processing unit is configured to perform first data processing on the M first
encoded data streams, to obtain W first dual-polarization symbol data streams, where

[00119] W is an integer greater than 1; each of the W first dual-polarization symbol data streams
is located in two orthogonal polarization directions; the first data processing includes
symbol mapping processing; in either polarization direction, P consecutive symbols in the
first dual-polarization symbol data stream are obtained by performing symbol mapping
processing on q X P bits, and the q X P bits are from at least two of the M first encoded
data streams, where P is an integer greater than 1, and q is a positive integer; and in either
polarization direction, each symbol is obtained by performing symbol mapping processing
on q bits.

[00120] Inapossible implementation, the apparatus further includes: a DSP framing processing
unit (which is also referred to as a DSP framing unit), configured to perform digital signal
processing DSP framing on each of the W first dual-polarization symbol data streams, to
obtain W second dual-polarization symbol data streams; and a sending unit, configured to
carry the W second dual-polarization symbol data streams on W paths of optical signals
respectively, and send the W second dual-polarization symbol data streams, where
wavelengths of the W paths of optical signals are all different; or send the W second dual-
polarization symbol data streams through W optical fibers respectively.

[00121] In a possible implementation, P=M, the q X P bits are from the M first encoded data
streams, and every q bits inthe q X P bits are from one of the M first encoded data streams.

[00122] In a possible implementation, in either polarization direction, q bits that are mapped to
one symbol through the symbol mapping processing are from a same first encoded data
stream.

[00123] In a possible implementation, M consecutive dual-polarization symbols in the first
dual-polarization symbol data stream totally include 2 X M symbols in the two
polarization directions, the 2 X M symbols are obtained by performing symbol mapping
on 2XqXM bits,and the 2 X q X M bits are from the M first encoded data streams; and
two symbols totally included in each dual-polarization symbol in the two polarization
directions are obtained by performing symbol mapping on 2 X q bits that belong to a same
first encoded data stream.

[00124] In a possible implementation, the first data processing unit includes:

[00125] amerging unit (which is also referred to as a bit group merging unit, a bit merging unit,
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or the like), configured to merge the M first encoded data streams into a second encoded
data stream;

[00126] a distribution processing unit (which is also referred to as a wavelength distribution
unit), configured to perform distribution processing on the second encoded data stream, to
obtain W third encoded data streams;

[00127] a symbol mapping processing unit (or a symbol mapping unit), configured to perform
symbol mapping processing on each of the W third encoded data streams, to obtain W first
symbol data streams; and

[00128] a polarization distribution unit, configured to perform polarization distribution on each
of the W first symbol data streams, to obtain the W first dual-polarization symbol data
streams.

[00129] In a possible implementation, every M consecutive bit sets in the second encoded data
stream are from the M first encoded data streams, and each of the M bit sets includes S,
consecutive bits from a same first encoded data stream, where S, is a positive integer; and
every L; consecutive bits in the second encoded data stream are distributed into one third
encoded data stream, where L; is a positive integer, and L; is an integer multiple of
So X M/W.

[00130] Inapossible implementation, L; = Sy, X M, and every L; consecutive bits in the third
encoded data stream include the M bit sets from the M first encoded data streams.

[00131] In a possible implementation, the first data processing unit includes:

[00132] a merging unit, configured to merge the M first encoded data streams into a second
encoded data stream;

[00133] a symbol mapping unit, configured to perform symbol mapping processing on the
second encoded data stream, to obtain a second symbol data stream;

[00134] a distribution processing unit, configured to distribute the second symbol data stream,
to obtain W third symbol data streams; and

[00135] apolarization distribution unit, configured to perform polarization distribution on each
of the W third symbol data streams, to obtain the W first dual-polarization symbol data
streams.

[00136] In apossible implementation, every M consecutive bit sets in the second encoded data
stream are from the M first encoded data streams, and each of the M bit sets includes S,
consecutive bits from a same first encoded data stream, where S, is a positive integer; and
every 2 X L, consecutive symbols in the third symbol data stream are obtained by
performing symbol mapping processing on L, X 2 X q bits, and the L, X 2 X q bits are
from the M first encoded data streams, where L, is a positive integer, and L, is an integer
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multiple of S, X M/(W X q).

[00137] Inapossible implementation, L, = S, X M/q, and the L, X 2 X q bits include the M
bit sets from the M first encoded data streams.

[00138] In a possible implementation, the first data processing unit includes:

[00139] a merging unit, configured to merge the M first encoded data streams into a second
encoded data stream;

[00140] a symbol mapping unit, configured to perform symbol mapping processing on the
second encoded data stream, to obtain a second symbol data stream;

[00141] a polarization distribution unit, configured to perform polarization distribution on the
second symbol data stream separately, to obtain a third dual-polarization symbol data stream;
and

[00142] a distribution processing unit, configured to perform distribution processing on the
third dual-polarization symbol data stream, to obtain the W first dual-polarization symbol
data streams.

[00143] In a possible implementation, every M consecutive bit sets in the second encoded data
stream are from the M first encoded data streams, and each of the M bit sets includes S,
consecutive bits from a same first encoded data stream, where S, is a positive integer, and
P is an integer multiple of Sy X M/(W X 2 X q).

[00144] In a possible implementation, Sy = 2 X q.

[00145] In a possible implementation, the first data processing unit includes:

[00146]  adistribution processing unit, configured to distribute the M first encoded data streams
into W fourth encoded data streams;

[00147]  a symbol mapping unit, configured to perform symbol mapping processing on each of
the W fourth encoded data streams, to obtain W fourth symbol data streams; and

[00148] a polarization distribution unit, configured to perform polarization distribution on each
of the W fourth symbol data streams, to obtain the W first dual-polarization symbol data
streams.

[00149] In a possible implementation, every S; X M/W consecutive bits in the fourth encoded
data stream are from the M first encoded data streams, and a quantity of bits that belong to
each of the M first encoded data streams in every S; X M/W consecutive bits in the fourth
encoded data stream is the same, where S; is a positive integer, and S; X M is an integer
multiple of W.

[00150] In a possible implementation, S; = 2 X q X W, every 2 X q X M consecutive bits in
the fourth encoded data stream include M bit sets, the M bit sets are from different first
encoded data streams, and each of the M bit sets includes 2 X q consecutive bits that
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belong to a same first encoded data stream.

[00151] In a possible implementation, the first data processing unit includes:

[00152] a symbol mapping unit, configured to perform symbol mapping processing on the M
first encoded data streams, to obtain a fifth symbol data stream;

[00153] adistribution processing unit, configured to perform distribution processing on the fifth
symbol data stream, to obtain W sixth symbol data streams; and

[00154] a polarization distribution unit, configured to perform polarization distribution on the
W sixth symbol data streams, to obtain the W first dual-polarization symbol data streams.

[00155] In a possible implementation, every 2 X P consecutive symbols in the fifth symbol
data stream are obtained by performing symbol mapping processingon 2 X P X q bits, and
the 2 X P X q bits are from at least two of the M first encoded data streams; and every
2 X P X Z/W consecutive symbols in the 2 X P X Z consecutive symbols in the fifth
symbol data stream are distributed into one sixth symbol data stream, where 2 X P X Z 1is
an integer multiple of W, and Z is a positive integer.

[00156] In a possible implementation, the first data processing unit includes:

[00157] a symbol mapping unit, configured to perform symbol mapping processing on the M
first encoded data streams, to obtain a fifth symbol data stream;

[00158] a polarization distribution unit, configured to perform polarization distribution on the
fifth symbol data stream separately, to obtain a fourth dual-polarization symbol data stream;
and

[00159] a distribution processing unit, configured to perform distribution processing on the
fourth dual-polarization symbol data stream, to obtain the W first dual-polarization symbol
data streams.

[00160] In a possible implementation, every P consecutive dual-polarization symbols in the
fourth dual-polarization symbol data stream are obtained by performing symbol mapping
processing on 2 X P X q bits, and the 2 X P X q bits are from at least two of the M first
encoded data streams; and every P X Z/W consecutive symbols in the P X Z consecutive
dual-polarization symbols in the fourth dual-polarization symbol data stream are distributed
into one first dual-polarization symbol data stream, where 2 X P X Z is an integer multiple
of W, and Z is a positive integer.

[00161] In a possible implementation, the first data processing unit includes:

[00162] a symbol mapping unit, configured to perform symbol mapping processing on each of
the M first encoded data streams, to obtain M eleventh symbol data streams;

[00163] a distribution processing unit, configured to perform distribution processing on the M
eleventh symbol data streams, to obtain W sixth symbol data streams; and

20



10

15

20

25

30

35

[00164] a polarization distribution unit, configured to perform polarization distribution on the
W sixth symbol data streams, to obtain the W first dual-polarization symbol data streams.

[00165] In a possible implementation, every S; X M/W consecutive symbols in the sixth
symbol data stream are from the M eleventh symbol data streams, and a quantity of symbols
that belong to each of the M eleventh symbol data streams in every S; X M/W consecutive
symbols in the sixth symbol data stream is the same, where S; is a positive integer, and
S; X M is an integer multiple of W.

[00166] In a possible implementation, the first data processing unit includes:

[00167] a symbol mapping unit, configured to perform symbol mapping processing on each of
the M first encoded data streams, to obtain M eleventh symbol data streams;

[00168] a polarization distribution unit, configured to perform polarization distribution on each
of the eleventh symbol data streams, to obtain M seventh dual-polarization symbol data
streams; and

[00169] a distribution processing unit, configured to perform distribution processing on the M
seventh dual-polarization symbol data streams, to obtain the W first dual-polarization
symbol data streams.

[00170] In a possible implementation, M=4, and W=2; M=2, and W=2; or M=4, and W=4.

[00171] In a possible implementation, the FEC encoding processing unit includes 2M (namely,
2 X M) FEC encoding units (which are also referred to as FEC encoders) and M interleaving
units (which are also referred to as interleavers).

[00172] The 2M FEC encoding units perform FEC encoding on the to-be-sent bit data stream
in parallel, to obtain 2M fifth encoded data streams, where bit sequences in the to-be-sent
bit data stream enter the 2M FEC encoding units in a round-robin fashion, each FEC
encoding unit is configured to perform FEC encoding on each bit sequence in the to-be-sent
bit data stream, and each bit sequence includes a plurality of bits.

[00173]  Each of the M interleaving units is configured to perform interleaving processing on
two fifth encoded data streams, to obtain the M first encoded data streams.

[00174] According to a fourth aspect, an embodiment of this application provides a data
processing method in optical communication. The method includes:

[00175] a second data processing unit, configured to: obtain W first dual-polarization symbol
data streams, where W is an integer greater than 1, each of the W first dual-polarization
symbol data streams is located in two orthogonal polarization directions; and perform
second data processing on the W first dual-polarization symbol data streams, to obtain M
first encoded data streams, where

[00176] M is an integer greater than 1, the second data processing includes symbol demapping
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processing, and q X P bits obtained by performing symbol demapping processing on P
consecutive symbols in the first dual-polarization symbol data stream are distributed into at
least two of the M first encoded data streams in either polarization direction, where P is an
integer greater than 1, and q is a positive integer; and in either polarization direction, q bits
are obtained by performing symbol mapping processing on each symbol; and

[00177] an FEC decoding processing unit, configured to perform FEC decoding processing on
the M first encoded data streams, to obtain a to-be-received bit data stream.

[00178] In a possible implementation, the apparatus further includes: a receiving unit,
configured to receive W second dual-polarization symbol data streams from a transmitter
device via W optical signals with different wavelengths or through W optical fibers; and

[00179] a receiver DSP deframing unit, configured to perform receiver data signal processing
DSP on each of the W second dual-polarization symbol data streams, to obtain the W first
dual-polarization symbol data streams.

[00180] In a possible implementation, P=M, the q X P bits are distributed into the M first
encoded data streams, and every q bits in the q X P bits are distributed into one of the M
first encoded data streams.

[00181] In a possible implementation, in either polarization direction, the q bits obtained by
performing symbol demapping processing on each symbol are distributed into a same first
encoded data stream.

[00182] In a possible implementation, M consecutive dual-polarization symbols in the first
dual-polarization symbol data stream totally include 2 X M symbols in the two
polarization directions, 2 X q X M bits are obtained by performing symbol demapping on
the 2 X M symbols, and the 2 X q X M bits are distributed into the M first encoded data
streams; and 2 X q bits obtained by performing symbol demapping on two symbols
totally included in each dual-polarization symbol in the two polarization directions are
distributed into a same first encoded data stream.

[00183] In a possible implementation, the second data processing unit includes:

[00184] a polarization combining unit, configured to perform polarization combining on each
of the W first dual-polarization symbol data streams, to obtain W first symbol data streams;

[00185] asymbol demapping unit, configured to perform symbol demapping on each of the W
first symbol data streams, to obtain W third encoded data streams;

[00186] a merging processing unit, configured to perform merging processing on the W third
encoded data streams, to obtain a second encoded data stream; and

[00187] a bit distribution unit, configured to distribute the second encoded data stream into the

M first encoded data streams.
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[00188] In apossible implementation, every M consecutive bit sets in the second encoded data
stream are distributed into the M first encoded data streams, and each of the M bit sets
includes S, consecutive bits that belong to a same first encoded data stream, where S, is
a positive integer; and every L; consecutive bits in the second encoded data stream are
from a same third encoded data stream, where L, isapositive integer, and L; is an integer
multiple of S, X M/W.

[00189] In a possible implementation, L; = Sy X M, every L; consecutive bits in the third
encoded data stream include the M bit sets, and the M bit sets are distributed into the M first
encoded data streams.

[00190] In a possible implementation, the second data processing unit includes:

[00191] a polarization combining unit, configured to perform polarization combining on the W
first dual-polarization symbol data streams, to obtain W third symbol data streams;

[00192] a merging processing unit, configured to merge the W third symbol data streams, to
obtain a second symbol data stream;

[00193] asymbol demapping unit, configured to perform symbol demapping processing on the
second symbol data stream, to obtain a second encoded data stream; and

[00194] a bit distribution unit, configured to distribute the second encoded data stream into the
M first encoded data streams.

[00195] In a possible implementation, every M consecutive bit sets in the second encoded data
stream are distributed into the M first encoded data streams, and S, consecutive bits
included in each of the M bit sets are distributed into a same first encoded data stream,
where S, is a positive integer; and L, X 2 X q bits are obtained by performing symbol
demapping processing on every 2 X L, consecutive symbols in the third symbol data
stream, and the L, X 2 X q bits are distributed into the M first encoded data streams, where
L, is a positive integer, and L, is an integer multiple of Sy X M/(W X q).

[00196] Ina possible implementation, L, = S, X M/q, and the L, X 2 X q bits include the M
bit sets that enter the M first encoded data streams.

[00197] In apossible implementation, the second data processing unit includes:

[00198] a merging processing unit, configured to perform merging processing on the W first
dual-polarization symbol data streams, to obtain a third dual-polarization symbol data
stream;

[00199] a polarization combining unit, configured to perform polarization combining on the
third dual-polarization symbol data stream, to obtain a second symbol data stream;

[00200] a symbol demapping unit, configured to perform symbol demapping processing on the
second symbol data stream, to obtain a second encoded data stream; and
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[00201] a bit distribution unit, configured to distribute the second encoded data stream into the
M first encoded data streams.

[00202] In a possible implementation, every M consecutive bit sets in the second encoded data
stream are distributed into the M first encoded data streams, and each of the M bit sets
includes S, consecutive bits that enter a same first encoded data stream, where S, is a
positive integer, and P is an integer multiple of So X M/(W X 2 X q).

[00203] In a possible implementation, Sy = 2 X q.

[00204] In a possible implementation, the second data processing unit includes:

[00205] a polarization combining unit, configured to perform polarization combining on the W
first dual-polarization symbol data streams, to obtain W fourth symbol data streams;
[00206] a symbol demapping unit, configured to perform symbol demapping processing on the

W fourth symbol data streams, to obtain W fourth encoded data streams; and

[00207]  a bit distribution unit, configured to distribute the W fourth encoded data streams into
the M first encoded data streams.

[00208] In a possible implementation, every S; X M/W consecutive bits in the fourth encoded
data stream are distributed into the M first encoded data streams, and a quantity of bits that
enter each of the M first encoded data streams in every S; X M/W consecutive bits in the
third encoded data stream is the same, where S; is a positive integer, and S; X M is an
integer multiple of W.

[00209] In a possible implementation, S; = 2 X q X W, every 2 X q X M consecutive bits in
the third encoded data stream include M bit sets, the M bit sets are distributed into different
first encoded data streams, and each of the M bit sets includes 2 X q consecutive bits that
are distributed into a same first encoded data stream.

[00210] In a possible implementation, the second data processing unit includes:

[00211] a polarization combining unit, configured to perform polarization combining on the W
first dual-polarization symbol data streams, to obtain W sixth symbol data streams;

[00212] a merging processing unit, configured to merge the W sixth symbol data streams, to
obtain a fifth symbol data stream; and

[00213]  a symbol demapping unit, configured to perform symbol demapping processing on the
fifth symbol data stream, to obtain the M first encoded data streams.

[00214] In a possible implementation, 2 X P X q bits are obtained by performing symbol
demapping processing on every 2 X P consecutive symbols in the fifth symbol data stream,
and the 2 X P X q bits are distributed into at least two of the M first encoded data streams;
and every 2 X P X Z/W consecutive symbols in the 2 X P X Z consecutive symbols in the
fifth symbol data stream are from a same sixth symbol data stream, where 2 X P X Z is an
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integer multiple of W, and Z is a positive integer.

[00215] In apossible implementation, the second data processing unit includes:

[00216] a merging processing unit, configured to perform merging processing on the W first
dual-polarization symbol data streams, to obtain a fourth dual-polarization symbol data
stream;

[00217] a polarization combining unit, configured to perform polarization combining on the
fourth dual-polarization symbol data stream, to obtain a fifth symbol data stream; and
[00218] asymbol demapping unit, configured to perform symbol demapping processing on the

fifth symbol data stream, to obtain the M first encoded data streams.

[00219] In a possible implementation, 2 X P X q bits are obtained by performing symbol
demapping processing on every P consecutive dual-polarization symbols in the fourth
dual-polarization symbol data stream, and the 2 X P X q bits are distributed into at least
two of the M first encoded data streams; and every P X Z/W consecutive symbols in the
P X Z consecutive dual-polarization symbols in the fourth dual-polarization symbol data
stream are from a same first dual-polarization symbol data stream, where 2 X P X Z is an
integer multiple of W, and Z is a positive integer.

[00220] In a possible implementation, the second data processing unit includes:

[00221] apolarization combining unit, configured to perform polarization combining on the W
first dual-polarization symbol data streams, to obtain W sixth symbol data streams;

[00222] amerging processing unit, configured to distribute the W sixth symbol data streams, to
obtain M first symbol data streams; and

[00223] a symbol demapping unit, configured to perform symbol demapping processing on
each of the M first symbol data streams, to obtain the M first encoded data streams.

[00224] In a possible implementation, every S; X M/W consecutive symbols in the sixth
symbol data stream are distributed into M eleventh symbol data streams, and a quantity of
symbols that enter each of the M eleventh symbol data streams in every S; X M/W
consecutive symbols in the sixth symbol data stream is the same, where S; is a positive
integer, and S; X M is an integer multiple of W.

[00225] In apossible implementation, the second data processing unit includes:

[00226] a merging processing unit, configured to perform merging processing on the W first
dual-polarization symbol data streams, to obtain M seventh dual-polarization symbol data
streams;

[00227] a polarization combining unit, configured to perform polarization combining on each
of the M seventh dual-polarization symbol data streams, to obtain M eleventh symbol data
streams; and
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[00228] a symbol demapping unit, configured to perform symbol demapping processing on
each of the M eleventh symbol data streams, to obtain the M first encoded data streams.

[00229]  In a possible implementation, M=4, and W=2; M=2, and W=2; or M=4, and W=4.

[00230] In a possible implementation, the FEC decoding processing unit includes:

[00231] M de-interleaving units, configured to perform de-interleaving processing on the M
first encoded data streams, to obtain 2xM fifth encoded data streams; and

[00232] 2M FEC decoding units, configured to perform FEC decoding on the 2xM fifth
encoded data streams in parallel, to obtain the to-be-sent bit data stream, where

[00233] every 2xM consecutive bit sequences in the bit data stream are from the 2xM fifth
encoded data streams, and a plurality of bits included in each of the 2xM bit sequences are
from a same fifth encoded data stream.

[00234]  According to a fifth aspect, an embodiment of this application provides a data
processing method in optical communication. The method includes: obtaining a to-be-sent
bit data stream; performing forward error correction FEC encoding processing on the to-be-
sent bit data stream, to obtain M first encoded data streams, where M is an integer greater
than 1; and performing third data processing on the M first encoded data streams, to obtain
W second dual-polarization symbol data streams, where W is an integer greater than 1; each
of the W second dual-polarization symbol data streams is located in two orthogonal
polarization directions; the third data processing includes digital signal processing DSP
framing processing and symbol mapping processing; in either of the two polarization
directions, P consecutive symbols other than a first symbol sequence in the second dual-
polarization symbol data stream are obtained by performing symbol mapping processing on
g X P bits, the first symbol sequence includes one or more of a pilot symbol, a frame
alignment word, a training symbol, or a reserved symbol, and the q X P bits are from at
least two of the M first encoded data streams, where P is an integer greater than 1, and q is
a positive integer; and in either polarization direction, each symbol is obtained by
performing symbol mapping processing on q bits.

[00235]  In this embodiment of this application, a data stream is distributed, so that bits obtained
through the FEC encoding processing are relatively evenly distributed in different data
streams, for example, on optical signals with different wavelengths and in different
polarization directions, or on different optical fibers and in different polarization directions.
In a distribution manner, parallel transmission of the data streams is performed, and a
transmission rate can be improved. In addition, because the bits obtained through the FEC
encoding processing are relatively evenly distributed in the different data streams, decoding

errors of a receiver are relatively evenly distributed on a plurality of paths of FEC decoding
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processing, so that codec performance can be improved.

[00236] the first symbol sequence is obtained by performing symbol mapping processing on a
fixed bit sequence added in the DSP framing processing.

[00237] In apossible implementation, the method further includes:

[00238] carrying the W second dual-polarization symbol data streams on W paths of optical
signals respectively, and sending the W second dual-polarization symbol data streams,
where wavelengths of the W paths of optical signals are all different; sending the W second
dual-polarization symbol data streams through W optical fibers respectively; or carrying the
W second dual-polarization symbol data streams on W subcarriers respectively, performing
digital subcarrier multiplexing to obtain one signal stream, and sending the signal stream.

[00239] In a possible implementation, P=M, the q X P bits are from the M first encoded data
streams, and every q bits inthe q X P bits are from one of the M first encoded data streams.

[00240] In a possible implementation, in either polarization direction, q bits that are mapped to
one symbol through the symbol mapping processing are from a same first encoded data
stream.

[00241] Inapossible implementation, M consecutive dual-polarization symbols other than the
first symbol sequence in the second dual-polarization symbol data stream totally include
2 XM symbols in the two polarization directions, the 2 X M symbols are obtained by
performing symbol mapping on 2 X q X M bits, and the 2 X q X M bits are from the M
first encoded data streams; and two symbols totally included in each dual-polarization
symbol in the two polarization directions are obtained by performing symbol mapping on
2 X q bits that belong to a same first encoded data stream.

[00242] In a possible implementation, performing third data processing on the M first encoded
data streams, to obtain the W second dual-polarization symbol data streams includes:

[00243] merging the M first encoded data streams into a second encoded data stream;

[00244] performing distribution processing on the second encoded data stream, to obtain W
third encoded data streams;

[00245] performing DSP framing processing on each of the W third encoded data streams, to
obtain W eighth encoded data streams; and

[00246] performing polarization distribution and symbol mapping on each of the W eighth
encoded data streams, to obtain the W second dual-polarization symbol data streams.

[00247] In apossible implementation, every M consecutive bit sets in the second encoded data
stream are from the M first encoded data streams, and each of the M bit sets includes S,
consecutive bits from a same first encoded data stream, where S, is a positive integer; and
every L; consecutive bits in the second encoded data stream are distributed into one third
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encoded data stream, where L, is a positive integer, and L; is an integer multiple of
So X M/W.

[00248] Inapossible implementation, L; = S, X M, and every L; consecutive bits in the third
encoded data stream include the M bit sets from the M first encoded data streams.

[00249] In a possible implementation, performing third data processing on the M first encoded
data streams, to obtain the W second dual-polarization symbol data streams includes:

[00250] distributing the M first encoded data streams into W fourth encoded data streams;

[00251] performing DSP framing processing on each of the W fourth encoded data streams, to
obtain W ninth encoded data streams; and

[00252] performing polarization distribution and symbol mapping on each of the W ninth
encoded data streams, to obtain the W second dual-polarization symbol data streams.

[00253] In a possible implementation, every S; X M/W consecutive bits in the fourth encoded
data stream are from the M first encoded data streams, and a quantity of bits that belong to
each of the M first encoded data streams in every S; X M/W consecutive bits in the fourth
encoded data stream is the same, where S; is a positive integer, and S; X M is an integer
multiple of W.

[00254] In a possible implementation, S; = 2 X q X W, every 2 X q X M consecutive bits in
the fourth encoded data stream include M bit sets, the M bit sets are from different first
encoded data streams, and each of the M bit sets includes 2 X q consecutive bits that
belong to a same first encoded data stream.

[00255] In a possible implementation, M=4, and W=2; M=2, and W=2; or M=4, and W=4.

[00256] In a possible implementation, performing FEC encoding processing on the to-be-sent
bit data stream, to obtain the M first encoded data streams includes:

[00257] performing FEC encoding on every 2xM bit sequences in the to-be-sent bit data stream
in parallel, to obtain 2xM fifth encoded data streams, where each of the 2xM bit sequences
includes a plurality of bits; and

[00258] performing interleaving processing on every two fifth encoded data streams in the 2xM
fifth encoded data streams, to obtain the M first encoded data streams.

[00259] According to a sixth aspect, an embodiment of this application provides a data
processing method in optical communication. The method includes:

[00260] obtaining W second dual-polarization symbol data streams, where W is an integer
greater than 1, each of the W second dual-polarization symbol data streams is located in two
orthogonal polarization directions;

[00261] performing fourth data processing on the W second dual-polarization symbol data

streams, to obtain M first encoded data streams, where
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[00262] M is an integer greater than 1; the fourth data processing includes receiver DSP
processing and symbol demapping processing, and q X P bits obtained by performing
symbol demapping processing on P consecutive symbols other than a first symbol sequence
in the second dual-polarization symbol data stream are distributed into at least two of the M
first encoded data streams in either polarization direction; the first symbol sequence includes
one or more of a pilot symbol, a frame alignment word, a training symbol, or a reserved
symbol, P is an integer greater than 1, and q is a positive integer; and in either polarization
direction, q bits are obtained by performing symbol mapping processing on each symbol;
and

[00263] performing FEC decoding processing on the M first encoded data streams, to obtain a
to-be-received bit data stream.

[00264] In a possible implementation, obtaining the W second dual-polarization symbol data
streams includes:

[00265] receiving the W second dual-polarization symbol data streams from a transmitter
device via W optical signals with different wavelengths or through W optical fibers; or
demultiplexing one path of received signals to obtain W subcarriers, to obtain the W second
dual-polarization symbol data streams from a transmitter device.

[00266] In a possible implementation, P=M, the q X P bits are distributed into the M first
encoded data streams, and every q bits in the q X P bits are distributed into one of the M
first encoded data streams.

[00267] In a possible implementation, in either polarization direction, the q bits obtained by
performing symbol demapping processing on each symbol are distributed into a same first
encoded data stream.

[00268] Inapossible implementation, M consecutive dual-polarization symbols other than the
first symbol sequence in the second dual-polarization symbol data stream totally include
2 X M symbols in the two polarization directions, 2 X M bits are obtained by performing
symbol demapping onthe 2 X q X M symbols, andthe 2 X q X M bits are distributed into
the M first encoded data streams; and 2 X q bits obtained by performing symbol
demapping on two symbols totally included in each dual-polarization symbol in the two
polarization directions are distributed into a same first encoded data stream.

[00269] Inapossible implementation, performing fourth data processing on the W second dual-
polarization symbol data streams, to obtain the M first encoded data streams includes:

[00270] performing polarization combining and symbol demapping on the W second dual-
polarization symbol data streams, to obtain W eighth encoded data streams;

[00271]  performing receiver DSP processing on each of the W eighth encoded data streams, to
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obtain W third encoded data streams;

[00272] merging the W third encoded data streams, to obtain a second encoded data stream; and

[00273] distributing the second encoded data stream into the M first encoded data streams.

[00274] In apossible implementation, every M consecutive bit sets in the second encoded data
stream are distributed into the M first encoded data streams, and each of the M bit sets
includes S, consecutive bits that belong to a same first encoded data stream, where S, is
a positive integer; and every L; consecutive bits in the second encoded data stream are
from a same third encoded data stream, where L, isapositive integer, and L; is an integer
multiple of Sy X M/W.

[00275] In a possible implementation, L; = Sy X M, every L; consecutive bits in the third
encoded data stream include the M bit sets, and the M bit sets are distributed into the M first
encoded data streams.

[00276] Inapossible implementation, performing fourth data processing on the W second dual-
polarization symbol data streams, to obtain the M first encoded data streams includes:

[00277] performing polarization combining and symbol demapping on the W second dual-
polarization symbol data streams, to obtain W ninth encoded data streams;

[00278] performing receiver DSP processing on each of the W ninth encoded data streams, to
obtain W fourth encoded data streams; and

[00279]  distributing the W fourth encoded data streams into the M first encoded data streams.

[00280] In a possible implementation, every S; X M/W consecutive bits in the fourth encoded
data stream are distributed into the M first encoded data streams, and a quantity of bits that
enter each of the M first encoded data streams in every S; X M/W consecutive bits in the
third encoded data stream is the same, where S; is a positive integer, and S; X M is an
integer multiple of W.

[00281] In a possible implementation, S; = 2 X q X W, every 2 X q X M consecutive bits in
the third encoded data stream include M bit sets, the M bit sets are distributed into different
first encoded data streams, and each of the M bit sets includes 2 X q consecutive bits that
are distributed into a same first encoded data stream.

[00282] In a possible implementation, M=4, and W=2; M=2, and W=2; or M=4, and W=4.

[00283] In a possible implementation, performing FEC decoding processing on the M first
encoded data streams, to obtain the to-be-received bit data stream includes:

[00284] performing de-interleaving processing on the M first encoded data streams, to obtain
2xM fifth encoded data streams; and

[00285] performing FEC decoding processing on the 2xM fifth encoded data streams in parallel,
to obtain the to-be-sent bit data stream, where
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[00286] every 2xM consecutive bit sequences in the bit data stream are from the 2xM fifth
encoded data streams, and a plurality of bits included in each of the 2xM bit sequences are
from a same fifth encoded data stream.

[00287] According to a seventh aspect, an embodiment of this application provides a data
processing apparatus in optical communication. The apparatus includes:

[00288] an FEC encoding processing unit, configured to obtain a to-be-sent bit data stream; and
perform forward error correction FEC encoding processing on the to-be-sent bit data stream,
to obtain M first encoded data streams, where M is an integer greater than 1; and

[00289] a third data processing unit, configured to perform third data processing on the M first
encoded data streams, to obtain W second dual-polarization symbol data streams, where W
is an integer greater than 1; each of the W second dual-polarization symbol data streams is
located in two orthogonal polarization directions; the third data processing includes digital
signal processing DSP framing processing and symbol mapping processing; in either of the
two polarization directions, P consecutive symbols other than a first symbol sequence in the
second dual-polarization symbol data stream are obtained by performing symbol mapping
processing on q X P bits, the first symbol sequence includes one or more of a pilot symbol,
a frame alignment word, a training symbol, or a reserved symbol, and the q X P bits are
from at least two of the M first encoded data streams, where P is an integer greater than 1,
and q is a positive integer; and in either polarization direction, each symbol is obtained by
performing symbol mapping processing on q bits.

[00290] In a possible implementation, the apparatus further includes:

[00291] asending unit, configured to: carry the W second dual-polarization symbol data streams
on W paths of optical signals respectively, and send the W second dual-polarization symbol
data streams, where wavelengths of the W paths of optical signals are all different; send the
W second dual-polarization symbol data streams through W optical fibers respectively; or
carry the W second dual-polarization symbol data streams on W subcarriers respectively,
perform digital subcarrier multiplexing to obtain one signal stream, and send the signal
stream.

[00292] In a possible implementation, P=M, the q X P bits are from the M first encoded data
streams, and every q bits in the q X P bits are from one of the M first encoded data streams.

[00293] In apossible implementation, in either polarization direction, q bits that are mapped to
one symbol through the symbol mapping processing are from a same first encoded data
stream.

[00294] Inapossible implementation, M consecutive dual-polarization symbols other than the

first symbol sequence in the second dual-polarization symbol data stream totally include
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2 X M symbols in the two polarization directions, the 2 X M symbols are obtained by
performing symbol mapping on 2 X q X M bits, and the 2 X ¢ X M bits are from the M
first encoded data streams; and two symbols totally included in each dual-polarization
symbol in the two polarization directions are obtained by performing symbol mapping on
2 X q bits that belong to a same first encoded data stream.

[00295] In a possible implementation, the third data processing unit includes:

[00296]  amerging unit (which is also referred to as a bit group merging unit, a bit merging unit,
or the like), configured to merge the M first encoded data streams into a second encoded
data stream;

[00297] a distribution processing unit (which is also referred to as a wavelength distribution
unit), configured to perform distribution processing on the second encoded data stream, to
obtain W third encoded data streams;

[00298] a DSP framing processing unit (which is also referred to as a DSP framing unit),
configured to perform DSP framing processing on each of the W third encoded data streams,
to obtain W eighth encoded data streams; and

[00299] a distribution and mapping unit, configured to perform polarization distribution and
symbol mapping on each of the W eighth encoded data streams, to obtain the W second
dual-polarization symbol data streams.

[00300] The distribution and mapping unit may include a polarization distribution unit and a
symbol mapping unit. Polarization distribution may be performed before the symbol
mapping, or symbol mapping may be performed before the polarization distribution.

[00301] In a possible implementation, every M consecutive bit sets in the second encoded data
stream are from the M first encoded data streams, and each of the M bit sets includes S,
consecutive bits from a same first encoded data stream, where S is a positive integer; and
every L; consecutive bits in the second encoded data stream are distributed into one third
encoded data stream, where L; is a positive integer, and L; is an integer multiple of
So X M/W.

[00302] Inapossible implementation, L; = S, X M, and every L; consecutive bits in the third
encoded data stream include the M bit sets from the M first encoded data streams.

[00303] In a possible implementation, the third data processing unit includes:

[00304] adistribution processing unit, configured to distribute the M first encoded data streams
into W fourth encoded data streams;

[00305] a DSP framing unit, configured to perform DSP framing processing on each of the W
fourth encoded data streams, to obtain W ninth encoded data streams; and

[00306] a distribution and mapping unit, configured to perform polarization distribution and

32



10

15

20

25

30

35

symbol mapping on each of the W ninth encoded data streams, to obtain the W second dual-
polarization symbol data streams.

[00307] In a possible implementation, every S; X M/W consecutive bits in the fourth encoded
data stream are from the M first encoded data streams, and a quantity of bits that belong to
each of the M first encoded data streams in every S; X M/W consecutive bits in the fourth
encoded data stream is the same, where S; is a positive integer, and S; X M is an integer
multiple of W.

[00308] In a possible implementation, S; = 2 X q X W, every 2 X q X M consecutive bits in
the fourth encoded data stream include M bit sets, the M bit sets are from different first
encoded data streams, and each of the M bit sets includes 2 X q consecutive bits that
belong to a same first encoded data stream.

[00309] In a possible implementation, M=4, and W=2; M=2, and W=2; or M=4, and W=4.

[00310] In a possible implementation, the FEC encoding processing unit includes 2M FEC
encoding units (which are also referred to as FEC encoders) and M interleaving units (which
are also referred to as interleavers).

[00311] The 2M FEC encoding units perform FEC encoding on every 2xM bit sequences in the
to-be-sent bit data stream in parallel, to obtain 2xM fifth encoded data streams, where each
of the 2xM bit sequences includes a plurality of bits.

[00312] The M interleaving units perform interleaving processing on every two fifth encoded
data streams in the 2xM fifth encoded data streams, to obtain the M first encoded data
streams.

[00313] According to an eighth aspect, an embodiment of this application provides a data
processing apparatus in optical communication. The apparatus includes:

[00314] a fourth data processing unit, configured to: obtain W second dual-polarization symbol
data streams, where W is an integer greater than 1, each of the W second dual-polarization
symbol data streams is located in two orthogonal polarization directions; and perform fourth
data processing on the W second dual-polarization symbol data streams, to obtain M first
encoded data streams, where

[00315] M is an integer greater than 1; the fourth data processing includes receiver DSP
processing and symbol demapping processing, and q X P bits obtained by performing
symbol demapping processing on P consecutive symbols other than a first symbol sequence
in the second dual-polarization symbol data stream are distributed into at least two of the M
first encoded data streams in either polarization direction; the first symbol sequence includes
one or more of a pilot symbol, a frame alignment word, a training symbol, or a reserved

symbol, P is an integer greater than 1, and q is a positive integer; and in either polarization
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direction, q bits are obtained by performing symbol mapping processing on each symbol;
and

[00316] an FEC decoding processing unit, configured to perform FEC decoding processing on
the M first encoded data streams, to obtain a to-be-received bit data stream.

[00317] In a possible implementation, a receiving unit is configured to receive the W second
dual-polarization symbol data streams from a transmitter device via W optical signals with
different wavelengths or through W optical fibers; or demultiplex one path of received
signals to obtain W subcarriers, to obtain the W second dual-polarization symbol data
streams from a transmitter device.

[00318] In a possible implementation, P=M, the q X P bits are distributed into the M first
encoded data streams, and every q bits in the q X P bits are distributed into one of the M
first encoded data streams.

[00319] In a possible implementation, in either polarization direction, the q bits obtained by
performing symbol demapping processing on each symbol are distributed into a same first
encoded data stream.

[00320] Inapossible implementation, M consecutive dual-polarization symbols other than the
first symbol sequence in the second dual-polarization symbol data stream totally include
2 X M symbols in the two polarization directions, 2 X M bits are obtained by performing
symbol demappingonthe 2 X q X M symbols, and the 2 X q X M bits are distributed into
the M first encoded data streams; and 2 X q bits obtained by performing symbol
demapping on two symbols totally included in each dual-polarization symbol in the two
polarization directions are distributed into a same first encoded data stream.

[00321] In apossible implementation, the fourth data processing unit includes:

[00322] a merging and demapping unit, configured to perform polarization combining and
symbol demapping on the W second dual-polarization symbol data streams, to obtain W
eighth encoded data streams; and

[00323] areceiver DSP deframing unit, configured to: perform receiver DSP processing on each
of the W eighth encoded data streams, to obtain W third encoded data streams, where

[00324] the W third encoded data streams are merged, to obtain a second encoded data stream;
and

[00325] the second encoded data stream is distributed into the M first encoded data streams.

[00326] In a possible implementation, every M consecutive bit sets in the second encoded data
stream are distributed into the M first encoded data streams, and each of the M bit sets
includes S, consecutive bits that belong to a same first encoded data stream, where S, is
a positive integer; and every L; consecutive bits in the second encoded data stream are
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from a same third encoded data stream, where L; is a positive integer, and L; is an integer
multiple of Sy X M/W.

[00327] In a possible implementation, L; = Sy X M, every L; consecutive bits in the third
encoded data stream include the M bit sets, and the M bit sets are distributed into the M first
encoded data streams.

[00328] In a possible implementation, the fourth data processing unit includes:

[00329] a merging and demapping unit, configured to perform polarization combining and
symbol demapping on the W second dual-polarization symbol data streams, to obtain W
ninth encoded data streams;

[00330] areceiver DSP deframing unit, configured to perform receiver DSP processing on each
of the W ninth encoded data streams, to obtain W fourth encoded data streams; and

[00331] a merging processing unit, configured to distribute the W fourth encoded data streams
into the M first encoded data streams.

[00332] In a possible implementation, every S; X M/W consecutive bits in the fourth encoded
data stream are distributed into the M first encoded data streams, and a quantity of bits that
enter each of the M first encoded data streams in every S; X M/W consecutive bits in the
third encoded data stream is the same, where S; is a positive integer, and S; X M is an
integer multiple of W.

[00333] In a possible implementation, S; = 2 X q X W, every 2 X q X M consecutive bits in
the third encoded data stream include M bit sets, the M bit sets are distributed into different
first encoded data streams, and each of the M bit sets includes 2 X q consecutive bits that
are distributed into a same first encoded data stream.

[00334] In a possible implementation, M=4, and W=2; M=2, and W=2; or M=4, and W=4.

[00335] In apossible implementation, the FEC decoding processing unit includes:

[00336] M de-interleaving units, configured to perform de-interleaving processing on the M
first encoded data streams, to obtain 2xM fifth encoded data streams; and

[00337] 2M FEC decoding units, configured to perform FEC decoding processing on the 2xM
fifth encoded data streams in parallel, to obtain the to-be-sent bit data stream, where every
2xM consecutive bit sequences in the bit data stream are from the 2xM fifth encoded data
streams, and a plurality of bits included in each of the 2xM bit sequences are from a same
fifth encoded data stream.

[00338] According to a ninth aspect, a data processing apparatus is provided. The data
processing apparatus may be a transmitter device or a receiver device in an optical
communication network, or may be a part of the transmitter device or a part of the receiver
device (for example, a circuit or a chip), and includes a processor, a memory, and a
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communication interface. The processor, the memory, and the communication interface are
connected to each other. The communication interface is configured to receive and send
data, the memory is configured to store a program, and the processor is configured to invoke
the program stored in the memory. When the program is executed by a computer, the
5 computer is enabled to perform the data processing method according to any one the first
aspect or the possible implementations of the first aspect, the data processing method
according to any one the second aspect or the possible implementations of the second aspect,
the data processing method according to any one the fifth aspect or the possible
implementations of the fifth aspect, or the data processing method according to any one the

10 sixth aspect or the possible implementations of the sixth aspect. The processor and the
memory may be physically independent units, or the memory may be integrated with the
processor.

[00339]  According to a tenth aspect, a computer-readable medium is provided. The computer-
readable medium stores instructions. When the instructions are run on a computer, the

15 computer is enabled to perform the data processing method according to any one the first
aspect or the possible implementations of the first aspect, the data processing method
according to any one the second aspect or the possible implementations of the second aspect,
the data processing method according to any one the fifth aspect or the possible
implementations of the fifth aspect, or the data processing method according to any one the

20 sixth aspect or the possible implementations of the sixth aspect.

[00340] According to an eleventh aspect, a computer program product is provided. The
computer program product includes computer program code. When the computer program
code is run on a computer, the computer is enabled to perform the data processing method
according to any one the first aspect or the possible implementations of the first aspect, the

25 data processing method according to any one the second aspect or the possible
implementations of the second aspect, the data processing method according to any one the
fifth aspect or the possible implementations of the fifth aspect, or the data processing
method according to any one the sixth aspect or the possible implementations of the sixth
aspect.

30  [00341] According to a twelfth aspect, a chip is provided. The chip includes a processor and a
communication interface. The processor is coupled to the communication interface, and is
configured to implement the data processing method according to any one of the first aspect
or the optional implementations of the first aspect, the data processing method according to
any one the second aspect or the possible implementations of the second aspect, the data

35 processing method according to any one the fifth aspect or the possible implementations of
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the fifth aspect, or the data processing method according to any one the sixth aspect or the

possible implementations of the sixth aspect.

BRIEF DESCRIPTION OF DRAWINGS

[00342] FIG. 1 is a diagram of an architecture of an optical communication system to which
this application is applicable;

[00343] FIG. 2 is a schematic flowchart of a data processing method on a transmitter side
according to an embodiment of this application;

[00344] FIG. 3 is a schematic flowchart of another data processing method on a transmitter side
according to an embodiment of this application;

[00345] FIG. 4 is a schematic flowchart of another data processing method on a receiver side
according to an embodiment of this application;

[00346] FIG. 5A is a schematic flowchart of a data sending method in a first implementation
according to an embodiment of this application;

[00347]  FIG. 5B is a schematic flowchart of a data receiving method in a first implementation
according to an embodiment of this application;

[00348] FIG. 6A is a schematic flowchart of a data sending method in a second implementation
according to an embodiment of this application;

[00349] FIG. 6B is a schematic flowchart of a data receiving method in a second
implementation according to an embodiment of this application;

[00350] FIG. 7A is a schematic flowchart of a data sending method in a third implementation
according to an embodiment of this application;

[00351] FIG. 7B is a schematic flowchart of a data receiving method in a third implementation
according to an embodiment of this application;

[00352] FIG. 8A is a schematic flowchart of a data sending method in a fourth implementation
according to an embodiment of this application;

[00353] FIG. 8B is a schematic flowchart of a data receiving method in a fourth implementation
according to an embodiment of this application;

[00354] FIG. 9A is a schematic flowchart of a data sending method in a fifth implementation
according to an embodiment of this application;

[00355] FIG. 9B is a schematic flowchart of a data receiving method in a fifth implementation
according to an embodiment of this application;

[00356] FIG. 9C is a schematic flowchart of a data sending method in a fifth implementation

according to an embodiment of this application;
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[00357] FIG. 9D is a schematic flowchart of a data receiving method in a fifth implementation
according to an embodiment of this application;

[00358] FIG. 10A is a schematic flowchart of a data sending method in a sixth implementation
according to an embodiment of this application;

[00359] FIG. 10B is a schematic flowchart of a data receiving method in a sixth implementation
according to an embodiment of this application;

[00360] FIG. 10C is a schematic flowchart of a data sending method in a sixth implementation
according to an embodiment of this application;

[00361] FIG. 10D is a schematic flowchart of a data receiving method in a sixth implementation
according to an embodiment of this application;

[00362] FIG. 11A is a schematic flowchart of a data sending method in a seventh
implementation according to an embodiment of this application;

[00363] FIG. 11B is a schematic flowchart of a data receiving method in a seventh
implementation according to an embodiment of this application;

[00364] FIG. 12A is a schematic flowchart of a data sending method in an eighth
implementation according to an embodiment of this application;

[00365] FIG. 12B is a schematic flowchart of a data receiving method in an eighth
implementation according to an embodiment of this application;

[00366] FIG. 13A is a schematic flowchart of a data sending method in a ninth implementation
according to an embodiment of this application;

[00367] FIG. 13B is a schematic flowchart of a data receiving method in a ninth implementation
according to an embodiment of this application;

[00368] FIG. 14A is a schematic flowchart of a data sending method in a tenth implementation
according to an embodiment of this application;

[00369] FIG. 14B is a schematic flowchart of a data receiving method in a tenth implementation
according to an embodiment of this application;

[00370] FIG. 15A is a schematic flowchart of a data sending method in an eleventh
implementation according to an embodiment of this application;

[00371] FIG. 15B is a schematic flowchart of a data receiving method in an eleventh
implementation according to an embodiment of this application;

[00372] FIG. 16 is a diagram of an FEC encoding processing manner according to an
embodiment of this application;

[00373] FIG. 17 is a schematic flowchart of a data sending method in a scenario 1 according to
an embodiment of this application;

[00374] FIG. 18 is a diagram of an FEC encoding processing manner in a scenario 1 according
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to an embodiment of this application;

[00375] FIG. 19 is a diagram of a 1.6T data processing procedure in a scenario 1 according to
an embodiment of this application;

[00376] FIG. 20 is a schematic flowchart of a data sending method in a scenario 2 according to
an embodiment of this application;

[00377] FIG. 21 is a schematic flowchart of a data sending method in a scenario 3 according to
an embodiment of this application;

[00378] FIG. 22 is a schematic flowchart of a data sending method in a scenario 4 according to
an embodiment of this application;

[00379]  FIG. 23 is a schematic flowchart of another data processing method on a transmitter
side according to an embodiment of this application;

[00380] FIG. 24 is a schematic flowchart of another data processing method on a receiver side
according to an embodiment of this application;

[00381] FIG. 25A is a schematic flowchart of a data sending method in a twelfth implementation
according to an embodiment of this application;

[00382] FIG. 25B is a schematic flowchart of a data receiving method in a twelfth
implementation according to an embodiment of this application;

[00383] FIG. 26A is a schematic flowchart of a data sending method in a thirteenth
implementation according to an embodiment of this application;

[00384] FIG. 26B is a schematic flowchart of a data receiving method in a thirteenth
implementation according to an embodiment of this application;

[00385] FIG. 27 is a schematic flowchart of a data sending method in a scenario 5 according to
an embodiment of this application;

[00386] FIG. 28 is a diagram of a structure of a data processing apparatus according to an
embodiment of this application; and

[00387] FIG. 29 is a diagram of a structure of a chip according to an embodiment of this

application.

DESCRIPTION OF EMBODIMENTS

[00388] In the descriptions of this application, "a plurality of" means two or more than two
unless otherwise specified. In addition, "/" represents an "or" relationship between
associated objects. For example, A/B may represent A or B. "And/or" in this application
describes merely an association relationship between associated objects, and represents that

three relationships may exist. For example, A and/or B may represent the following three
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cases: Only A exists, both A and B exist, and only B exists, where A and B each may be
singular or plural. In addition, in embodiments of this application, terms such as "first" and
"second" are used to distinguish between same objects or similar objects whose functions
and purposes are basically the same, to clearly describe the technical solutions in
embodiments of this application. A person skilled in the art may understand that the terms
such as "first" and "second" do not limit a quantity or an execution order, and the terms such
as "first" and "second" do not indicate a definite difference. It should be further noted that,
unless otherwise specified, specific descriptions of some technical features in one
embodiment may also be applied to explanation of corresponding technical features
mentioned in another embodiment.

[00389] Before embodiments of this application are described in detail, application scenarios
of embodiments of this application are first described. This application may be applied to a
data center transmission scenario, for example, a data communication network (Data
Communication Network, DCN) scenario or a data center interconnect (Data Center
Interconnect, DCI) scenario. This application may alternatively be applied to a metro
telecommunication transmission scenario.

[00390] FIG. 1 is a diagram of a structure of a communication system to which an embodiment
of this application is applicable. The communication system includes a transmitter device
and a receiver device. For example, the transmitter device may include a source, an encoder,
and a transmitter signal processor. The receiver device may include a receiver signal
processor, a decoder, and a sink.

[00391] The transmitter device and the receiver device each may be a device like a switch or a
router. The transmitter device is also referred to as a host chip (host chip) on a transmitter.
The receiver device is also referred to as a host chip on a receiver.

[00392]  On the transmitter device, the source provides a to-be-sent bit data stream. The encoder
receives the bit data stream, and encodes the bit data stream. The encoder inputs, into the
transmitter signal processor for framing, codeword information obtained by merging a
parity bit and an information bit. The codeword information is transmitted to the receiver
device through a channel. After receiving a distorted signal generated due to noise or another
impairment on the channel, the receiver device sends the signal to the receiver signal
processor for dispersion compensation, synchronization, phase recovery, and other
operations. Then, the decoder performs decoding to recover original data, and sends the data
to the sink.

[00393] The sink is also referred to as the host chip on the receiver. The channel may also be

referred to as a channel transmission medium. For example, the channel may be an optical
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fiber. The encoder and the transmitter signal processor are deployed in one module (in other
words, chip or chip system). The module may be an optical module, an electrical module,
or another module that processes data in a data sending process. For example, the optical
module may be a coherent optical module. The decoder and the receiver signal processor
may also be deployed in one module. The module may be an optical module, an electrical
module, or another module that processes data in the data sending process. Alternatively,
the source, the encoder, and the transmitter signal processor may be deployed in one module.

No specific constraint is imposed in this application.

[00394] With service growth, the metro telecommunication transmission scenario, the DCN

scenario, and the DCI scenario have increasingly high requirements on transmission rates.
For example, at transmission rates such as 1.2 Tbps and 1.6 Tbps, corresponding baud rates
are approximately 180 Gbaud and 240 Gbaud when DP-16QAM modulation and a single-
wavelength transmission manner are used. At a same transmission rate, a higher baud rate
is needed when lower-order modulation like DP-QPSK is used; or a lower baud rate is
needed when higher-order modulation like DP-32QAM or DP-64QAM is used, but a
transmission distance is limited. A higher transmission rate needed in an optical transport
network usually correspondingly needs a higher baud rate, and corresponds to higher power
consumption of a device. Currently, there is no low-power-consumption device with a high
baud rate higher than 140 Gbaud. In the metro telecommunication transmission scenario
and the data center transmission scenario, low power consumption is usually required for
implementation. Therefore, a current data processing solution cannot be applicable to the
metro telecommunication transmission scenario, the DCN scenario, and the DCI scenario
in which the transmission rates exceed 800 Gbps (including 1.2 Tbps, 1.6 Tbps, and the
like).

[00395] Baud (Baud), also known as a modulation rate, refers to a rate of modulating a carrier

by using an effective data signal, namely, the number of carrier modulation state changes
per unit time. A baud rate indicates a quantity of symbols transported per unit time. It is a
measurement of a symbol transmission rate, and is expressed by using the number of carrier
modulation state changes per unit time. The baud rate refers to a quantity of symbols

transmitted per unit time.

[00396] Based on this, embodiments of this application provide a data processing method and

apparatus in optical communication, to provide a solution applicable to a scenario in which

a transmission rate is at least 800 Gbps.

[00397] The following describes in detail the solution provided in embodiments of this

application. The solution provided in embodiments of this application is first described from
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a perspective of a transmitter device.

[00398] FIG. 2 is a schematic flowchart of a data processing method in optical communication
according to an embodiment of this application. The method may be applied to a transmitter
device, for example, performed by the transmitter device or a module in the transmitter
device. The module in the transmitter device may be a chip or a chip system.

[00399]  201: Perform FEC encoding processing on one or more bit data streams, to obtain M
first encoded data streams, where M is an integer greater than 1.

[00400] For example, a host device in the transmitter device generates a to-be-sent bit data
stream. FEC encoding processing may be performed on the to-be-sent bit data stream in a
round-robin and parallel manner. For example, an M-path parallel manner may be used for
performing FEC encoding processing. FEC encoding processing (which may also be
referred to as FEC processing for short) is performed on each path. Refer to FIG. 3. The
FEC encoding processing is referred to as FEC encoding processing (which may also be
referred to as FEC processing for short) 0, FEC encoding processing 1, ..., and FEC
encoding processing M—1.

[00401] Insome possible scenarios, after the host device generates the to-be-sent bit data stream,
the to-be-sent bit data stream may be distributed into M bit data streams before the FEC
encoding processing. Then, FEC encoding processing is performed on each of the M bit
data streams.

[00402] In some other possible scenarios, after the host device generates the to-be-sent bit data
stream, the to-be-sent bit data stream is directly input, in a round-robin fashion, into M FEC
encoding processing units for FEC encoding processing.

[00403] In still some other possible scenarios, after the host device generates or obtains M to-
be-sent bit data streams, FEC encoding processing is performed on each of the M bit data
streams.

[00404] For example, a concatenated FEC (Concatenated FEC, CFEC) code, an open FEC
(open FEC, OFEC) code, a Bose—Chaudhuri-Hocquenghem (Bose—Chaudhuri—
Hocquenghem, BCH) code, or a Hamming (Hamming) code may be used for FEC encoding.
CFEC encoding may be an encoding manner in which a staircase (staircase) code and the
Hamming code are concatenated. Another FEC encoding manner may be alternatively used
for the FEC encoding. This is not specifically limited in embodiments of this application.

[00405] Insome possible implementations, each of the M paths of FEC encoding processing (0,
1, ..., or M—1) may include the FEC encoding and interleaving. Specifically, after FEC
encoding is performed, an encoded data stream is further input into an interleaver for

interleaving processing, to scramble a data order, thereby improving a burst resistance
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capability. In some possible implementations, each of the M paths of FEC encoding
processing (0, 1, ..., or M—1) may include a plurality of paths of FEC encoding, and a
plurality of encoded data streams obtained through the plurality of paths of FEC encoding
are input into an interleaver for interleaving processing, to obtain one first encoded data

stream.

[00406] In some other possible implementations, the M to-be-sent bit data streams obtained by

the host device are data streams obtained through encoding by using a KP4 RS (544,514)
code. In this case, a short linear block code, for example, the Hamming code or the BCH
code, may usually be used for the FEC encoding. The KP4 RS (544,514) code is referred to
as an outer code, the FEC encoding is referred to as an inner code, and a combination of the

KP4 RS (544,514) code and the FEC encoding is referred to as a concatenated code.

[00407]  202: Perform first data processing on the M first encoded data streams, to obtain W

first dual-polarization symbol data streams, where W is an integer greater than 1, and the W
first dual-polarization symbol data streams are first dual-polarization symbol data streams

0 to W-1.

[00408] It should be noted that the dual-polarization (dual-polarization, DP) symbol data stream

includes a dual-polarization symbol, and one dual-polarization symbol totally includes two
symbols in two polarization directions. The symbol herein is a symbol obtained through
symbol mapping processing, and may also be referred to as a modulation symbol. This is
not specifically limited in embodiments of this application. The two polarization directions
in embodiments of this application are orthogonal. The two polarization directions may be
represented as X-polarization and Y-polarization. The dual-polarization symbol includes
one symbol in the X-polarization direction and one symbol in the Y-polarization direction.
In some descriptions, the X polarization may alternatively be represented by using H
polarization, and the Y polarization may be represented by using V polarization. In
subsequent descriptions of this application, an example in which the two polarization

directions are X polarization and Y polarization is used.

[00409] In embodiments of this application, a dual-polarization symbol data stream may also

be referred to as a symbol data stream, a dual-polarization symbol stream, or a dual-
polarization stream. Certainly, another name may alternatively be used. This is not

specifically limited in embodiments of this application.

[00410] Each of the W first dual-polarization symbol data streams is located in the two

orthogonal polarization directions; the first data processing includes at least the symbol
mapping processing; in one polarization direction, P consecutive symbols in the first dual-

polarization symbol data stream are obtained by performing symbol mapping processing on
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g X P bits, and the q X P bits are from at least two of the M first encoded data streams,
where P is an integer greater than 1, and q is a positive integer; and in the polarization
direction, each symbol is obtained by performing symbol mapping processing on q bits.

[00411] It should be noted that the polarization direction in this embodiment of this application
is either of the two polarization directions.

[00412] In some possible implementations, P may satisfy P=M. In the polarization direction,
the P consecutive symbols in the first dual-polarization symbol data stream are obtained by
performing symbol mapping processing on the q X P bits. Further, the q X P bits are
from the M first encoded data streams, and every q bits in the q X P bits are from one of
the M first encoded data streams.

[00413] In some other possible implementations, P may satisfy P=M. Further, the q X P bits
are from the M first encoded data streams, and every 2xq bits in the q X P bits are from
one of the M first encoded data streams.

[00414] In still another possible implementation, P may satisfy P=M. The q X P bits are from
the M first encoded data streams, and every q bits in the q X P bits are from one of the M
first encoded data streams. In addition, in the polarization direction, q bits that are mapped
to one symbol through the symbol mapping processing are from a same first encoded data
stream.

[00415] In still another possible implementation, M consecutive dual-polarization symbols in
the first dual-polarization symbol data stream totally include 2 X M symbols in the two
polarization directions, the 2 X M symbols are obtained by performing symbol mapping
on 2XqXM bits,and the 2 X q X M bits are from the M first encoded data streams; and
two symbols totally included in each dual-polarization symbol in the two polarization
directions are obtained by performing symbol mapping on 2 X q bits that belong to a same
first encoded data stream.

[00416] In still another possible implementation, P=M/2. In the polarization direction, the P
consecutive symbols in the first dual-polarization symbol data stream are obtained by
performing symbol mapping processing on the q X P bits. The q X P bits are from the M
first encoded data streams, and every g/2 bits in the q X P bits are from one of the M first
encoded data streams.

[00417] In still another possible implementation, P=axM. In the polarization direction, the P
consecutive symbols in the first dual-polarization symbol data stream are obtained by
performing symbol mapping processing on the q X P bits. The q X P bits are from the M
first encoded data streams, and every axq bits in the q X P bits are from one of the M first

encoded data streams, where a is a positive integer.
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[00418] It should be noted that, in the polarization direction, the symbol mapping includes but

is not limited to quadrature phase shift keying (quadrature Phase Shift Keying, QPSK) or
quadrature amplitude modulation (Quadrature Amplitude Modulation, QAM). For QPSK
modulation, every two bits are mapped to one modulation symbol. For 8QAM modulation,
every three bits are mapped to one modulation symbol. For 16QAM modulation, every four
bits are mapped to one modulation symbol. For 32QAM modulation, every five bits are
mapped to one modulation symbol. For 64QAM modulation, every six bits are mapped to

one modulation symbol.

[00419] It should be noted that dual-polarization (Dual-polarization, DP) optical transmission

is used in this embodiment of this application. In this embodiment of this application, the
first data processing may further include polarization distribution (polarization distribution).
In a process of the first data processing, after symbol mapping is performed on a bit
sequence, polarization symbol distribution into the X-polarization direction and the Y-
polarization direction is performed, to obtain the dual-polarization symbol. It may be
understood that, one dual-polarization symbol data stream may be obtained by performing
polarization distribution on one symbol data stream, and includes one symbol data stream
in the X-polarization direction and one symbol data stream in the Y-polarization direction.
For example, for t symbols in a symbol data stream obtained through the symbol mapping
processing, through the polarization distribution, t/2 symbols are distributed in a symbol
data stream in the X-polarization direction, and t/2 symbols are distributed in a symbol data

stream in the Y-polarization direction.

[00420] It should be noted that, in one polarization direction, the q bits mapped to one symbol

may be consecutive or nonconsecutive in the bit sequence on which symbol mapping has

not been performed. No specific constraint is imposed herein.

[00421] In some descriptions, the symbol mapping and the polarization distribution are also

jointly referred to as dual-polarization symbol mapping such as DP-QPSK, DP-8QAM, DP-
16QAM, DP-32QAM, and DP-64QAM mapping.

[00422] For DP-QPSK modulation, every four bits are mapped to one dual-polarization

modulation symbol. For DP-8QAM modulation, every six bits are mapped to one dual-
polarization modulation symbol. For DP-16QAM modulation, every eight bits are mapped
to one dual-polarization modulation symbol. For DP-32QAM modulation, every 10 bits are
mapped to one dual-polarization modulation symbol. For DP-64QAM modulation, every
12 bits are mapped to one dual-polarization modulation symbol. One dual-polarization
modulation symbol includes one modulation symbol in the X-polarization direction and one

modulation symbol in the Y-polarization direction. In some descriptions, a modulation
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symbol may be referred to as a symbol for short, and a dual-polarization modulation symbol

may be referred to as a dual-polarization symbol for short.

[00423] In some specific application, the dual-polarization 16QAM (DP-16QAM) modulation

is used for the "symbol mapping", and an i ™ received group of eight bits

(Csi) Cai+1, Cgi+2» Cai+3s Cai+ar Cgi+5 Caite Cairr) are mapped to one DP-16QAM symbol. It
should be noted that, in one polarization direction, four bits mapped to one 16QAM symbol
may be four consecutive bits. For example, (cg;, Cgi+1) 1s mapped to an I-phase component
(in-phase component) of the DP-16QAM symbol in the X polarization, (Cgj;2,Cgis3) 1S
mapped to a Q-phase component (quadrature-phase component) of the DP-16QAM symbol
in the X polarization, (Cgjy4,Cgiss) 1S mapped to an I-phase component (in-phase
component) of the DP-16QAM symbol in the Y polarization, and (cgj;¢, Cgi+7) 1S mapped
to a Q-phase component (quadrature-phase component) of the DP-16QAM symbol in the Y
polarization. It should be further noted that, in one polarization direction, four bits mapped
to one 16QAM symbol may be four nonconsecutive bits. For example, (cg;, Cgi+2) 1S
mapped to an [-phase component (in-phase component) of the DP-16QAM symbol in the X
polarization, (Cgj;4,Cgi+¢) 1S mapped to a Q-phase component (quadrature-phase
component) of the DP-16QAM symbol in the X polarization, (Cgj;1,Cgi+3) 1S mapped to
an I-phase component (in-phase component) of the DP-16QAM symbol in the Y
polarization, and (cgjys,Cgis7) 1S mapped to a Q-phase component (quadrature-phase

component) of the DP-16QAM symbol in the Y polarization.

[00424]  In some possible implementations, the FEC encoding processing (0, 1, ..., or M—1) may

further include probabilistic constellation shaping (probabilistic constellation shaping, PCS)
processing. In a probabilistic constellation shaping (Probabilistic Constellation Shaping,
PCS) technology, a probability of constellation point occurrence is changed while a
constellation point location is kept unchanged, so that constellation points are not evenly
distributed, thereby improving system transmission performance. In this case, QAM
modulation may also be referred to as PCS-QAM modulation. For example, 16QAM is also
referred to as PCS-16QAM.

[00425] Inapossible implementation, the first data processing further includes data distribution

or data splitting. An objective of the data distribution or the data splitting is to distribute an
input data stream into W data streams. It should be noted that, in some descriptions, the data
distribution or the data splitting may also be referred to as another name, for example, data
stream distribution, wavelength distribution (wavelength distribution), diversion processing,
demultiplexing (De-MUx), distribution (distribution) processing, interleaving (interleaving)
processing, or interleaving distribution processing. This is not specifically limited herein.
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In subsequent descriptions of this application, the wavelength distribution is used as an

example for description.

[00426] Forexample, K X W consecutive pieces of data in the input data stream are distributed

into the W data streams, and every K pieces of data are distributed into one data stream. In
this embodiment of this application, data distribution is performed in a plurality of
implementations, and different implementations are for different objects. For example, data
distribution may be performed before the symbol mapping processing, and data distribution
may be performed on an encoded data stream. In this case, the K X W pieces of data may
be understood as KX W pieces of bit data. Alternatively, data distribution may be
performed after the symbol mapping and before the polarization distribution, and data
distribution may be performed for a symbol data stream. In this case, the K X W pieces of
data may be understood as KX W symbols. Alternatively, data distribution may be
performed after the polarization distribution, and data distribution may be performed for a
symbol data stream. In this case, the K X W pieces of data may be understood as K x W
dual-polarization symbols. K is a positive integer. It should be understood that K herein is
merely an example, and does not specifically limit a specific granularity of the data
distribution. For example, it may be understood that a bit granularity used for performing
data distribution before the symbol mapping is different from a symbol granularity used for

performing data distribution after the symbol mapping.

[00427] In some possible embodiments, the first data processing may further include "bit

merging" processing. Bit merging (merging) may also be referred to as bit group merging,
bit merging and grouping, merging processing for short, or the like. The bit merging may
also have another name. This is not specifically limited in embodiments of this application.
Through the bit merging and grouping, S, bits may be obtained from each of M first
encoded bit streams that are output through the M paths of FEC encoding processing, and
So X M bits are obtained in total. That is, in a data stream obtained through the bit group
merging, the Sy X M consecutive bits are from the M first encoded bit streams. For

example, S, is an integer multiple of q. In an example, S, = 2 X q.

[00428] Inan example, when "bit group merging" processing is performed, the M first encoded

bit streams obtained through the M paths of FEC encoding processing are input into a "next
processing module" in the round-robin fashion at a granularity of S bits, to obtain S X W
bits from each first encoded bit stream. The S X W bits may be obtained through W times
of round-robin operations, or may be obtained through one time of operation. For example,
when the S X W bits are obtained through the W times of round-robin operations, the next
processing module receives, at a moment, S bits output through the FEC encoding
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processing 0, receives, at a next moment, S bits output through the FEC encoding processing
1, then receives, at a still next moment, S bits from the FEC encoding processing 2, and so
on, until receiving S bits from the FEC encoding processing M—1; and then receives the S
bits from the FEC encoding processing 0, and so on. For example, S may be an integer
multiple of q. For example, S = 2 X q. In the polarization direction, the q bits are mapped
to one symbol through the symbol mapping. The next processing module may perform
wavelength distribution, or may perform symbol mapping.

[00429]  In some possible implementation scenarios, the "bit group merging" may be combined
with the next processing module for joint implementation. For example, a function of the
"bit group merging" is merged into the "wavelength distribution" for joint implementation,
or it may be understood that the function of the bit group merging is no longer separately
performed. For another example, a function of the "bit group merging" is merged into the
"symbol mapping" for joint implementation, or it may be understood that bit group merging
is no longer separately performed.

[00430] In this embodiment of this application, after first data processing is performed, DSP
framing (framing) processing may be further performed. FIG. 3 is a diagram of another data
processing procedure in optical communication according to an embodiment of this
application.

[00431] After step 202 is performed, step 203 is performed. To be specific, DSP framing
processing is performed on each of the W first dual-polarization symbol data streams, to
obtain W second dual-polarization symbol data streams, and the W second dual-polarization
symbol data streams are sent.

[00432] When the W second dual-polarization symbol data streams are sent, in a possible
implementation, the W second dual-polarization symbol data streams may be carried on W
paths of optical signals respectively, and the W second dual-polarization symbol data
streams are sent, where wavelengths of the W paths of optical signals are different. When
this implementation is used, the data distribution may be referred to as the wavelength
distribution. In another possible implementation, the W dual-polarization symbol data
streams may be sent through W optical fibers.

[00433] Sending is performed through optical signals with different wavelengths or through
different optical fibers, so that no device with a higher baud rate is needed, and power
consumption of a device is low.

[00434] It should be noted that still another implementation of sending the W second dual-
polarization symbol data streams may be: carrying the W second dual-polarization symbol

data streams on W subcarriers (Subcarriers) respectively, performing digital subcarrier
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multiplexing (Digital Subcarrier Multiplexing) to obtain one path of signals, and sending
the path of signals. In this case, a baud rate corresponding to each subcarrier is 1/W of a
baud rate of the sent signals. It should be noted that, compared with the foregoing manner
in which the W paths of optical signals or the W optical fibers are used, the digital subcarrier
implementation needs the device with the higher baud rate, and power consumption of the
device may be higher. However, the digital subcarrier implementation can reduce
complexity of dispersion compensation, and reduce an equalization enhanced phase noise
(Equalization Enhanced Phase Noise, EEPN) penalty. That is, DSP power consumption

thereof may be lower.

[00435]  According to the solution provided in this embodiment of this application, regardless

of whether a baud rate is reduced or the complexity of the dispersion compensation is
reduced and the EEPN penalty is reduced, a data transmission rate can be improved, and

long-distance data transmission can be adapted to.

[00436] It should be noted that, in a DSP framing processing process, the transmitter device

may periodically insert a fixed symbol sequence into each of the W first dual-polarization
symbol data streams. For example, for every Ngyw dual-polarization symbols, a fixed
symbol sequence is inserted in each of the X-polarization direction and the Y-polarization
direction, to obtain a dual-polarization symbol sequence (for example, which may also be
referred to as a DP-QAM symbol sequence) of a length that is Ng. For example, the dual-
polarization symbol sequence may be a DP-QPSK symbol sequence, a DP-8QAM symbol
sequence, a DP-16QAM symbol sequence, a DP-32QAM symbol sequence, or a DP-
64QAM symbol sequence. The dual-polarization symbol sequence may also be referred to
as a super-frame (super-frame). In an example, Now = 172032, and N = 175104. It
should be noted that the dual-polarization symbol sequence of the length that is Ng
includes Ng symbols in each polarization direction. The fixed symbol sequence may
include one or more of a pilot symbol/pilot sequence (pilot sequence, PS), a frame alignment
word (frame alignment word, FAW), a training symbol/training sequence (training sequence,
TS), or a reserved symbol (reserved symbol, RES). The FAW is for frame alignment, the TS
is for link training, and the PS is for carrier phase recovery. In addition, the DSP frame
further includes some RES reserved symbols for future use and innovation. Values (which
are also referred to as patterns) of the RES reserved symbols may be known and unchanged,
or may be randomized (randomized). In some embodiments, a symbol at a fixed location in
every Ng symbols in the dual-polarization symbol sequence with the length that is Ng is
the pilot symbol. In an example, a 1% symbol in every N symbols is the pilot symbol. For

example, Ng = 32 or 64. It should be noted that, in some specific embodiments, the
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super-frame (super-frame) is also referred to as a multi-frame (multi-frame), the reserved
symbol is also referred to as fixed stuff (fixed stuff, FS), and the frame alignment word is
also referred to as a multi-frame alignment signal (multi-frame alignment signal, MFAS).

[00437] The following describes, from a perspective of a receiver device, the solution provided
in embodiments of this application. An execution process of the receiver device may be
understood as an inverse process of the execution process of the transmitter device.

[00438] FIG. 4 is a schematic flowchart of a data processing method in optical communication
according to an embodiment of this application. The method may be applied to a receiver
device, for example, performed by the receiver device or a module in the receiver device.
The module in the receiver device may be a chip or a chip system.

[00439] 401: Obtain W first dual-polarization symbol data streams, where W is an integer
greater than 1, each of the W first dual-polarization symbol data streams is located in two
orthogonal polarization directions.

[00440] 402: Perform second data processing on the W first dual-polarization symbol data
streams, to obtain M first encoded data streams.

[00441] M is an integer greater than 1, the second data processing includes symbol demapping
processing, q X P bits are obtained by performing symbol demapping processing on P
consecutive symbols in the first dual-polarization symbol data stream in one polarization
direction, and the q X P bits enter (in other words, are distributed into) at least two of the
M first encoded data streams, where P is an integer greater than 1, and q is a positive integer;
and in the polarization direction, q bits are obtained by performing symbol demapping
processing on each symbol.

[00442] 403: Perform FEC decoding processing on the M first encoded data streams, to obtain
a to-be-received bit data stream.

[00443] Insome embodiments, obtaining the W first dual-polarization symbol data streams may
be implemented in the following manner: receiving W second dual-polarization symbol data
streams from a transmitter device, and performing receiver DSP processing (which may also
be referred to as DSP deframing processing) on each of the W second dual-polarization
symbol data streams, to obtain the W first dual-polarization data streams. When performing
DSP deframing processing, the receiver device may identify a fixed symbol sequence from
a fixed location in the second dual-polarization symbol data stream, perform subsequent
data recovery based on the identified symbol sequence, and so on. For example, the receiver
device may receive the W second dual-polarization symbol data streams from the
transmitter device via W paths of optical signals with different wavelengths, or receive the

W second dual-polarization symbol data streams from the transmitter device through W
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optical fibers.

[00444] In some possible implementations, when P satisfies P=M, in the polarization direction,
the q X P bits obtained by performing symbol demapping processing on the P symbols in
the first dual-polarization symbol data stream enter the M first encoded data streams. Every
q bits enter a same first encoded data stream in the M first encoded data streams.

[00445] In some other possible implementations, P may satisfy P=M. Further, the q X P bits
enter the M first encoded data streams, and every 2xq bits in the q X P bits enter a same
first encoded data stream in the M first encoded data streams.

[00446] In still some other possible implementations, when P satisfies P=M, in the polarization
direction, the q bits obtained by performing symbol demapping on each symbol enter a same
first encoded data stream.

[00447] In still some other possible implementations, M consecutive dual-polarization
symbols in the first dual-polarization symbol data stream totally include 2 X M symbols in
the two polarization directions, 2 X q X M bits are obtained by performing symbol
demapping on the 2 X M symbols, and the 2 X q X M bits enter the M first encoded data
streams. 2 X q bits obtained by performing symbol demapping on two symbols totally
included in each dual-polarization symbol in the two polarization directions enter a same
first encoded data stream.

[00448] It should be noted that, in one polarization direction, the symbol demapping includes
but is not limited to QPSK or quadrature amplitude modulation QAM.

[00449] Correspondingly, the second data processing may further include polarization
combining, data merging, and the like. The polarization combining is an inverse process of
polarization distribution. It may be understood as that the polarization combining is
combining a dual-polarization symbol data stream into one symbol data stream. The data
merging is an inverse process of data distribution. It may be understood as that the data
merging is merging W data streams into one data stream.

[00450]  With reference to the accompanying drawings and a plurality of implementations of
data distribution (data merging), the following describes a plurality of manners provided in
embodiments of this application. In subsequent descriptions, an example in which the data
distribution is referred to as wavelength distribution and the data merging is referred to as
wavelength merging is used for description.

[00451] Ina first implementation, wavelength distribution is performed before symbol mapping.
The wavelength distribution and "bit group merging" are processed separately. FIG. 5SAis a
schematic flowchart of a data sending method in optical communication according to an
embodiment of this application.
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[00452] A transmitter device performs M paths of parallel FEC encoding processing on a to-be-

sent bit data stream, to obtain M first encoded data streams. Then, "bit group merging" is
performed on the M first encoded data streams. That is, the M first encoded data streams
are merged into a second encoded data stream. Then, distribution processing is performed
on the second encoded data stream (in FIG. 5A, wavelength distribution is used as an
example), to obtain W third encoded data streams. Every L; consecutive bits in the second
encoded data stream are distributed into one third encoded data stream, where L; is a
positive integer. Symbol mapping processing is performed on each of the W third encoded
data streams, to obtain W first symbol data streams; and polarization distribution is
performed on each of the W first symbol data streams, to obtain W first dual-polarization
symbol data streams. Then, DSP framing processing is performed on each of the W first
dual-polarization symbol data streams, to obtain W second dual-polarization symbol data
streams, which are a second dual-polarization symbol data stream 0 to a second dual-
polarization symbol data stream W—1. Further, the W second dual-polarization symbol data
streams may be carried on W paths of optical signals with different wavelengths, and be
sent. Alternatively, the W second dual-polarization symbol data streams are sent through W
optical fibers respectively. Alternatively, the W second dual-polarization symbol data
streams are respectively carried on W subcarriers, digital subcarrier multiplexing is

performed to obtain one path of signals, and the path of signals are sent.

[00453] In some embodiments, when the M first encoded data streams are merged into the

second encoded data stream, S, consecutive bits may be obtained from each of the M first
encoded data streams in a round-robin fashion, and Sy X M bits are obtained in total. The
So bits may alternatively be understood as a bit set. That is, every M consecutive bit sets in
the second encoded data stream are from the M first encoded data streams, and each of the
M bit sets includes Sy consecutive bits from a same first encoded data stream, where S,

is a positive integer.

[00454]  Further, when wavelength distribution is performed on the second encoded data stream,

M . o . .
every L; = U X Sy X W bits may be distributed into one third encoded data stream, where
U is a positive integer. In other words, L; is an integer multiple of Sy X W In an example,

L; is W/2 times of S, X % In another example, L; is W times of S, X ‘I:A—v That is, L; =

So X M. For example, S, may be a multiple of q. For example, Sy = q. For another

example, Sy = 2 X q.

[00455] L; =Sy XM and S, =2 X g are used as an example to describe a data processing

procedure in optical communication.

52



10

15

20

25

30

[00456] The to-be-sent bit data stream is input into M FEC encoding processing units, namely,
FEC encoding processing 0, FEC encoding processing 1, ..., and FEC encoding processing
M-1, in the round-robin (round-robin) fashion.

[00457] W X (g X 2) bits are obtained from each of the M first encoded data streams output
by the M FEC encoding processing units, W X (q X 2) X M bits are obtained in total, and
"bit group merging" in FIG. 5A is performed to output one second encoded data stream.
Then, "wavelength distribution" processing in FIG. 5A is performed on the second encoded
data stream, so that the W X (q X 2) X M bits are distributed in the W third encoded data
streams output through the "wavelength distribution", where each output third encoded data
stream includes (q X 2) X M ofthe W X (q X 2) X M bits.

[00458] Forthe (q X 2) X M bits in each output third encoded data stream, symbol mapping
and polarization distribution are performed to obtain M dual-polarization symbols, where
q X 2 bits are mapped to one dual-polarization symbol. That is, in one polarization
direction, q bits are mapped to one symbol. One to-be-sent second dual-polarization
symbol data stream is obtained by performing DSP framing processing on one first dual-
polarization symbol data stream output through the polarization distribution.

[00459] In an example, specific operations of the "bit group merging" and "wavelength
distribution" processing in FIG. 5A are as follows:

[00460] The "bit group merging" is obtaining, in the round-robin fashion from the first encoded
data streams output by the M FEC encoding processing units, a bit set Vg including q X 2

bits, where 0 <i< M, and 0 <j < W. The bit set Vg including the q X 2 bits is a j®
group of q X 2 bits obtained from a first encoded data stream output by an i™ FEC
encoding processing unit. The W X (q X 2) X M bits are obtained in total, namely,

W- W-1

VO,V e VY VA VR e VL VEVE, Ve v LYY, and v Tl L and  are
input into a "wavelength distribution" unit.
[00461] The "wavelength distribution" is outputting the W X (q X 2) X M bits in total, namely,

WLyt Landvyoi o, to W

0 .0 0 1.1 1 2 2 2
Vo, V1y s VM—1> V0 V1s -+ » VM—1, V3> V1) o) V—1) s V

output data streams in the round-robin fashion at a granularity of M X (q X 2) bits. That

is, the (qXx2) XM bits Vg),v]1 ...,and V{v[_l are output to a j™ (0 <j< W) third
encoded data stream.

[00462] FIG. 5B is a schematic flowchart of a data receiving method in optical communication
according to an embodiment of this application. FIG. 5B is an inverse process of the
procedure described in FIG. 5A. For corresponding descriptions, refer to the related

descriptions in FIG. 5A.
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[00463] A receiver device receives W second dual-polarization symbol data streams, and
performs receiver DSP processing on each of the W second dual-polarization symbol data
streams, to obtain W first dual-polarization symbol data streams. Further, polarization
combining is performed on each of the W first dual-polarization symbol data streams, to

5 obtain W first symbol data streams. Symbol demapping processing is performed on each of
the W first symbol data streams, to obtain W third encoded data streams. q bits are obtained
by performing symbol demapping on each symbol in each first symbol data stream. Then,
merging processing is performed on the W third encoded data streams, to obtain one second
encoded data stream. L; bits are obtained from each of the W third encoded data streams,

10 to be merged into the second encoded data stream. That is, every W X L, bits in the second
encoded data stream are from the W third encoded data streams, and every L; consecutive
bits in the W X L; bits are from a different third encoded data stream. Further, bit
distribution processing is performed on the second encoded data stream, to obtain M first
encoded data streams. Then, FEC decoding processing is performed on the M first encoded

15 data streams, to obtain a bit data stream.

[00464] In a second implementation, wavelength distribution is performed after symbol
mapping and before polarization distribution. The wavelength distribution and "bit group
merging" are processed separately. FIG. 6A is a schematic flowchart of a data sending
method in optical communication according to an embodiment of this application.

20  [00465] A transmitter device performs M paths of parallel FEC encoding processing on a to-be-
sent bit data stream, to obtain M first encoded data streams. Then, "bit group merging" is
performed on the M first encoded data streams. That is, the M first encoded data streams
are merged into a second encoded data stream. Then, symbol mapping processing is
performed on the second encoded data stream, to obtain a second symbol data stream.

25 Further, the second symbol data stream is distributed, to obtain W third symbol data streams.

[00466] Polarization distribution is performed on each of the W third symbol data streams, to
obtain W first dual-polarization symbol data streams. Then, DSP framing processing is
performed on each of the W first dual-polarization symbol data streams, to obtain W second
dual-polarization symbol data streams, which are a second dual-polarization symbol data

30 stream 0 to a second dual-polarization symbol data stream W—1. Further, the W second dual-
polarization symbol data streams may be carried on W paths of optical signals with different
wavelengths, and be sent. Alternatively, the W second dual-polarization symbol data
streams are sent through W optical fibers respectively. Alternatively, the W second dual-
polarization symbol data streams are respectively carried on W subcarriers, digital

35 subcarrier multiplexing is performed to obtain one path of signals, and the path of signals
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are sent.

[00467] In some embodiments, every D1 consecutive symbols in the third symbol data stream

are obtained by performing symbol mapping processing on D1 X q bits, where D1 is a
positive even number. For example, D1 may alternatively be represented as 2 X L,, where
L, is a positive integer. The L, X 2 X q bits are from the M first encoded data streams.
For example, a quantity of bits that are from each of the M first encoded data streams and
that are in the L, X 2 X q bits is the same. Every L, X 2 X q/M consecutive bits in the

L, X 2 X q bits are from a same first encoded data stream.

[00468] For example, when the M first encoded data streams are merged into the second

encoded data stream, S, consecutive bits may be obtained from each of the M first encoded
data streams in a round-robin fashion, and S, X M bits are obtained in total. The S, bits
may alternatively be understood as a bit set. That is, every M consecutive bit sets in the
second encoded data stream are from the M first encoded data streams, and each of the M
bit sets includes S, consecutive bits from a same first encoded data stream, where S, isa
positive integer. Further, symbol mapping is performed on every q bits in Sy X M
consecutive bits in the second encoded data stream, to obtain one symbol. In this case, every
So X M consecutive bits in the second encoded data stream are mapped to S, X M/q
symbols in the second symbol data stream. When the second symbol data stream is
distributed, every U X Sy X M/(W X q) consecutive symbols may be distributed into one
third symbol data stream. L, may be an integer multiple of Sy X M/(W X q). In an
example, L, =Sy X M/q. The L, X 2 X q bits include the M bit sets from the M first
encoded data streams. For example, S, may be a multiple of q. For example, Sy = q. For

another example, Sy =2 X q.

[00469] L, =Sy xM/q and Sy =2 X q are used as an example below to describe a data

processing procedure in optical communication.

[00470] The to-be-sent bit data stream is input into M FEC encoding processing units, namely,

FEC encoding processing 0, FEC encoding processing 1, ..., and FEC encoding processing

M-1, in the round-robin (round-robin) fashion.

[00471] W X (g X 2) bits are obtained from each of the M first encoded data streams output

by the M FEC encoding processing units, W X (q X 2) X M bits are obtained in total, and
"bit group merging" in FIG. 6A is performed to output one second encoded data stream.
Then, symbol mapping processing in FIG. 6A is performed on the second encoded data
stream, to map every q X 2 bits in every W X (q X 2) X M bits to two symbols, thereby
obtaining W X 2 X M symbols. Further, wavelength distribution processing is distributing

the W X 2 X M symbols into the W third symbol data streams, where 2 X M of the
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W X 2 X M symbols are input into one third symbol data stream.

[00472] M dual-polarization symbols are obtained by performing polarization distribution on
2 X M symbols in each third symbol data stream. One to-be-sent dual-polarization symbol
data stream is obtained by performing DSP framing processing on one dual-polarization
symbol data stream output through the polarization distribution.

[00473] In an example, specific operations of the "bit group merging", "symbol mapping", and

"wavelength distribution" processing in FIG. 6A are as follows:

[00474]  The "bit group merging" is obtaining, in the round-robin fashion from the first encoded
data streams output by the M FEC encoding processing units, a bit set Vg including q X 2

bits, where 0 < i< M, and 0 <j < W. The bit set Vg including the q x 2 bits is a j®
group of q X 2 bits obtained from a first encoded data stream output by an i™ FEC
encoding processing unit. The W X (q X 2) X M bits are obtained in total, namely,

W-— w-1 W-1

0,0 0 1 .1 1 2 2 2 1 :
Vo, Vis e VM=1 V) Vi =0 V=1, V3r V15 o r ViM=1s > Vo Vi .., VM_1 » and are input
into a "symbol mapping" unit.

[00475] The "symbol mapping" is mapping the W X (q X 2) X M bits in total, namely,

W- W-1

VO, VY, e VL Ve VR, e VL VELVE, Vg e, v L VYL and v L at  a
granularity of every q X 2 bits vg mapped to a symbol set g]; including two symbols, to
obtain WX M symbol sets (including W X2 XM symbols) in total, namely,
80,81, -, 8h-1,80, 81, -, 81,85, 8%, -, 8h-1, -, 80 8T ., and gy

[00476] The "wavelength distribution" is inputting the W X M symbol sets (including the

Wx2xM symbols)

0 40 0 1 41 1 2 42 2 w-1 W-1 w-1
80,81, --»8M-1,80, 81, --» 8M-1, 80, 81, > 8M-1, -+ 80 81 -,andgy-y into W

output symbol data streams in the round-robin fashion at a granularity of 2 X M symbols,
where 2 X M symbols g];), gjl, ...,and g]iv[—1 are input into a j third symbol data stream.

[00477] FIG. 6B is a schematic flowchart of a data receiving method in optical communication
according to an embodiment of this application. FIG. 6B is an inverse process of the
procedure described in FIG. 6A. For corresponding descriptions, refer to the related
descriptions in FIG. 6A.

[00478] A receiver device receives W second dual-polarization symbol data streams, and
performs receiver DSP processing on each of the W second dual-polarization symbol data
streams, to obtain W first dual-polarization symbol data streams. Further, polarization
combining is performed on each of the W first dual-polarization symbol data streams, to
obtain W third symbol data streams. Then, wavelength merging processing is performed on
the W third symbol data streams, to obtain one second symbol data stream. Then, symbol
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demapping processing is performed on the second symbol data stream, to obtain a second
encoded data stream. Further, bit distribution processing is performed on the second
encoded data stream, to obtain M first encoded data streams. Then, FEC decoding

processing is performed on the M first encoded data streams, to obtain a bit data stream.

[00479] D1 x q bits are obtained by performing symbol demapping on every D1 consecutive

symbols in the third symbol data stream, where D1 is a positive even number. L, X 2 X q
bits enter the M first encoded data streams after the bit distribution. For example, a quantity
of bits that are input into each of the M first encoded data streams and that are in the
L, X 2 X q bits is the same. Every L, X 2 X q/M consecutive bits in the L, X 2 X q bits

enter a same first encoded data stream.

[00480] In a third implementation, wavelength distribution is performed after polarization

distribution. The wavelength distribution and "bit group merging" are processed separately.
FIG. 7A is a schematic flowchart of a data sending method in optical communication

according to an embodiment of this application.

[00481] A transmitter device performs M paths of parallel FEC encoding processing on a to-be-

sent bit data stream, to obtain M first encoded data streams. Then, "bit group merging" is
performed on the M first encoded data streams. That is, the M first encoded data streams
are merged into a second encoded data stream. Then, symbol mapping processing is
performed on the second encoded data stream, to obtain a second symbol data stream.
Further, polarization distribution is performed on the second symbol data stream, to obtain
a third dual-polarization symbol data stream. Then, distribution processing (the wavelength
distribution is used as an example) is performed on the third dual-polarization symbol data

stream, to obtain W first dual-polarization symbol data streams.

[00482] For example, when the M first encoded data streams are merged into a second encoded

data stream, S, consecutive bits may be obtained from each of the M first encoded data
streams in a round-robin fashion, and Sy, X M bits are obtained in total. The S, bits may
alternatively be understood as a bit set. That is, every M consecutive bit sets in the second
encoded data stream are from the M first encoded data streams, and each of the M bit sets
includes S, consecutive bits from a same first encoded data stream, where S, is a positive
integer. Further, symbol mapping is performed on every q bits in Sy X M consecutive bits

in the second encoded data stream, to obtain one symbol. In this case, every Sy X M

e M :
consecutive bits in the second encoded data stream are mapped to S, X P symbols in the

second symbol data stream. When polarization distribution is performed, every two symbols

in S; X M/q symbols are distributed as one dual-polarization symbol. That is, each dual-
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polarization symbol in the third dual-polarization symbol data stream includes two symbols,
and the two symbols are distributed into different polarization directions. When wavelength
distribution is further performed, every Sy X M/(2 X q) dual-polarization symbols in the
third dual-polarization symbol data stream are distributed into one first dual-polarization
symbol data stream. For example, in one polarization direction, P consecutive symbols in
the first dual-polarization symbol data stream are obtained by performing symbol mapping
processing on q X P bits, and the q X P bits are from at least two of the M first encoded
data streams. P is an integer multiple of Sy X M/(W X 2 X q). For example, S, may be a
multiple of q. For example, Sy, = q. For another example, Sy = 2 X q. For example, if

So = 2 X q, and P=M, the q X P bits are from the M first encoded data streams.

[00483] S, =2Xq and P=M are used as an example below to describe the data sending

method in optical communication with reference to FIG. 7A.

[00484] As shown in FIG. 7A, the to-be-sent bit data stream is input into M FEC encoding

processing units, namely, FEC encoding processing 0, FEC encoding processing 1, ..., and

FEC encoding processing M—1, in the round-robin (round-robin) fashion.

[00485] W X (q X 2) bits are obtained from each data stream output by the M FEC processors,

and W X (q X 2) X M bits are obtained in total, and are input into the "bit group merging"
for merging processing. W X (q X 2) X M bits output through the merging processing are
input into the symbol mapping. Every q X 2 bits are mapped to two symbols, to obtain
W X 2 X M symbols. The polarization distribution is processing the W X 2 X M symbols,
to obtain W X M dual-polarization symbols, and the W X M dual-polarization symbols
are input into the wavelength distribution. The wavelength distribution is distributing the
W X M dual-polarization symbols for input into W output symbol data streams, where M
ofthe W X M symbols are input into one output dual-polarization symbol data stream. One
to-be-sent dual-polarization symbol data stream is obtained by performing DSP framing
processing on the dual-polarization symbol data stream output through the wavelength

distribution.

[00486] It should be noted that, for the "bit group merging" and "symbol mapping" processing

in FIG. 7A, refer to the descriptions of the "bit group merging" and the "symbol mapping"
in the foregoing second implementation. Specific operations of the "polarization

distribution" and the "wavelength distribution" are as follows:

[00487] The "polarization distribution" 1is processing the W X2 XM symbols

0 40 0 1 51 1 2 52 2 wW-1 W-1 w-1
80,81, -+» 8M-1, 80, 81> -++» 8M-1, 80, 81 +» BM-1 =, 80 81 -sand gy output

through the "symbol mapping”, to obtain the W X M dual-polarization symbols

0 .0 0 1 1 1 2 2 2 w-1 W-1 w-1
S0»S1s +++» SM—1S0» S1» =+ » SM—1»S0» ST» -+ » SM—1s -+ S ,S ,...,and sy_; , where one
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dual-polarization symbol s; is obtained by performing polarization distribution on a

symbol set g]; including two symbols.

[00488] The "wavelength distribution" is enabling W X M dual-polarization symbols

0 .0 0 1 1 1 2 .2 2 w-1 W-1 w-1
S0»S1s -+ » SM—1»S0» S1» -=+» SM—1,S0»ST» -=+»SM—1, -»So S ,...,and sy ~; toenter the W

first dual-polarization symbol data streams in the round-robin fashion at a granularity of M

dual-polarization symbols, where the M dual-polarization symbols s{), s]1 ...,and 53\4—1

enter a j™ output first dual-polarization symbol data stream.

[00489] FIG. 7B is a schematic flowchart of a data receiving method in optical communication

according to an embodiment of this application. FIG. 7B is an inverse process of the
procedure described in FIG. 7A. For corresponding descriptions, refer to the related

descriptions in FIG. 7A.

[00490] A receiver device receives W second dual-polarization symbol data streams, and

performs receiver DSP processing on each of the W second dual-polarization symbol data
streams, to obtain W first dual-polarization symbol data streams. Further, merging
processing (wavelength merging is used as an example) is performed on each of the W first
dual-polarization symbol data streams, to obtain one third dual-polarization symbol data
stream. Then, polarization combining is performed on the third dual-polarization symbol
data stream, to obtain W second symbol data streams. Then, symbol demapping processing
is performed on the W second symbol data streams, to obtain a second encoded data stream.
Further, bit distribution processing is performed on the second encoded data stream, to
obtain M first encoded data streams. Then, FEC decoding processing is performed on the

M first encoded data streams, to obtain a bit data stream.

[00491] In a fourth implementation, wavelength distribution is performed before symbol

mapping. "Bit group merging" is not performed separately. FIG. 8A is a schematic flowchart
of a data sending method in optical communication according to an embodiment of this

application.

[00492] A transmitter device performs M paths of parallel FEC encoding processing on a to-be-

sent bit data stream, to obtain M first encoded data streams. Then, wavelength distribution
is performed on the M first encoded data streams. That is, the M first encoded data streams
may be distributed into W fourth encoded data streams. Further, symbol mapping processing
is performed on each of the W fourth encoded data streams, to obtain W fourth symbol data
streams. Then, polarization distribution is performed on each of the W fourth symbol data
streams, to obtain W first dual-polarization symbol data streams. Then, DSP framing

processing is performed on each of the W first dual-polarization symbol data streams, to
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obtain W second dual-polarization symbol data streams, which are a second dual-
polarization symbol data stream 0 to a second dual-polarization symbol data stream W-1.
Further, the W second dual-polarization symbol data streams may be carried on W paths of
optical signals with different wavelengths, and be sent. Alternatively, the W second dual-
polarization symbol data streams are sent through W optical fibers respectively.
Alternatively, the W second dual-polarization symbol data streams are respectively carried
on W subcarriers, digital subcarrier multiplexing is performed to obtain one path of signals,

and the path of signals are sent.

[00493] In some embodiments, every S; X M/W consecutive bits in each fourth encoded data

stream are from the M first encoded data streams, and a quantity of bits that belong to each
of the M first encoded data streams in every S; X M/W consecutive bits in the fourth
encoded data stream is the same, where S; is a positive integer, and S; X M is an integer

multiple of W.

[00494] In an example, S, consecutive bits may be obtained from each of the M first encoded

data streams in a round-robin fashion, and S, X M bits are obtained in total. The S, bits
may alternatively be understood as a bit set. Then, the bits obtained from each first encoded
data stream are distributed into the W fourth encoded data streams. S, is a positive integer.
S; may be a multiple of 2 X qg. For example, S; =2XqXW, every 2XqXxXM
consecutive bits in each fourth encoded data stream include M bit sets, the M bit sets are
from different first encoded data streams, and each of the M bit sets includes 2 X q

consecutive bits that belong to a same first encoded data stream.

[00495] S;=2XxqgXW and S, =2 X q are used as an example to describe a data processing

procedure in optical communication.

[00496]  The to-be-sent bit data stream is input into M FEC encoding processing units, namely,

FEC encoding processing 0, FEC encoding processing 1, ..., and FEC encoding processing

M-1, in the round-robin (round-robin) fashion.

[00497] W X (g X 2) bits are obtained from each of the M first encoded data streams output

by the M FEC encoding processing units, and W X (q X 2) X M bits are obtained in total.
Then, "wavelength distribution" processing in FIG. 8A is performed on the M first encoded
data streams, so thatthe W X (q X 2) X M bits are distributed in the W fourth encoded data
streams output through the "wavelength distribution", where each output fourth encoded
data stream includes (q X 2) X M of the W X (q X 2) X M bits. For the (q X 2) x M
bits in each output fourth encoded data stream, symbol mapping and polarization
distribution are performed to obtain M dual-polarization symbols, where q X 2 bits are
mapped to one dual-polarization symbol. That is, in one polarization direction, q bits are
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mapped to one symbol. One to-be-sent second dual-polarization symbol data stream is
obtained by performing DSP framing processing on one first dual-polarization symbol data
stream output through the polarization distribution.

[00498] In an example, specific operations of the "wavelength distribution" processing in FIG.
8A are as follows:

[00499] During the "wavelength distribution" processing, q X 2 bits are obtained, in the

round-robin fashion, from the M first encoded data streams output through the M paths of

FEC encoding processing, to obtain a bit set Vg, where 0 <i< M, and 0 <j<W. The

bit set Vf including the q x 2 bits is a j™ bit set that includes the q X 2 bits and that is
obtained from a first encoded data stream output through an i path of FEC encoding
processing. The W X (q X 2) X M bits are obtained in total:

VOV, e VL VE VR VL VEVE, Vg e v T VIV, L and vy L

[00500] Then, output to the W fourth encoded data streams is performed in the round-robin
fashion at a granularity of M X (qx 2) bits. That is, the (qXx2)Xx M bits
v9,vY, ...,and vY_, areoutputtoa j™" (0 <j < W) fourth encoded data stream.

[00501] A difference between FIG. 8A and FIG. 5A lies in that, after a bit set is obtained, in the
round-robin fashion, from the M first encoded data streams output through the M paths of
FEC encoding processing, the bit set is not merged into one encoded data stream, but is
directly distributed into W encoded data streams according to a rule.

[00502] FIG. 8B is a schematic flowchart of a data receiving method in optical communication
according to an embodiment of this application. FIG. 8B is an inverse process of the
procedure described in FIG. 8A. For corresponding descriptions, refer to the related
descriptions in FIG. 8A.

[00503] A receiver device receives W second dual-polarization symbol data streams, and
performs receiver DSP processing on each of the W second dual-polarization symbol data
streams, to obtain W first dual-polarization symbol data streams. Further, polarization
combining is performed on each of the W first dual-polarization symbol data streams, to
obtain W fourth symbol data streams. Symbol demapping processing is performed on each
of the W fourth symbol data streams, to obtain W fourth encoded data streams. q bits are
obtained by performing symbol demapping on each symbol in each fourth symbol data
stream. Then, wavelength merging processing is performed on the W fourth encoded data
streams, to obtain M first encoded data streams. Then, FEC decoding processing is
performed on the M first encoded data streams, to obtain a bit data stream.

[00504] In a fifth implementation, wavelength distribution is performed after symbol mapping
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and before polarization distribution. "Bit group merging" is not performed separately. FIG.
9A is a schematic flowchart of a data sending method in optical communication according
to an embodiment of this application.

[00505] A transmitter device performs M paths of parallel FEC encoding processing on a to-be-
sent bit data stream, to obtain M first encoded data streams. Then, symbol mapping
processing is performed on the M first encoded data streams, to obtain one fifth symbol data
stream. Then, distribution processing is performed on the fifth symbol data stream, to obtain
W sixth symbol data streams. Further, polarization distribution is performed on the W sixth
symbol data streams, to obtain W first dual-polarization symbol data streams. Then, DSP
framing processing is performed on each of the W first dual-polarization symbol data
streams, to obtain W second dual-polarization symbol data streams, which are a second
dual-polarization symbol data stream 0 to a second dual-polarization symbol data stream
W-1. Further, the W second dual-polarization symbol data streams may be carried on W
paths of optical signals with different wavelengths, and be sent. Alternatively, the W second
dual-polarization symbol data streams are sent through W optical fibers respectively.
Alternatively, the W second dual-polarization symbol data streams are respectively carried
on W subcarriers, digital subcarrier multiplexing is performed to obtain one path of signals,
and the path of signals are sent.

[00506] In some embodiments, every 2 X P consecutive symbols in the fifth symbol data
stream are obtained by performing symbol mapping processing on 2 X P X q bits, and the
2XPxq bits are from at least two of the M first encoded data streams. Every
2 X P X Z/W consecutive symbols in 2 X P X Z consecutive symbols in the fifth symbol
data stream are distributed into one sixth symbol data stream, where 2 X P X Z is an
integer multiple of W, and Z is a positive integer.

[00507] For example, P=M/2, Z=W, and M X q bits that are mapped to M consecutive
symbols in the fifth symbol data stream are from the M first encoded data streams. Every
q/2 consecutive bits in the M X q bits are from a same first encoded data stream.

[00508] For example, P=M, Z=W/2, and 2 X M X q bits that are mapped to 2 X P
consecutive symbols in the fifth symbol data stream are from the M first encoded data
streams. Every /2 consecutive bits in the M X q bits are from a same first encoded data
stream.

[00509] For example, P=M, Z=W, and 2 X M X q bits that are mapped to 2 X P consecutive
symbols in the fifth symbol data stream are from the M first encoded data streams. Every
2 X q bitsinthe 2 X M X q bits are from a same first encoded data stream.

[00510] P=M and Z=W are used as an example to describe a data processing procedure in
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[00511] The to-be-sent bit data stream is input into M FEC encoding processing units, namely,
FEC encoding processing 0, FEC encoding processing 1, ..., and FEC encoding processing
M-1, in a round-robin (round-robin) fashion.

[00512] W X (g X 2) bits are obtained from each of the M first encoded data streams output
by the M FEC encoding processing units, and W X (q X 2) X M bits are obtained in total.
Through the symbol mapping processing in FIG. 9A, every q X 2 bits in every
W X (q X 2) X M bits are mapped to two symbols, to obtain W X 2 X M symbols. Further,
wavelength distribution processing is distributing the W X 2 X M symbols into the W sixth
symbol data streams, where 2 X M of the W X 2 X M symbols are input into one sixth
symbol data stream. M dual-polarization symbols are obtained by performing polarization
distribution on 2 X M symbols in each sixth symbol data stream. One to-be-sent dual-
polarization symbol data stream is obtained by performing DSP framing processing on one
dual-polarization symbol data stream output through the polarization distribution.

[00513] In an example, "bit group merging" processing is merged into the "symbol mapping"
processing. As shown in FIG. 9A, the "symbol mapping" processing is obtaining, in the

round-robin fashion from the first encoded data streams output through the M paths of FEC
encoding processing, a bit set Vg including q X 2 consecutive bits, where 0 < i < M, and

0 <j < W. The bit set Vf including the q X 2 bitsis a j® bit set that includes q X 2 bits
and that is obtained from a data stream output by an i™ FEC processor. The
W X (q X 2) X M bits are obtained in total:

0 .0 0 1,1 1 2 2 2 w-1 _W-1 w-1
[00514] v, V1, <, VM—1, V0 V15 = » VM1, VG V1» =) V=1 > Vo 5 V7, ...,and vy{_; . Then,

every q X 2 bits Vg are mapped to a symbol set g]; including two symbols, to obtain
WxXxM symbol sets (including W X2XM symbols) in total, namely,
0,83, - r 8M—1,80, 81, -» M1, 86,83 - Bh1—1 -, 80 L BY L., and gy

[00515] FIG. 9B is a schematic flowchart of a data receiving method in optical communication
according to an embodiment of this application. FIG. 9B is an inverse process of the
procedure described in FIG. 9A. For corresponding descriptions, refer to the related
descriptions in FIG. 9A.

[00516] A receiver device receives W second dual-polarization symbol data streams. Then,
receiver DSP processing is performed on each of the W second dual-polarization symbol
data streams, to obtain W first dual-polarization symbol data streams. Further, polarization
combining is performed on the W first dual-polarization symbol data streams, to obtain W

sixth symbol data streams. Then, merging processing is performed on the W sixth symbol
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data streams, to obtain one fifth symbol data stream. Then, symbol demapping is performed
on the fifth symbol data stream, and output to M first encoded data streams is performed.
Then, FEC decoding processing is performed on the M first encoded data streams, to obtain

a bit data stream.

[00517] FIG. 9C shows another specific implementation of "wavelength distribution is

performed after symbol mapping and before polarization distribution". A transmitter device
performs M paths of parallel FEC encoding processing on a to-be-sent bit data stream, to
obtain M first encoded data streams. Then, symbol mapping processing is performed on
each of the M first encoded data streams, to obtain M eleventh symbol data streams. Then,
wavelength distribution (which is also referred to as distribution processing) is performed
on the M eleventh symbol data streams, to obtain W sixth symbol data streams. Further,
polarization distribution is performed on the W sixth symbol data streams, to obtain W first
dual-polarization symbol data streams. Then, DSP framing processing is performed on each
of the W first dual-polarization symbol data streams, to obtain W second dual-polarization
symbol data streams, which are a second dual-polarization symbol data stream 0 to a second
dual-polarization symbol data stream W—1. Further, the W second dual-polarization symbol
data streams may be carried on W paths of optical signals with different wavelengths, and
be sent. Alternatively, the W second dual-polarization symbol data streams are sent through
W optical fibers respectively. Alternatively, the W second dual-polarization symbol data
streams are respectively carried on W subcarriers, digital subcarrier multiplexing is

performed to obtain one path of signals, and the path of signals are sent.

[00518] In some embodiments, every S; X M/W consecutive symbols in each sixth symbol

data stream are from the M eleventh symbol data streams, and a quantity of symbols that
belong to each of the M eleventh symbol data streams in every S; X M/W consecutive
symbols in the sixth symbol data stream is the same. S; is a positive integer, and S; X M

is an integer multiple of W.

[00519] FIG. 9D is a schematic flowchart of a data receiving method in optical communication

according to an embodiment of this application. FIG. 9D is an inverse process of the
procedure described in FIG. 9C. For corresponding descriptions, refer to the related

descriptions in FIG. 9C.

[00520] A receiver device receives W second dual-polarization symbol data streams. Then,

receiver DSP processing is performed on each of the W second dual-polarization symbol
data streams, to obtain W first dual-polarization symbol data streams. Further, polarization
combining is performed on the W first dual-polarization symbol data streams, to obtain W

sixth symbol data streams. Then, merging processing is performed on the W sixth symbol
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data streams, to obtain M eleventh symbol data streams. Then, symbol demapping
processing is performed on the M eleventh symbol data streams, and output to M first
encoded data streams is performed. Then, FEC decoding processing is performed on the M
first encoded data streams, to obtain a bit data stream.

[00521] In a sixth implementation, wavelength distribution is performed after polarization
distribution. "Bit group merging" is not performed separately. FIG. 10A is a schematic
flowchart of a data sending method in optical communication according to an embodiment
of this application.

[00522] A transmitter device performs M paths of parallel FEC encoding processing on a to-be-
sent bit data stream, to obtain M first encoded data streams. Then, symbol mapping
processing is performed on the M first encoded data streams, to obtain one fifth symbol data
stream. Then, polarization distribution is performed on the fifth symbol data stream, to
obtain a fourth dual-polarization symbol data stream; and distribution processing is
performed on the fourth dual-polarization symbol data stream, to obtain W first dual-
polarization symbol data streams.

[00523] In some embodiments, every 2 X P consecutive symbols in the fifth symbol data
stream are obtained by performing symbol mapping processing on 2 X P X q bits, the
2 X P X q bits are from at least two of the M first encoded data streams, and a quantity of
bits that belong to each of the M first encoded data streams and that are in the 2 X P X q
bits is the same. Every P XZ /W consecutive dual-polarization symbols in P X Z
consecutive dual-polarization symbols in the fourth dual-polarization symbol data stream
are distributed into one sixth symbol data stream, where P X Z is an integer multiple of W,
and Z is a positive integer.

[00524]  For example, P=M, Z=W, and 2 X M X q bits that are mapped to 2 X P consecutive
symbols in the fifth symbol data stream are from the M first encoded data streams. Every
2 X q bitsinthe 2 X M X q bits are from a same first encoded data stream.

[00525] P=M and Z=W are used as an example to describe a data processing procedure in
optical communication.

[00526]  The to-be-sent bit data stream is input into M FEC encoding processing units, namely,
FEC encoding processing 0, FEC encoding processing 1, ..., and FEC encoding processing
M-1, in a round-robin (round-robin) fashion.

[00527] W X (gq X 2) bits are obtained from each of the M first encoded data streams output
by the M FEC encoding processing units, and W X (q X 2) X M bits are obtained in total.
Through the symbol mapping processing in FIG. 10A, every q X 2 bits in every
W X (q X 2) X M bits are mapped to two symbols, to obtain W X 2 X M symbols. Further,
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the polarization distribution processing is distributing the W X 2 X M symbols as W X M
dual-polarization symbols. The W X M dual-polarization symbols are distributed into the
W first dual-polarization symbol data streams through wavelength distribution. M dual-
polarization symbols are distributed into each first dual-polarization symbol data stream.
(g X 2) X M bits mapped to the M dual-polarization symbols are from the M first encoded

data streams.

[00528] In an example, for the "symbol mapping" processing in FIG. 10A, refer to the specific

descriptions of the "symbol mapping" in FIG. 9A in the foregoing fifth implementation.

Details are not described herein again.

[00529]  FIG. 10B is a schematic flowchart of a data receiving method in optical communication

according to an embodiment of this application. FIG. 9B is an inverse process of the
procedure described in FIG. 9A. For corresponding descriptions, refer to the related

descriptions in FIG. 10A.

[00530] A receiver device receives W second dual-polarization symbol data streams. Then,

receiver DSP deframing processing is performed on each of the W second dual-polarization
symbol data streams, to obtain W first dual-polarization symbol data streams. Further,
merging processing is performed on the W first dual-polarization symbol data streams, to
obtain one fourth dual-polarization symbol data stream. Then, polarization combining is
performed on the fourth dual-polarization symbol data stream, to obtain a fifth symbol data
stream. Then, symbol demapping is performed on the fifth symbol data stream, and output
to M first encoded data streams is performed. Then, FEC decoding processing is performed

on the M first encoded data streams, to obtain a bit data stream.

[00531] FIG. 10C shows another specific implementation of "wavelength distribution is

performed after polarization distribution". A transmitter device performs M paths of parallel
FEC encoding processing on a to-be-sent bit data stream, to obtain M first encoded data
streams. Then, symbol mapping processing is performed on each of the M first encoded
data streams, to obtain M eleventh symbol data streams. Then, polarization distribution is
performed on each of the M eleventh symbol data streams, to obtain M seventh dual-
polarization symbol data streams; and distribution processing is performed on the M seventh
dual-polarization symbol data streams, to obtain W first dual-polarization symbol data
streams. Then, DSP framing processing is performed on each of the W first dual-polarization
symbol data streams, to obtain W second dual-polarization symbol data streams, which are
a second dual-polarization symbol data stream 0 to a second dual-polarization symbol data
stream W-1. Further, the W second dual-polarization symbol data streams may be carried

on W paths of optical signals with different wavelengths, and be sent. Alternatively, the W
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second dual-polarization symbol data streams are sent through W optical fibers respectively.
Alternatively, the W second dual-polarization symbol data streams are respectively carried
on W subcarriers, digital subcarrier multiplexing is performed to obtain one path of signals,

and the path of signals are sent.

[00532] In some embodiments, every S; X M/W consecutive symbols in each first dual-

polarization symbol data stream are from the M seventh dual-polarization symbol data
streams, and a quantity of symbols that belong to each of the M seventh dual-polarization
symbol data streams in every S; X M/W consecutive symbols in the first dual-polarization
symbol data stream is the same, where S; is a positive integer, and S; X M is an integer

multiple of W.

[00533] In some embodiments, the M seventh dual-polarization symbol data streams, namely,

a seventh dual-polarization symbol data stream 0 to a seventh dual-polarization symbol data
stream M—1, are obtained through the polarization distribution processing. The wavelength
distribution (which is also referred to as the distribution processing) is obtaining W dual-

polarization symbols from each seventh dual-polarization symbol data stream, that is,

obtaining W dual-polarization symbols sé, s]1 ...,and s{,v_l from a seventh dual-

polarization symbol data stream j, where 0 < j <M. M X W dual-polarization symbols
are obtained in total. The wavelength distribution is outputting the M X W dual-
polarization symbols to the W output first dual-polarization symbol data streams, where M
dual-polarization symbols are output to one output first dual-polarization symbol data
stream. In a specific implementation, M dual-polarization symbols 52, sll(,...,and 51114—1 n

the M X W dual-polarization symbols are output to a first dual-polarization symbol data

stream k, where 0 < k < W.

[00534] FIG. 10D is a schematic flowchart of a data receiving method in optical communication

according to an embodiment of this application. FIG. 10D is an inverse process of the
procedure described in FIG. 10C. For corresponding descriptions, refer to the related

descriptions in FIG. 10C.

[00535] A receiver device receives W second dual-polarization symbol data streams. Then,

receiver DSP deframing processing is performed on each of the W second dual-polarization
symbol data streams, to obtain W first dual-polarization symbol data streams. Further,
merging processing is performed on the W first dual-polarization symbol data streams, to
obtain M seventh dual-polarization symbol data streams. Then, polarization combining is
performed on the M seventh dual-polarization symbol data streams, to obtain M eleventh
symbol data streams. Then, symbol demapping is performed on the M eleventh symbol data

streams, and output to M first encoded data streams is performed. Then, FEC decoding
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processing is performed on the M first encoded data streams, to obtain a bit data stream.

[00536] In some possible implementation scenarios, M satisfies a case in which M is an integer

multiple of W. Further, in a process of performing subsequent first data processing on the
M first encoded data streams obtained through FEC encoding processing, the M first
encoded data streams may be first merged into W data streams, and then subsequent
processing, for example, exchange processing between the W data streams, is performed, to
finally obtain the W first dual-polarization symbol data streams. It should be noted that, in
some descriptions, the exchange processing may also be referred to as another name, for
example, data exchange processing, data interleaving processing, or permutation
(permutation) processing. This is not specifically limited herein. In subsequent descriptions
of this application, the exchange processing is used as an example for description. The

following describes several possible implementations by using examples.

[00537] In a seventh implementation, an example in which wavelength distribution is

performed before symbol mapping is used. The wavelength distribution and "bit group

merging" are processed separately. M=bxW. b is an integer greater than 1.

[00538] FIG. 11A is a schematic flowchart of a data sending method in optical communication

according to an embodiment of this application.

[00539] A transmitter device performs M paths of parallel FEC encoding processing on one or

more bit data streams, to obtain bxW first encoded data streams. In FIG. 11A, one bit data
stream is used as an example. "Bit group merging" is performed on every b first encoded
data streams in the bxW first encoded data streams, to obtain W sixth encoded data streams.
Then, exchange processing is performed on the W sixth encoded data streams, to obtain W
seventh encoded data streams. Each of the W sixth encoded data streams includes only bits
of the b first encoded data streams. Through the exchange processing, each of the W sixth
encoded data streams may include bits of the bxW first encoded data streams. It may be
understood as that, through the exchange, the bits of the bxW first encoded data streams are
evenly allocated to the W seventh encoded data streams. Further, symbol mapping
processing is performed on each of the W seventh encoded data streams, to obtain W sixth
symbol data streams; and polarization distribution is performed on each of the W sixth
symbol data streams, to obtain W first dual-polarization symbol data streams. Then, DSP
framing processing is performed on each of the W first dual-polarization symbol data
streams, to obtain W second dual-polarization symbol data streams, which are a second
dual-polarization symbol data stream 0 to a second dual-polarization symbol data stream
W-1. Further, the W second dual-polarization symbol data streams may be carried on W

paths of optical signals with different wavelengths, and be sent. Alternatively, the W second
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dual-polarization symbol data streams are sent through W optical fibers respectively.
Alternatively, the W second dual-polarization symbol data streams are respectively carried
on W subcarriers, digital subcarrier multiplexing is performed to obtain one path of signals,
and the path of signals are sent.

[00540] Insome embodiments, every Ls consecutive bits in each seventh encoded data stream
are from the bxW first encoded data streams, where L3 is a positive integer.

[00541] For example, every b consecutive bit sets in each sixth encoded data stream are from
the b first encoded data streams, and each of the b bit sets includes S, consecutive bits
from a same first encoded data stream, where S, is a positive integer. L; is an integer
multiple of S X a. For example, L; is W times of Sy X a. S, is an integer multiple of q,
for example, S, = 2 X q.

[00542]  FIG. 11B is a schematic flowchart of a data receiving method in optical communication
according to an embodiment of this application.

[00543] A receiver device performs polarization distribution on W first dual-polarization
symbol data streams, to obtain W sixth symbol data streams; then performs symbol
demapping processing on the W sixth symbol data streams, to obtain W seventh encoded
data streams; further, performs inverse exchange processing on the W seventh encoded data
streams, to obtain W sixth encoded data streams; then performs bit distribution on the W
sixth encoded data streams, to obtain bxW first encoded data streams, where each sixth
encoded data stream is distributed into b first encoded data streams; and then performs FEC
decoding processing on each of the bxW first encoded data streams, to obtain one or more
bit data streams.

[00544] In an eighth implementation, wavelength distribution is performed after symbol
mapping and before polarization distribution. The wavelength distribution and "bit group
merging" are processed separately. M=bxW. b is an integer greater than 1.

[00545] A transmitter device performs M paths of parallel FEC encoding processing on one or
more bit data streams, to obtain bxW first encoded data streams. In FIG. 12A, one bit data
stream is used as an example. "Bit group merging" is performed on every b first encoded
data streams in the bxW first encoded data streams, to obtain W sixth encoded data streams.
Then, symbol mapping processing is performed on each of the W sixth encoded data streams,
to obtain W seventh symbol data streams. Then, exchange processing is performed on the
W seventh symbol data streams to obtain W eighth symbol data streams. Each of the W
seventh symbol data streams includes only bits of the b first encoded data streams. Then,
exchange processing is performed on the W seventh symbol data streams, to obtain the W

eighth symbol data streams. Through the exchange processing, each of the W eighth symbol
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data streams may include bits of the bxW first encoded data streams. It may be understood
as that, through the exchange, the bits of the bxW first encoded data streams are evenly
allocated to the W eighth symbol data streams. Further, polarization distribution is
performed on each of the W eighth symbol data streams, to obtain W first dual-polarization
symbol data streams. Then, DSP framing processing is performed on each of the W first
dual-polarization symbol data streams, to obtain W second dual-polarization symbol data
streams, which are a second dual-polarization symbol data stream 0 to a second dual-
polarization symbol data stream W—1. Further, the W second dual-polarization symbol data
streams may be carried on W paths of optical signals with different wavelengths, and be
sent. Alternatively, the W second dual-polarization symbol data streams are sent through W
optical fibers respectively. Alternatively, the W second dual-polarization symbol data
streams are respectively carried on W subcarriers, digital subcarrier multiplexing is

performed to obtain one path of signals, and the path of signals are sent.

[00546] In some embodiments, every D1 consecutive symbols in the eighth symbol data

stream are obtained by performing symbol mapping processing on D1 X q bits. D1 is a
positive even number. For example, D1 may alternatively be represented as 2 X L,, where
L, is apositive integer. The L, X 2 X q bits are from the bxW first encoded data streams.
For example, a quantity of bits that are from each of the bxW first encoded data streams and
that are in the L, X 2 X q bits is the same. Every L, X 2 X q/(b X W) consecutive bits in

the L, X 2 X q bits are from a same first encoded data stream.

[00547] For example, when the b first encoded data streams are merged into one sixth encoded

data stream, S, consecutive bits may be obtained from each of the b first encoded data
streams in a round-robin fashion, and Sy X b bits are obtained in total. The S, bits may
alternatively be understood as a bit set. That is, every b consecutive bit sets in the sixth
encoded data stream are from the b first encoded data streams, and each of the b bit sets
includes S, consecutive bits from a same first encoded data stream, where S is a positive
integer. Further, symbol mapping is performed on every q bits in S; X M consecutive bits
in the sixth encoded data stream, to obtain one symbol. In this case, every Sy X b X W
consecutive bits in the sixth encoded data stream are mapped to S, X b X W/q symbols in
the seventh symbol data stream. U X Sy X b/q consecutive symbols in the eighth symbol
data stream are from the W seventh symbol data streams. L, may be an integer multiple of
So X b/q.Inanexample, L, =Sy, Xb X W/q,andthe L, X 2 X q bits include the b x W
bit sets from the b X W first encoded data streams. For example, S, may be a multiple of

q. For example, S, = q. For another example, Sy = 2 X q.

[00548] FIG. 12B is a schematic flowchart of a data receiving method in optical communication
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according to an embodiment of this application. FIG. 12B is an inverse process of the
procedure described in FIG. 12A. For corresponding descriptions, refer to the related

descriptions in FIG. 12A.

[00549] A receiver device receives W second dual-polarization symbol data streams, and

performs receiver DSP processing on each of the W second dual-polarization symbol data
streams, to obtain W first dual-polarization symbol data streams; performs polarization
combining on the W first dual-polarization symbol data streams, to obtain W eighth symbol
data streams; performs inverse exchange processing on the W eighth symbol data streams,
to obtain W seventh symbol data streams; then performs symbol demapping processing on
each of the W seventh symbol data streams, to obtain W sixth encoded data streams; further,
performs bit distribution on the W sixth encoded data streams, to obtain bxW first encoded
data streams, where bit distribution is performed on each of the W sixth encoded data
streams, to obtain b first encoded data streams; and then performs FEC decoding processing

on the bxW first encoded data streams, to obtain one or more bit data streams.

[00550] In a ninth implementation, wavelength distribution is performed after polarization

distribution. The wavelength distribution and "bit group merging" are processed separately.
M=bxW. FIG. 13A is a schematic flowchart of a data sending method in optical

communication according to an embodiment of this application.

[00551] A transmitter device performs bxW paths of parallel FEC encoding processing on one

or more (for example, bxW) to-be-sent bit data streams, to obtain bxW first encoded data
streams; then performs "bit group merging" on every b first encoded data streams in the
bxW first encoded data streams, to obtain one sixth encoded data stream, thereby obtaining
W sixth encoded data streams; then performs symbol mapping processing on each of the W
sixth encoded data streams, to obtain W seventh symbol data streams; further, performs
polarization distribution on each of the W seventh symbol data streams, to obtain W fifth
dual-polarization symbol data streams; then performs exchange processing on the W fifth
dual-polarization symbol data streams, to obtain W first dual-polarization symbol data
streams; and then performs DSP framing processing on each of the W first dual-polarization
symbol data streams, to obtain W second dual-polarization symbol data streams, which are
a second dual-polarization symbol data stream 0 to a second dual-polarization symbol data
stream W-1. Further, the W second dual-polarization symbol data streams may be carried
on W paths of optical signals with different wavelengths, and be sent. Alternatively, the W
second dual-polarization symbol data streams are sent through W optical fibers respectively.
Alternatively, the W second dual-polarization symbol data streams are respectively carried

on W subcarriers, digital subcarrier multiplexing is performed to obtain one path of signals,
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[00552]  For example, when the b first encoded data streams are merged into one sixth encoded

data stream, S, consecutive bits may be obtained from each of the b first encoded data
streams in a round-robin fashion, and Sy X b bits are obtained in total. The S, bits may
alternatively be understood as a bit set. That is, every b consecutive bit sets in the sixth
encoded data stream are from the b first encoded data streams, and each of the b bit sets
includes S, consecutive bits from a same first encoded data stream, where S, is a positive
integer. Further, symbol mapping is performed on every q bits in S, X M consecutive bits

in the sixth encoded data stream, to obtain one symbol. In this case, every S, X M

) _ . b .
consecutive bits in the sixth encoded data stream are mapped to S, Xa symbols in the

seventh symbol data stream. When polarization distribution is performed, every two
symbols in Sy, X b/q symbols are distributed as one dual-polarization symbol. That is,
each dual-polarization symbol in the fifth dual-polarization symbol data stream includes

two symbols, and the two symbols are distributed into different polarization directions.

[00553] Sy xbXxW/(2xq) dual-polarization symbols in the first dual-polarization symbol

data stream are from the W fifth dual-polarization symbol data streams. For example, in one
polarization direction, P consecutive symbols in the first dual-polarization symbol data
stream are obtained by performing symbol mapping processing on q X P bits, and the
q X P bits are from at least two of the b X W first encoded data streams. P is an integer
multiple of Sy X b/(2 X q). For example, S, may be a multiple of q. For example, S, =
q. For another example, S, = 2 X q. For example, if Sy = 2 X q,and P=M, the q X P bits

are from the b X W first encoded data streams.

[00554] FIG. 13B is a schematic flowchart of a data receiving method in optical communication

according to an embodiment of this application. FIG. 13B is an inverse process of the
procedure described in FIG. 13A. For corresponding descriptions, refer to the related

descriptions in FIG. 13A.

[00555] A receiver device receives W second dual-polarization symbol data streams; then

performs receiver DSP processing on each of the W second dual-polarization symbol data
streams, to obtain W first dual-polarization symbol data streams; performs inverse exchange
processing on the W first dual-polarization symbol data streams, to obtain W fifth dual-
polarization symbol data streams; then performs polarization combining on the W fifth dual-
polarization symbol data streams, to obtain W seventh symbol data streams; further,
performs symbol demapping processing on the W seventh symbol data streams, to obtain

W sixth encoded data streams; then performs bit distribution on the W sixth encoded data
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streams, to obtain bxW first encoded data streams; and then performs FEC decoding

processing on the bxW first encoded data streams, to obtain one or more bit data streams.

[00556] In a tenth implementation, wavelength distribution is performed after symbol mapping

and before polarization distribution. "Bit group merging" is not performed separately.
M=bxW. FIG. 14A is a schematic flowchart of a data sending method in optical

communication according to an embodiment of this application.

[00557] A transmitter device performs bxW paths of parallel FEC encoding processing on a to-

be-sent bit data stream, to obtain bxW first encoded data streams; then performs symbol
mapping processing on every b first encoded data streams in the bxW first encoded data
streams, to obtain W ninth symbol data streams, where it may be understood that the bxW
first encoded data streams are distributed into W groups, and each group has the b first
encoded data streams; there are W units for performing symbol mapping processing, that is,
it may be understood that W symbol mapping units are included, and each symbol mapping
unit performs symbol mapping processing on one group of first encoded data streams; and
each of the W ninth symbol data streams includes only bits of the b first encoded data
streams; then performs exchange processing on the W ninth symbol data streams, to obtain
W tenth symbol data streams, where through the exchange processing, each of the W tenth
symbol data streams may include bits of the bxW first encoded data streams; and it may be
understood as that, through the exchange, the bits of the bxW first encoded data streams are
evenly allocated to the W tenth symbol data streams; further, performs polarization
distribution on the W tenth symbol data streams, to obtain W first dual-polarization symbol
data streams; and then, performs DSP framing processing on each of the W first dual-
polarization symbol data streams, to obtain W second dual-polarization symbol data streams,
which are a second dual-polarization symbol data stream 0 to a second dual-polarization
symbol data stream W—1. Further, the W second dual-polarization symbol data streams may
be carried on W paths of optical signals with different wavelengths, and be sent.
Alternatively, the W second dual-polarization symbol data streams are sent through W
optical fibers respectively. Alternatively, the W second dual-polarization symbol data
streams are respectively carried on W subcarriers, digital subcarrier multiplexing is

performed to obtain one path of signals, and the path of signals are sent.

[00558] Insome embodiments, every S, consecutive symbols in the ninth symbol data stream

are obtained by performing symbol mapping processing on S, X q bits, and the S, X q
bits are from the b first encoded data streams. Every S, X Z; consecutive symbols in each
tenth symbol data stream are from at least two ninth symbol data streams. For example,

Z, = W. That is, every S, X W consecutive symbols in each tenth symbol data stream are
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from M ninth symbol data streams.

[00559] For example, S, =b, Z; =W, and b X W X q bits that are mapped to b X W
consecutive symbols in the tenth symbol data stream are from the M first encoded data
streams. Every q/2 consecutive bits in the b X W X q bits are from a same first encoded
data stream.

[00560] For another example, S, =2 X b, Z; =W, and b X W X q bits that are mapped to
b X W consecutive symbols in the tenth symbol data stream are from the M first encoded
data streams. Every q consecutive bits in the b X W X q bits are from a same first
encoded data stream.

[00561]  FIG. 14B is a schematic flowchart of a data receiving method in optical communication
according to an embodiment of this application. FIG. 14B is an inverse process of the
procedure described in FIG. 14A. For corresponding descriptions, refer to the related
descriptions in FIG. 14A.

[00562] A receiver device receives W second dual-polarization symbol data streams, and
performs receiver DSP processing on each of the W second dual-polarization symbol data
streams, to obtain W first dual-polarization symbol data streams; performs polarization
combining on the W first dual-polarization symbol data streams, to obtain W tenth symbol
data streams; then performs inverse exchange processing on the W tenth symbol data
streams, to obtain W ninth symbol data streams; performs symbol demapping processing on
the W ninth symbol data streams, to obtain bxW first encoded data streams; and then
performs FEC decoding processing on the bxW first encoded data streams, to obtain one or
more bit data streams.

[00563] In an eleventh implementation, wavelength distribution is performed after polarization
distribution. "Bit group merging" is not performed separately. bxW=M. FIG. 15A is a
schematic flowchart of a data sending method in optical communication according to an
embodiment of this application.

[00564] A transmitter device performs bxW paths of parallel FEC encoding processing on a to-
be-sent bit data stream, to obtain bxW first encoded data streams; then performs symbol
mapping processing on every b first encoded data streams in the bxW first encoded data
streams, to obtain W ninth symbol data streams, where it may be understood that the bxW
first encoded data streams are distributed into W groups, and each group has the b first
encoded data streams; there are W units for performing symbol mapping processing, that is,
it may be understood that W symbol mapping units are included, and each symbol mapping
unit performs symbol mapping processing on one group of first encoded data streams; then

performs polarization distribution on each of the W ninth symbol data streams, to obtain W
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sixth dual-polarization symbol data streams; performs exchange processing on the W sixth
dual-polarization symbol data streams, to obtain W first dual-polarization symbol data
streams; and then, performs DSP framing processing on each of the W first dual-polarization
symbol data streams, to obtain W second dual-polarization symbol data streams, which are
a second dual-polarization symbol data stream 0 to a second dual-polarization symbol data
stream W-1. Further, the W second dual-polarization symbol data streams may be carried
on W paths of optical signals with different wavelengths, and be sent. Alternatively, the W
second dual-polarization symbol data streams are sent through W optical fibers respectively.
Alternatively, the W second dual-polarization symbol data streams are respectively carried
on W subcarriers, digital subcarrier multiplexing is performed to obtain one path of signals,
and the path of signals are sent.

[00565] In some embodiments, every S, consecutive symbols in the ninth symbol data stream
are obtained by performing symbol mapping processing on S, X q bits, and the S, X q
bits are from the b first encoded data streams. In one polarization direction, every S, X Z;
consecutive symbols in each first dual-polarization symbol data stream are from at least two
ninth symbol data streams. For example, Z; = W. That is, in the polarization direction,
every S, X W consecutive symbols in each first dual-polarization symbol data stream are
from M ninth symbol data streams.

[00566] For example, S, =b, Z; =W, and b X W X q bits that are mapped to b X W
consecutive symbols in the first dual-polarization data stream are from the M first encoded
data streams in the polarization direction. Every q/2 consecutive bitsinthe b X W X q bits
are from a same first encoded data stream.

[00567] For another example, S, =2 X b, Z; = W, and b X W X q bits that are mapped to
b X W consecutive symbols in the tenth symbol data stream are from the M first encoded
data streams. Every q consecutive bits in the b X W X q bits are from a same first
encoded data stream.

[00568] FIG. 15B is a schematic flowchart of a data receiving method in optical communication
according to an embodiment of this application. FIG. 15B is an inverse process of the
procedure described in FIG. 15A. For corresponding descriptions, refer to the related
descriptions in FIG. 15A.

[00569] A receiver device receives W second dual-polarization symbol data streams, and
performs receiver DSP processing on each of the W second dual-polarization symbol data
streams, to obtain W first dual-polarization symbol data streams; performs inverse exchange
processing on the W first dual-polarization symbol data streams, to obtain W sixth dual-
polarization symbol data streams; then performs polarization combining on each of the W
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sixth dual-polarization symbol data streams, to obtain W ninth symbol data streams; then
performs symbol demapping processing on the W ninth symbol data streams, to obtain bxW
first encoded data streams; and then performs FEC decoding processing on the bxW first
encoded data streams, to obtain one or more bit data streams.

[00570] The following describes an FEC encoding processing procedure in embodiments of this
application.

[00571] In some possible application scenarios, M paths of parallel FEC encoding processing
(0, 1, ..., or M—1) may include FEC encoding and interleaving. Specifically, after FEC
encoding is performed, an encoded data stream is further input into an interleaver for
interleaving processing, to scramble a data order, thereby improving a burst resistance
capability. For example, an open FEC code or a CFEC code is used for the FEC encoding.

[00572] In an example, encoding overhead (overhead, OH for short) corresponding to the FEC

encoding may be % That is, the OH is approximately 15.315%. As shown in FIG. 16,

each FEC encoding processing unit (0, 1, ..., or M—1) includes two FEC encoding units and
one FEC interleaving unit. In this case, there are 2M FEC encoders and M interleavers in
total, which are FEC encoders 0 to 2M—1 and interleavers 0 to M—1. Each FEC encoding
unit performs FEC encoding on 3552 input bits, to obtain 4096 output bits. One FEC
interleaving unit performs block interleaving on output bits of two FEC encoders, to
improve the burst resistance capability. A block size of an FEC interleaver is 172032 bits.

[00573] For example, a to-be-encoded input bit data stream is input into the 2M FEC encoding
units in a round-robin (round-robin) fashion at a granularity (granularity) of one bit.

[00574] In another example, encoding redundancy (overhead, OH for short) corresponding to
an FEC encoding unit is %‘ That is, the OH is approximately 17.895%. For example, each
FEC encoding unit performs FEC encoding on 3040 input bits, to obtain 3584 output bits.

[00575] In still another example, OH of an FEC encoding unit is %. That is, the OH is

approximately 21.519%. For example, each FEC encoding unit performs FEC encoding on

2528 input bits, to obtain 3072 output bits.
[00576] In still another example, OH of an FEC encoding unit is g. That is, the OH is

approximately 26.984%. For example, each FEC encoding unit performs FEC encoding on
2016 input bits, to obtain 2560 output bits.

[00577] In some application scenarios, the FEC encoding processing (0, 1, ..., or M—1) further
includes probabilistic constellation shaping (probabilistic constellation shaping, PCS)
processing. For example, the to-be-sent bit data stream input into each FEC encoder
includes a first bit data stream and a second bit data stream. The first bit data stream is a
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data stream obtained through the PCS processing, and occurrence probabilities of bits 0 and
1 of the first bit data stream are unequal. The second bit data stream is a data stream obtained
without the PCS processing, and occurrence probabilities of bits 0 and 1 of the second bit

data stream are equal.

[00578] The following describes the solution provided in embodiments of this application with

reference to specific application scenarios. In the following scenario 1 to scenario 3, that
the fourth implementation is used for distribution processing is used as an example. Other

implementations may be as described above. Details are not described herein again.

[00579] Scenario 1: For example, M=4, 16QAM (q=4) is used for symbol mapping, and W=2.

For example, the OFEC code is used for the FEC encoding. FIG. 17 is a diagram of a data
sending procedure provided in a scenario 1 according to an embodiment of this application.
M=4, and correspondingly, eight OFEC encoding units (which are also referred to as OFEC
encoders) and four interleaving units (which are also referred to as interleavers) are included.
In the scenario 1, that the fourth implementation is used for the distribution processing is
used as an example. A transmitter device includes an encoder and a first data processor. The

encoder includes four FEC encoding processors.

[00580] Refer to FIG. 17. The M=4 FEC encoding processors are an FEC encoding processor

0, an FEC encoding processor 1, an FEC encoding processor 2, and an FEC encoding
processor 3. Each FEC encoding processor includes two OFEC encoders and one OFEC
interleaver. DP-16QAM modulation and dual-wavelength transmission are considered. That

is, W=2.

[00581] The to-be-sent input bit data stream is input into the 2M=8 OFEC encoders, namely, an

OFEC encoder 0, an OFEC encoder 1, ..., and an OFEC encoder 7 in the round-robin (round-
robin) fashion at the granularity (granularity) of one bit. Each OFEC encoder performs
OFEC encoding on the 3552 input bits, to obtain the 4096 output bits. Output bits of every
two OFEC encoders are input into the OFEC interleaver for the block interleaving, to

improve the burst resistance capability. A block size of the OFEC interleaver is 172032 bits.

[00582]  Outputs of the four OFEC interleavers are input into the first data processor. The first

data processor performs first data processing. The first data processing includes wavelength
distribution, symbol mapping, polarization distribution, and the like. For example, the first
data processor may include a wavelength distribution unit, a symbol mapping unit, and a
polarization distribution unit, to perform the foregoing operations. The wavelength
distribution unit obtains W X (q X 2) = 2 X (4 X 2) = 16 bits from each of encoded data
streams 1 0 to 1 3 output by the M=4 FEC encoding processors, to obtain
WX (@x2)XM=2X(4X2) X4 =64 bits in total. The wavelength distribution unit
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distributes every 64 input bits into two output encoded data streams 2 0 and 2 1, where 32
bits are distributed into the output encoded data stream 2 0, and the other 32 bits are
distributed into the other output encoded data stream 2 1. A possible implementation is as
follows: For a j™ (0 <j < 2) operation, the wavelength distribution unit obtains, in a

round-robin fashion from the encoded data streams 1 0 to 1 3 output by the M=4 FEC
encoding processors, a bit set Vg including q X 2 =4 X 2 =8 bits, where 0 <i< 4,

and 0 <j < 2. The bit set Vg including the q X 2 = 8 bits is a j bit set that includes
q X 2 = 8 bits and that is obtained from an encoded data stream 1 i output by an i FEC
encoding processor. A total of (q X 2) X M = (4 X 2) X 4 = 32 bits are obtained in this
time of operation, and the (q x 2) X M = (4 X 2) x 4 = 32 bits are output to a j™ (0 <
j < 2) output encoded data stream 2 j. Through W=2 times of operations, 16 bits are
obtained from an encoded data stream output by each FEC encoding processor, and 64 bits
are obtained in total. The wavelength distribution unit outputs the 32 bits vJ,v?,v3, and v
to the encoded data stream 2 0, and outputs the other 32 bits vJ,vi,vi,and vl to the

encoded data stream 2_1.

[00583] The 32 bits vf),vll,vi, and v; inthe j™ (0 < j < 2) output encoded data stream 2_j

are input into the symbol mapping for the DP-16QAM modulation, where every q X 2 = 8
bits Vf are mapped to two symbols gi, and eight symbols gjo, gjl, ...,and gj3 are obtained

in total.

[00584] The polarization distribution unit processes the eight symbols gjo,gjl,...,and gg

output by the symbol mapping unit, to obtain four dual-polarization symbols

sy, Sy, -,and sy, where one dual-polarization symbol s

]

; 1s obtained by performing

polarization distribution on the two symbols gl

[00585] The dual-polarization 16QAM (DP-16QAM) modulation symbol sg is obtained by

performing symbol mapping and polarization distribution processing on the eight bits vg =
(co, €1, €y, C3,Cy, Cs, Cg, C7). More specifically, (cy,c,) is mapped to an I-phase component
(in-phase component) of the DP-16QAM symbol sg in X polarization, (cy,Cg) is mapped

to a Q-phase component (quadrature-phase component) of the DP-16QAM symbol sg in

the X polarization, (cq,c3) is mapped to an I-phase component (in-phase component) of

the DP-16QAM symbol s! in Y polarization, and (cs,c;) is mapped to a Q-phase

i

component (quadrature-phase component) of the DP-16QAM symbol s! in the Y

i

polarization. In an example, the two bits are mapped to an I-phase component or a Q-phase
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component, and a Gray (Gray) mapping rule may be used, where two bits {0, 0} are mapped
to =3, {0, 1} are mapped to —1, {1, 1} are mapped to +1, and {1, 0} are mapped to +3. In
this case, the symbol mapping is also referred to as Gray mapping (Gray mapping).

[00586] DSP framing processing is performed on the two dual-polarization symbol data streams

obtained through the polarization distribution processing, to obtain to-be-sent dual-
polarization symbol data streams, thereby obtaining a dual-polarization symbol data stream
0 and a dual-polarization symbol data stream 1. More specifically, the DSP framing
processing is inserting symbols such as an FAW, a TS, an RES, and a PS into every 172032
dual-polarization symbols (which are also referred to as payload payload dual-polarization
symbols) in the dual-polarization symbol data streams obtained through the polarization
distribution processing, to obtain 175104 to-be-sent dual-polarization symbols. The 175104

to-be-sent dual-polarization symbols are also referred to as one super-frame (super-frame).

[00587] It should be noted that, in some specific application, the FEC processing further

includes the probabilistic constellation shaping (Probabilistic Constellation Shaping, PCS)
processing. More specifically, the data stream that has not been input into the OFEC
encoding includes two parts. One part is bit data obtained through the PCS processing, and
the occurrence probabilities of the bits 0 and 1 of the bit data are unequal. The other part is
bit data obtained without the PCS processing, and the occurrence probabilities of the bits 0
and 1 of the bit data are equal. In a specific scenario, as shown in FIG. 18, the OFEC encoder
encodes the 3552 to-be-encoded bits, to obtain the 4096 encoded bits, where 2048 of the
3552 to-be-encoded bits are obtained through the PCS processing, and the other 1504 bits

are obtained without the PCS processing.

[00588] In the data processing procedure shown in the scenario 1, a transmission rate of 1.6T

may be reached. In the data processing procedure shown in the scenario 1, a rate of the input
data stream on which FEC encoding is to be performed is approximately 1.6T. A rate of
each to-be-sent dual-polarization symbol data stream is approximately 946 Gbps, and the
rate is the same as an existing 800ZR rate. The wavelength distribution in FIG. 17 is
removed, outputs of the OFEC interleaver 0 and the OFEC interleaver 1 are input into one
path of symbol mapping, and outputs of the OFEC interleaver 2 and the OFEC interleaver
3 are input into one path of symbol mapping. As shown in FIG. 19, it may be regarded as
two paths of 800G service transmission, and two paths of 800ZR transmission may be
implemented. It can be learned that the proposed data processing solution can be effectively

compatible with 800ZR and future 1.6T transmission.

[00589]  Scenario 2: For example, M=4, 16QAM is used for symbol mapping, and W=2. For

example, the OFEC code is used for the FEC encoding. FIG. 20 is a diagram of a data
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sending procedure provided in a scenario 2 according to an embodiment of this application.
M=4, and correspondingly, eight OFEC encoding units (which are also referred to as OFEC
encoders) and four interleaving units (which are also referred to as interleavers) are included.
A wavelength distribution manner in the scenario 2 is different from that in the scenario 1.
A transmitter device includes an encoder and a first data processor. The encoder includes
four FEC encoding processors. Refer to FIG. 20. The M=4 FEC encoding processors are an
FEC encoding processor 0, an FEC encoding processor 1, an FEC encoding processor 2,
and an FEC encoding processor 3. Each FEC encoding processor includes two OFEC
encoders and one OFEC interleaver. DP-16QAM modulation and dual-wavelength
transmission are considered. That is, W=2. The different wavelength distribution manners

are used in the scenario 2 and the scenario 1.

[00590] Inthe scenario 2, a wavelength distribution unit obtains W X q = 2 X 4 = 8 bits from

each of encoded data streams 1_0 to 1_3 output by the M=4 FEC encoding processors, to
obtain W X q X M = 32 bits in total. The wavelength distribution unit distributes the 32
bits into two output encoded data streams 3 0 and 3 1, where 16 bits are distributed into
the output encoded data stream 3 _0, and the other 16 bits are distributed into the other output
encoded data stream 3_1. A specific implementation is as follows: For a j" (0 <j < 2)
operation, "wavelength distribution" is obtaining q = 4 bits Vg in a round-robin fashion
from the encoded data streams output by the M=4 FEC encoding processors, where 0 <
i<4,and 0 <j < 2. The bit set Vg including the q = 4 bitsisa j® group of q = 4 bits
obtained from an encoded data stream 1_i output by an i FEC encoding processor. A total
of XM =4 X4 =16 bits are obtained in this time of operation. The q X M =4 X 4 =
16 bits are output to a j™ (0 <j < 2) encoded data stream 3_j. Through W=2 times of
operations, eight bits are obtained from an encoded data stream output by each FEC
encoding processor, the 16 bits vQ,v?,v9,and v are output to the 0™ output encoded data
stream 3_0, and the other 16 bits v}, v],vi,and vi are outputto a 1% output encoded data

stream 3 1.

[00591] The 16 bits v),v},v},and v} inthe j™ (0 <j < 2) output encoded data stream 3 _j

are input into the symbol mapping for the DP-16QAM modulation, where every q X 2 = 8

bits Vf are mapped to two symbols gi, and four symbols gj0 and gj1 are obtained in total.

[00592] "Polarization distribution" is processing the four symbols gj0 and gj1 output through

the "symbol mapping", to obtain two dual-polarization symbols s];) and sjl, where one dual-

polarization symbol sg is obtained by performing polarization distribution on the two
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symbols g]i. It may be understood as that, in one polarization direction, two consecutive

symbols in a dual-polarization symbol data stream are from the four encoded data streams

1 Oto1 3.

[00593]  Scenario 3: For example, M=2, 16QAM (q=4) is used for symbol mapping, and W=2.

For example, the OFEC code is used for the FEC encoding. FIG. 21 is a diagram of a data
sending procedure provided in a scenario 3 according to an embodiment of this application.
M=2, and correspondingly, four OFEC encoding units (which are also referred to as OFEC
encoders) and two interleaving units (which are also referred to as interleavers) are included.
In the scenario 3, that the fourth implementation is used for the distribution processing is
used as an example. A transmitter device includes an encoder and a first data processor. The

encoder includes four FEC encoding processors.

[00594] Refer to 21. The M=2 FEC encoding processors are an FEC encoding processor 0 and

an FEC encoding processor 1. Each FEC encoding processor includes two OFEC encoders
and one OFEC interleaver. DP-16QAM modulation and dual-wavelength transmission are

considered. That is, W=2.

[00595]  The to-be-encoded input bit data stream is input into the 2M=4 OFEC encoders, namely,

an OFEC encoder 0, an OFEC encoder 1, an OFEC encoder 2, and an OFEC encoder 3, in
the round-robin (round-robin) fashion at the granularity (granularity) of one bit. Each OFEC
encoder performs OFEC encoding on the 3552 input bits, to obtain the 4096 output bits.
Output bits of every two OFEC encoders are input into the OFEC interleaver for the block
interleaving, to improve the burst resistance capability. A block size of the OFEC interleaver

is 172032 bits.

[00596]  Outputs of the two OFEC interleavers are input into first data processing, where the

first data processing includes wavelength distribution, symbol mapping, polarization
distribution, DSP framing, and the like. A wavelength distribution unit obtains
WX (gx2)=2xX(4x%x2) =16 bits from each of encoded data streams 4 0 and 4 1
output by the M=2 FEC encoding processors, to obtain W X (q X 2) XM =2 X (4 X 2) X
2 = 32 bits in total. The wavelength distribution unit distributes the 32 bits into two output
encoded data streams 5 0 and 5 1, where 16 bits are distributed into one of the output
encoded data streams. A specific implementation is as follows: For a j (0 <j < 2)
operation, the wavelength distribution unit obtains q X 2 = 4 X 2 = 8 bits Vf in a round-
robin fashion from the encoded data streams 4 0 and 4 1 output by the M=2 FEC encoding
processors, where 0 <i < 2,and 0 <j < 2. The bit set Vg including the q X 2 = 8 bits

isa j group of q x 2 = 8 bits obtained from an encoded data stream 4 i output by an i
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FEC processor. A total of (q X 2) XM = (4 X 2) X 2 = 16 bits are obtained in this time

of operation. The (q X 2) X M = (4 x 2) x 2 = 16 bits are output to a j (0 <j < 2)

output encoded data stream 5_j. Through W=2 times of operations, 16 bits are obtained

from an encoded data stream output by each FEC encoding processor. In addition, 32 bits
0

vy and v{ are output to the 0™ output encoded data stream 5 0, and the other 32 bits

vi and vi are output to the 1% output encoded data stream 5_1.

[00597] The 16 bits vf) and vj1 in the j™ (0 <j < 2) output encoded data stream 5 _j are

input into the symbol mapping for the DP-16QAM modulation, where every q X 2 = 8

bits Vf are mapped to two symbols gi, and four symbols g];) and gj1 are obtained in total.

[00598] The "polarization distribution" is processing the four symbols gjo and gj1 output

through the "symbol mapping", to obtain two dual-polarization symbols sé and sjl, where
one dual-polarization symbol sf is obtained by performing polarization distribution on the

two symbols gi

[00599] The dual-polarization 16QAM (DP-16QAM) modulation symbol sg is obtained by

performing symbol mapping and polarization distribution processing on the eight bits Vg =
(cg, €1, €3, C3,Cy, Cs, Cg, C7). More specifically, (cg,c,) is mapped to an [-phase component
(in-phase component) of the DP-16QAM symbol s{: in X polarization, (c4,Cg) 1s mapped

to a Q-phase component (quadrature-phase component) of the DP-16QAM symbol sg in

the X polarization, (c4,c3) is mapped to an I-phase component (in-phase component) of

the DP-16QAM symbol si in Y polarization, and (cs,c;) is mapped to a Q-phase

component (quadrature-phase component) of the DP-16QAM symbol sg in the Y

polarization.

[00600] DSP framing processing is performed on the two dual-polarization symbol data streams

obtained through the polarization distribution processing, to obtain to-be-sent dual-
polarization symbol data streams, thereby obtaining a dual-polarization symbol data stream
0 and a dual-polarization symbol data stream 1. More specifically, the DSP framing
processing is inserting symbols such as an FAW, a TS, an RES, and a PS into every 172032
dual-polarization symbols (which are also referred to as payload payload dual-polarization
symbols) in the dual-polarization symbol data streams obtained through the polarization
distribution processing, to obtain 175104 to-be-sent dual-polarization symbols. The 175104

to-be-sent dual-polarization symbols are also referred to as one super-frame (super-frame).

[00601] It should be noted that, in some specific application, the FEC encoding processing may

further include probabilistic constellation shaping PCS processing. More specifically, the
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data stream that has not been input into the OFEC encoding includes two parts. One part is
bit data obtained through the PCS processing, and the occurrence probabilities of 0 and 1 of
the bit data are unequal. The other part is bit data obtained without the PCS processing, and
the occurrence probabilities of 0 and 1 of the bit data are equal. In a specific scenario, the
OFEC encoding is encoding the 3552 to-be-encoded bits, to obtain the 4096 encoded bits,
where 2048 of the 3552 to-be-encoded bits are obtained through the PCS processing.

[00602]  Scenario 4: For example, M=4, 16QAM (q=4) is used for symbol mapping, and W=4.

For example, the OFEC code is used for the FEC encoding. FIG. 22 is a diagram of a data
sending procedure provided in a scenario 4 according to an embodiment of this application.
M=4, and correspondingly, eight OFEC encoding units (which are also referred to as OFEC
encoders) and four interleaving units (which are also referred to as interleavers) are included.
A transmitter device includes an encoder and a first data processor. The encoder includes

four FEC encoding processors.

[00603] Refer to FIG. 22. The M=4 FEC encoding processors (namely, FEC encoding

processing units in the figure) are an FEC encoding processor 0, an FEC encoding processor
1, an FEC encoding processor 2, and an FEC encoding processor 3. Each FEC encoding
processor (FEC encoding processing unit) includes two OFEC encoders and one OFEC

interleaver. DP-16QAM modulation is considered, and W=4.

[00604] The to-be-sent input bit data stream is input into the 2M=8 OFEC encoders, namely, an

OFEC encoder 0, an OFEC encoder 1, ..., and an OFEC encoder 7 in the round-robin (round-
robin) fashion at the granularity (granularity) of one bit. In this case, it may be considered
that the to-be-sent input bit data stream is input into the M=4 FEC encoding processors,
namely, the FEC encoding processing unit 0, the FEC encoding processing unit 1, ..., and
the FEC encoding processing unit 3 in the figure, in a round-robin (round-robin) fashion at
a granularity (granularity) of two bits. Each path of OFEC encoding is performing OFEC
encoding on the 3552 input bits, to obtain the 4096 output bits. Output bits of every two
OFEC encoders are input into the OFEC interleaver for the block interleaving, to improve

the burst resistance capability. A block size of the OFEC interleaver is 172032 bits.

[00605]  Outputs of the four OFEC interleavers (namely, an OFEC interleaver 0, an OFEC

interleaver 1, an OFEC interleaver 2, and an OFEC interleaver 3) are input into the first data
processor. The first data processor performs first data processing. The first data processing
includes wavelength distribution (which is also referred to as distribution processing),
symbol mapping, polarization distribution, and the like. For example, the first data processor
may include a wavelength distribution unit, a symbol mapping unit, and a polarization

distribution unit, to perform the foregoing operations. The wavelength distribution unit
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obtains W X (q X 2) =4 X (4 X 2) = 32 bits from each of encoded data streams 6 0 to
6 3 output by the M=4 FEC encoding processors, to obtain WX (qXx2) XM =
4 X (4 X 2) X 4 =128 bits in total. The wavelength distribution unit distributes every 128
input bits into four output encoded data streams 7 0 to 7 3, where 32 bits are distributed
into one output encoded data stream 7 0, 32 other bits are distributed into another output
encoded data stream 7 1, 32 other bits are distributed into another output encoded data
stream 7 2, and 32 other bits are distributed into another output encoded data stream 7 3.
A possible implementation is as follows: Fora j* (0 <j < 4) operation, the wavelength

distribution unit obtains, in a round-robin fashion from the encoded data streams 6 0to 6 3
output by the M=4 FEC encoding processors, a bit set Vg including qx2=4x2=38

bits, where 0 <i < 4,and 0 <j < 4. The bit set Vg including the q X 2 = 8 bitsisa j®
bit set that includes q X 2 = 8 bits and that is obtained from an encoded data stream 6 _i
output by an i FEC encoding processor. A total of (qx 2) X M = (4 X 2) X 4 = 32 bits
are obtained in this time of operation, and the (q X 2) X M = (4 X 2) X 4 = 32 bits are
output to a j™ (0 <j < 4) output encoded data stream 7 j. Through W=4 times of
operations, 32 bits are obtained from an encoded data stream output by each FEC encoding
processor, and 128 bits are obtained in total. The wavelength distribution unit outputs the
32 bits v§,v),va,and va to the encoded data stream 7_0, outputs the 32 other bits
v3,vi,vi,andvi to the encoded data stream 7 1, outputs the 32 other bits
v3,vi,v5,andvs to the encoded data stream 7 2, and outputs the 32 other bits

vs,v3,v3,and v3 to the encoded data stream 7 3.

[00606] The 32 bits Vé,Vll,Vg, and VL inthe j™ (0 < j < 4) output encoded data stream 7_j

are input into the symbol mapping for the DP-16QAM modulation, where every q X 2 = 8
bits vg are mapped to two symbols gi, and eight symbols g];), gjl, ...,and gj3 are obtained

in total.

[00607] The polarization distribution unit processes the eight symbols gjo,gjl,...,and gj3

output by the symbol mapping unit, to obtain four dual-polarization symbols

sy, Sy, -,and sy, where one dual-polarization symbol s

]

; 1s obtained by performing

polarization distribution on the two symbols gl

[00608] The dual-polarization 16QAM (DP-16QAM) modulation symbol s is obtained by
1

. . v . . . . i
performing symbol mapping and polarization distribution processing on the eight bits v; =
(cg, €1, €3, €3, Cy, Cs, Cg, C7). More specifically, (cq,c,) is mapped to an I-phase component

(in-phase component) of the DP-16QAM symbol sg in X polarization, (c4,cg) 1s mapped

84



10

15

20

25

30

to a Q-phase component (quadrature-phase component) of the DP-16QAM symbol sg in

the X polarization, (cq,c3) is mapped to an I-phase component (in-phase component) of

the DP-16QAM symbol s in Y polarization, and (cs,c,) is mapped to a Q-phase

i

component (quadrature-phase component) of the DP-16QAM symbol si in the Y
polarization. In an example, the two bits are mapped to an I-phase component or a Q-phase
component, and a Gray (Gray) mapping rule may be used, where two bits {0, 0} are mapped
to =3, {0, 1} are mapped to —1, {1, 1} are mapped to +1, and {1, 0} are mapped to +3. In

this case, the symbol mapping is also referred to as Gray mapping (Gray mapping).

[00609] DSP framing processing is performed on the four dual-polarization symbol data

streams obtained through the polarization distribution processing, to obtain to-be-sent dual-
polarization symbol data streams, thereby obtaining a dual-polarization symbol data stream
0, a dual-polarization symbol data stream 1, a dual-polarization symbol data stream 2, and
a dual-polarization symbol data stream 3. More specifically, the DSP framing processing is
inserting symbols such as an FAW, a TS, an RES, and a PS into every 172032 dual-
polarization symbols (which are also referred to as payload payload dual-polarization
symbols) in the dual-polarization symbol data streams obtained through the polarization
distribution processing, to obtain 175104 to-be-sent dual-polarization symbols. The 175104

to-be-sent dual-polarization symbols are also referred to as one super-frame (super-frame).

[00610] It should be noted that, in some specific application, the FEC processing further

includes the probabilistic constellation shaping (Probabilistic Constellation Shaping, PCS)
processing. More specifically, the data stream that has not been input into the OFEC
encoding includes two parts. One part is bit data obtained through the PCS processing, and
the occurrence probabilities of the bits 0 and 1 of the bit data are unequal. The other part is
bit data obtained without the PCS processing, and the occurrence probabilities of the bits 0
and 1 of the bit data are equal. In a specific scenario, as shown in FIG. 18, the OFEC encoder
encodes the 3552 to-be-encoded bits, to obtain the 4096 encoded bits, where 2048 of the
3552 to-be-encoded bits are obtained through the PCS processing, and the other 1504 bits

are obtained without the PCS processing.

[00611] It should be noted that W=2 is considered in the scenario 1 to the scenario 3, and W=4

is considered in the scenario 4. A scenario in which W is another parameter may
alternatively be extended to, for example, W=8 or 16. Details are not described herein again.
For example, when M=2, W may be 2, 4, 8, or 16. For another example, when M=4, W may
be 2,4, 8, or 16.

[00612] It should be noted that, in the first implementation to the eleventh implementation, the
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DSP framing processing is a framing operation performed on a symbol. The DSP framing
is periodically inserting a fixed symbol sequence (which may also be referred to as a preset
symbol sequence or a first symbol sequence) into each of the W first dual-polarization
symbol data streams. For example, for every Ncyw dual-polarization symbols, the fixed
symbol sequence is inserted in each of an X-polarization direction and a Y-polarization
direction, to obtain a dual-polarization symbol sequence (for example, which may also be
referred to as a DP-QAM symbol sequence) of a length that is Ng. For example, the dual-
polarization symbol sequence may be a DP-QPSK symbol sequence, a DP-8QAM symbol
sequence, a DP-16QAM symbol sequence, a DP-32QAM symbol sequence, or a DP-
64QAM symbol sequence. The dual-polarization symbol sequence may also be referred to
as a super-frame (super-frame). In an example, Ncw = 172032, and Np = 175104. It
should be noted that the dual-polarization symbol sequence of the length that is Ng
includes Nr symbols in each polarization direction. The fixed symbol sequence may
include one or more of a pilot symbol (pilot sequence, PS), a frame alignment word (frame
alignment word, FAW), a training symbol (training sequence, TS), or a reserved symbol
(reserved symbol, RES). The FAW is for frame alignment, the TS is for link training, and
the PS is for carrier phase recovery. In addition, a DSP frame further includes some RES
reserved symbols for future use and innovation. In some specific embodiments, the super-
frame (super-frame) is also referred to as a multi-frame (multi-frame), the reserved symbol
is also referred to as fixed stuff (fixed stuff, FS), and the frame alignment word is also
referred to as a multi-frame alignment signal (multi-frame alignment signal, MFAS). It
should be noted that a location of the first symbol sequence in the super-frame is not all
continuous. For example, the pilot symbol is distributed at locations at a fixed-length
interval in the super-frame. For example, the frame alignment word is located at a plurality

of consecutive locations at the beginning of the super-frame.

[00613] In some other possible implementations, the DSP framing processing is a framing

operation performed on a bit. The DSP framing processing is performed before the symbol
mapping. The DSP framing processing is inserting a fixed bit into an obtained data sequence
before the symbol mapping according to a used symbol mapping rule, where the fixed bit is
a bit corresponding to one or more of a frame alignment word, a training symbol, a reserved
symbol, and a pilot symbol. Then, polarization distribution and symbol mapping are
performed to obtain a to-be-sent dual-polarization symbol data stream. The fixed bit may
also be referred to as a bit corresponding to a first symbol sequence, and the first symbol
sequence includes one or more of the pilot symbol, the frame alignment word, the training

symbol, or the reserved symbol. A super-frame in the to-be-sent dual-polarization symbol
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data stream is the same as the super frame in the second dual-polarization symbol data
stream obtained in FIG. 3. The following provides several possible implementations.

[00614]  FIG. 23 is a schematic flowchart of a data processing method in optical communication
according to an embodiment of this application. The method may be applied to a transmitter
device, for example, performed by the transmitter device or a module in the transmitter
device. The module in the transmitter device may be a chip or a chip system.

[00615] For 2301, refer to 201. Details are not described herein again.

[00616] 2302: Perform third data processing on the M first encoded data streams, to obtain W
second dual-polarization symbol data streams, where W is an integer greater than 1, and the
W second dual-polarization symbol data streams are second dual-polarization symbol data
streams 0 to W—1.

[00617] The third data processing includes at least DSP framing processing and symbol
mapping. For related descriptions of a dual-polarization symbol data stream, refer to the
embodiment corresponding to FIG. 2. Details are not described herein again.

[00618] Each of the W second dual-polarization symbol data streams is located in two
orthogonal polarization directions. In one polarization direction, P consecutive symbols
other than a first symbol sequence (which may be referred to as a fixed symbol sequence)
in the second dual-polarization symbol data stream are obtained by performing symbol
mapping processing on q X P bits. The first symbol sequence includes one or more of a
pilot symbol, a frame alignment word, a training symbol, or a reserved symbol. The q X P
bits are from at least two of the M first encoded data streams, where P is an integer greater
than 1, and q is a positive integer. In the polarization direction, each symbol is obtained by
performing symbol mapping processing on q bits.

[00619] It should be noted that the polarization direction in this embodiment of this application
is either of the two polarization directions.

[00620] In some possible implementations, P may satisfy P=M. In one polarization direction,
the P consecutive symbols other than the first symbol sequence (which may be referred to
as the fixed symbol sequence) in the second dual-polarization symbol data stream are
obtained by performing symbol mapping processing on the q X P bits. Further, the q X P
bits are from the M first encoded data streams, and every q bits in the q X P bits are from
one of the M first encoded data streams.

[00621] In some other possible implementations, P may satisfy P=M. Further, the q X P bits
are from the M first encoded data streams, and every 2xq bits in the q X P bits are from
one of the M first encoded data streams.

[00622] In still another possible implementation, P may satisfy P=M. The q X P bits are from
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the M first encoded data streams, and every q bits in the q X P bits are from one of the M
first encoded data streams. In addition, in one polarization direction, q bits that are mapped
to one symbol through the symbol mapping processing are from a same first encoded data
stream.

[00623] In still another possible implementation, M consecutive dual-polarization symbols
other than the first symbol sequence (which may be referred to as the fixed symbol sequence)
in the second dual-polarization symbol data stream totally include 2 X M symbols in the
two polarization directions, the 2 X M symbols are obtained by performing symbol
mapping on 2 X q X M bits, and the 2 X q X M bits are from the M first encoded data
streams; and two symbols totally included in each dual-polarization symbol in the two
polarization directions are obtained by performing symbol mapping on 2 X q bits that
belong to a same first encoded data stream.

[00624] In still another possible implementation, P=M/2. In one polarization direction, the P
consecutive symbols other than the first symbol sequence (which may be referred to as the
fixed symbol sequence) in a first dual-polarization symbol data stream are obtained by
performing symbol mapping processing on g X P bits. The q X P bits are from the M first
encoded data streams, and every q/2 bits in the q X P bits are from one of the M first
encoded data streams.

[00625] In still another possible implementation, P=axM. In one polarization direction, P
consecutive symbols in a first dual-polarization symbol data stream are obtained by
performing symbol mapping processing on the q X P bits. The q X P bits are from the M
first encoded data streams, and every axq bits in the q X P bits are from one of the M first
encoded data streams, where a is a positive integer.

[00626] It should be understood that, in the foregoing solution, the DSP framing processing is
the framing operation performed on the bit. In the embodiment corresponding to FIG. 2,
DSP framing processing is performed on the symbol. The third data processing may further
include operations other than the DSP framing and the symbol mapping, for example,
distribution and bit merging. For details, refer to the related descriptions in the embodiment
corresponding to FIG. 2. Details are not described herein again.

[00627]  The following describes, from a perspective of a receiver device, the solution provided
in embodiments of this application. An execution process of the receiver device may be
understood as an inverse process of the execution process of the transmitter device.

[00628] FIG. 24 is a schematic flowchart of a data processing method in optical communication
according to an embodiment of this application. The method may be applied to a receiver
device, for example, performed by the receiver device or a module in the receiver device.
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The module in the receiver device may be a chip or a chip system.

[00629]  2401: Obtain W second dual-polarization symbol data streams, where W is an integer
greater than 1, each of W first dual-polarization symbol data streams is located in two
orthogonal polarization directions.

[00630] 2402: Perform fourth data processing on the W first dual-polarization symbol data
streams, to obtain M first encoded data streams.

[00631] M is an integer greater than 1, the fourth data processing includes receiver DSP and
symbol demapping processing, and q X P bits are obtained by performing symbol
demapping processing on P consecutive symbols other than a first symbol sequence in the
first dual-polarization symbol data stream in one polarization direction.
The first symbol sequence includes one or more of a pilot symbol, a frame alignment
word, a training symbol, or a reserved symbol. The q X P bits enter (in other words, are
distributed into) at least two of the M first encoded data streams, where P is an integer
greater than 1, and q is a positive integer. In the polarization direction, q bits are obtained
by performing symbol demapping processing on each symbol.

[00632] 2403: Perform FEC decoding processing on the M first encoded data streams, to obtain
a to-be-received bit data stream.

[00633] In some possible implementations, when P satisties P=M, in the polarization direction,
the q X P bits obtained by performing symbol demapping processing on the P symbols
other than the first symbol sequence in the second dual-polarization symbol data stream
enter the M first encoded data streams. Every q bits enter a same first encoded data stream
in the M first encoded data streams.

[00634] In some other possible implementations, P may satisfy P=M. Further, the q X P bits
enter the M first encoded data streams, and every 2xq bits in the q X P bits enter a same
first encoded data stream in the M first encoded data streams.

[00635] In still some other possible implementations, when P satisfies P=M, in the polarization
direction, the q bits obtained by performing symbol demapping on each symbol enter a same
first encoded data stream.

[00636] In still some possible implementations, M consecutive dual-polarization symbols
other than the first symbol sequence in the second dual-polarization symbol data stream
totally include 2 X M symbols in the two polarization directions, 2 X q X M bits are
obtained by performing symbol demapping on the 2 X M symbols, and the 2 X g X M
bits enter the M first encoded data streams. 2 X q bits obtained by performing symbol
demapping on two symbols totally included in each dual-polarization symbol in the two
polarization directions enter a same first encoded data stream.
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[00637] It should be noted that, in one polarization direction, the symbol demapping includes
but is not limited to QPSK or quadrature amplitude modulation QAM.

[00638] Correspondingly, the fourth data processing may further include polarization
combining, data merging, and the like. The polarization combining is an inverse process of
polarization distribution. It may be understood as that the polarization combining is
combining a dual-polarization symbol data stream into one symbol data stream. The data
merging is an inverse process of data distribution. It may be understood as that the data
merging is merging W data streams into one data stream.

[00639] With reference to the accompanying drawings and a plurality of implementation of data
distribution (data merging), the following describes several manners provided in
embodiments of this application.

[00640] In atwelfth implementation, DSP framing processing is a framing operation performed
on a bit. FIG. 25A is a schematic flowchart of a data sending method in optical
communication according to an embodiment of this application. In FIG. 25A, that bit group
merging and distribution processing are separately performed is used as an example.

[00641] A transmitter device performs M paths of parallel FEC encoding processing on a to-be-
sent bit data stream, to obtain M first encoded data streams. Then, "bit group merging" is
performed on the M first encoded data streams. That is, the M first encoded data streams
are merged into a second encoded data stream. Then, distribution processing (which may
also be referred to as wavelength distribution or interleaving processing) is performed on
the second encoded data stream, to obtain W third encoded data streams. Every L,
consecutive bits in the second encoded data stream are distributed into one third encoded
data stream, where L; is a positive integer. DSP framing processing, polarization
distribution, and symbol mapping processing are performed on each of the W third encoded
data streams, to obtain W to-be-sent dual-polarization symbol data streams. Further, the W
to-be-sent dual-polarization symbol data streams may be carried on W paths of optical
signals with different wavelengths, and be sent. Alternatively, the W to-be-sent dual-
polarization symbol data streams are sent through W optical fibers respectively.
Alternatively, the W to-be-sent dual-polarization symbol data streams are respectively
carried on W subcarriers, digital subcarrier multiplexing is performed to obtain one path of
signals, and the path of signals are sent.

[00642] It should be noted that DSP framing processing is operated before the symbol mapping,
and is inserting a fixed bit into an obtained data sequence before the symbol mapping
according to a used symbol mapping rule, where the fixed bit is a bit corresponding to one

or more of a frame alignment word, a training symbol, a reserved symbol, and a pilot symbol,
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namely, the bit corresponding to the foregoing first symbol sequence.

[00643] In some embodiments, when the M first encoded data streams are merged into the
second encoded data stream, S, consecutive bits may be obtained from each of the M first
encoded data streams in a round-robin fashion, and S, X M bits are obtained in total. The
Sy bits may alternatively be understood as a bit set. That is, every M consecutive bit sets in
the second encoded data stream are from the M first encoded data streams, and each of the
M bit sets includes S, consecutive bits from a same first encoded data stream, where S,
is a positive integer.

[00644]  Further, when wavelength distribution is performed on the second encoded data stream,

M . - : .
every Ly = U X S§; X W bits may be distributed into one third encoded data stream, where
U is a positive integer. In other words, L, is an integer multiple of S, X W In an example,

L; is W/2 times of S, X % In another example, L; is W times of S, X % Thatis, L; =

So X M. For example, S, may be a multiple of q. For example, Sy = q. For another
example, Sy =2 X q.

[00645] L; =S¢y XM and Sy =2 X q are used as an example to describe a data processing
procedure in optical communication.

[00646] The to-be-sent bit data stream is input into M FEC encoding processing units, namely,
FEC encoding processing 0, FEC encoding processing 1, ..., and FEC encoding processing
M-1, in the round-robin (round-robin) fashion.

[00647] W X (q X 2) bits are obtained from each of the M first encoded data streams output
by the M FEC encoding processing units, W X (q X 2) X M bits are obtained in total, and
"bit group merging" in FIG. 25A is performed to output one second encoded data stream.
Then, "distribution processing" (which is also referred to as the wavelength distribution) in
FIG. 25A is performed the second encoded data stream, so that the W X (q X 2) X M bits
are distributed in the W third encoded data streams output through the "distribution
processing", where each output third encoded data stream includes (q X 2) X M of the
W X (qx 2) XM bits. DSP framing, polarization distribution, and symbol mapping are
performed on each output third encoded data stream, to obtain a to-be-sent dual-polarization
symbol data stream.

[00648] It should be noted that, for the (q X 2) X M bits in each output third encoded data
stream, polarization distribution and symbol mapping are performed to obtain M dual-
polarization symbols, where q X 2 bits are mapped to one dual-polarization symbol. That
is, in one polarization direction, q bits are mapped to one symbol.

[00649] In an example, specific operations of the "bit group merging" and "distribution
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processing" processing in FIG. 25A are as follows:

[00650] The "bit group merging" is obtaining, in the round-robin fashion from the first encoded
data streams output by the M FEC encoding processing units, a bit set Vg including q X 2

bits, where 0 <i <M, and 0 <j < W. The bit set Vg including the q x 2 bits is a j®
group of q X 2 bits obtained from a first encoded data stream output by an i FEC

encoding processing unit. The W X (q X 2) X M bits are obtained in total, namely,

0 W- W-1

VOV, e VL VA VR Vi VEVE, Ve v L VYT, and v TE L and  are
input into a "distribution processing" unit.
[00651] The "distribution processing" is outputting the W X (q X 2) X M bits in total, namely,

W- w-1

0,0 0 11 1 2 2 2 1 wW-1
Vo, Vis s VM=1 V) Vi) oo » V=1, VG V15 v » ViNi=1) s V ,V ,eandvy-; , to W

output data streams in the round-robin fashion at a granularity of M X (q X 2) bits. That

is, the (qx2) XM bits vz),vl1 ...,and v{.\,[_l are output to a j™ (0 <j< W) third
encoded data stream.

[00652] In FIG. 25A, an example in which polarization distribution is performed before the
symbol mapping processing is used. In some possible application scenarios, symbol
mapping may be performed before the polarization distribution. In some possible
embodiments, when polarization distribution is performed before the symbol mapping
processing, DSP framing processing may be performed after the polarization distribution
and before the symbol mapping processing.

[00653]  FIG. 25B is a schematic flowchart of a data receiving method in optical communication
according to an embodiment of this application. FIG. 25B is an inverse process of the
procedure described in FIG. 25A. For corresponding descriptions, refer to the related
descriptions in FIG. 25A.

[00654] A receiver receives W second dual-polarization symbol data streams; then performs
symbol demapping processing and polarization combining processing on each of the W
second dual-polarization symbol data streams, to obtain W eighth encoded data streams;
performs receiver DSP processing on each of the W eighth encoded data streams, to obtain
W third encoded data streams; merges the W third encoded data streams, to obtain a second
encoded data stream; distributes the second encoded data stream into M first encoded data
streams; and then, performs FEC decoding processing on the M first encoded data streams,
to obtain one or more bit data streams.

[00655] In a thirteenth implementation, as shown in the figure, DSP framing processing is a
framing operation performed on a bit. FIG. 26A is a schematic flowchart of a data sending

method in optical communication according to an embodiment of this application. In FIG.
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26A, that bit group merging and distribution processing are performed through merging is
used as an example.

[00656] A transmitter device performs M paths of parallel FEC encoding processing on a to-be-
sent bit data stream, to obtain M first encoded data streams. Then, distribution processing
(which may also be referred to as wavelength distribution or interleaving processing) is
performed on the M first encoded data streams. That is, the M first encoded data streams
may be distributed into W fourth encoded data streams. Further, DSP framing processing,
dual-polarization distribution, and symbol mapping processing are performed on each of
the W fourth encoded data streams, to obtain W to-be-sent dual-polarization symbol data
streams. Further, the W to-be-sent dual-polarization symbol data streams may be carried on
W paths of optical signals with different wavelengths, and be sent. Alternatively, the W to-
be-sent dual-polarization symbol data streams are sent through W optical fibers respectively.
Alternatively, the W to-be-sent dual-polarization symbol data streams are respectively
carried on W subcarriers, digital subcarrier multiplexing is performed to obtain one path of
signals, and the path of signals are sent.

[00657] In some embodiments, every S; X M/W consecutive bits in each fourth encoded data
stream are from the M first encoded data streams, and a quantity of bits that belong to each
of the M first encoded data streams in every S; X M/W consecutive bits in the fourth
encoded data stream is the same, where S, is a positive integer, and S; X M is an integer
multiple of W.

[00658] Inanexample, S, consecutive bits may be obtained from each of the M first encoded
data streams in a round-robin fashion, and S, X M bits are obtained in total. The S, bits
may alternatively be understood as a bit set. Then, the bits obtained from each first encoded
data stream are distributed into the W fourth encoded data streams. S, is a positive integer.
S; may be a multiple of 2 X qg. For example, S; =2XqXW, every 2XqXxXM
consecutive bits in each fourth encoded data stream include M bit sets, the M bit sets are
from different first encoded data streams, and each of the M bit sets includes 2 X q
consecutive bits that belong to a same first encoded data stream.

[00659] S;=2XxqgXW and S, = 2 X q areused as an example to describe a data processing
procedure in optical communication.

[00660] The to-be-sent bit data stream is input into M FEC encoding processing units, namely,
FEC encoding processing 0, FEC encoding processing 1, ..., and FEC encoding processing
M-1, in the round-robin (round-robin) fashion.

[00661] W X (g X 2) bits are obtained from each of the M first encoded data streams output
by the M FEC encoding processing units, and W X (q X 2) X M bits are obtained in total.
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Then, "distribution processing" (which is also referred to as the wavelength distribution) in
FIG. 26A is performed on the M first encoded data streams, so that the W X (q X 2) X M
bits are distributed in the W fourth encoded data streams output through the "distribution
processing", where each output fourth encoded data stream includes (q X 2) X M of the
W X (q X 2) XM bits. DSP framing, polarization distribution, and symbol mapping are
performed on each output fourth encoded data stream, to obtain a to-be-sent dual-
polarization symbol data stream.

[00662] It should be noted that, for the (q X 2) X M bits in each output fourth encoded data
stream, polarization distribution and symbol mapping are performed to obtain M dual-
polarization symbols, where q X 2 bits are mapped to one dual-polarization symbol. That
is, in one polarization direction, q bits are mapped to one symbol.

[00663] In an example, specific operations of the "distribution processing" processing in FIG.
26A are as follows:

[00664] During the "distribution processing" processing, q X 2 bits are obtained, in the round-

robin fashion, from the M first encoded data streams output through M paths of FEC
encoding processing, to obtain a bit set Vg, where 0 <i< M, and 0 <j<W. The bit set

Vf including the q X 2 bits is a j™ bit set that includes the q X 2 bits and that is obtained

from a first encoded data stream output through an i path of FEC encoding processing.
The W X (q X 2) X M bits are obtained in total:
VO, VY, e VL VL VR Vi VEVE, LV e v T VYL, L and vy oL

[00665] Then, output to the W fourth encoded data streams is performed in the round-robin
fashion at a granularity of M X (q X 2) bits. That is, the (qXx2)X M bits
vo,v?, ...,and vY_, areoutputtoa j™ (0 <j < W) fourth encoded data stream.

[00666] It should be noted that a difference between FIG. 26A and FIG. 25A lies in that, after a
bit set is obtained, in the round-robin fashion, from the M first encoded data streams output
through the M paths of FEC encoding processing, the bit set is not merged into one encoded
data stream, but is directly distributed into W encoded data streams according to a rule.

[00667] In FIG. 26A, an example in which polarization distribution is performed before the
symbol mapping processing is used. In some possible application scenarios, symbol
mapping may be performed before the polarization distribution. In some possible
embodiments, when polarization distribution is performed before the symbol mapping
processing, DSP framing processing may be performed after the polarization distribution
and before the symbol mapping processing.

[00668] FIG. 26B is a schematic flowchart of a data receiving method in optical communication
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according to an embodiment of this application. FIG. 26B is an inverse process of the
procedure described in FIG. 26A. For corresponding descriptions, refer to the related

descriptions in FIG. 26A.

[00669] A receiver receives W second dual-polarization symbol data streams; then performs

symbol demapping processing and polarization combining processing on each of the W
second dual-polarization symbol data streams, to obtain W ninth encoded data streams;
performs receiver DSP processing on each of the W ninth encoded data streams, to obtain
W fourth encoded data streams; distributes the W fourth encoded data streams into M first
encoded data streams; and then performs FEC decoding processing on the M first encoded

data streams, to obtain one or more bit data streams.

[00670]  Scenario 5: For example, M=4, 16QAM (q=4) is used for symbol mapping, and W=4.

FIG. 27 is a diagram of a data sending procedure provided in a scenario 5 according to an
embodiment of this application. As shown in FIG. 27, a data stream sending procedure is
based on the scenario 4, and a DSP framing processing operation is performed on a bit. For
specific operations of wavelength distribution (which is also referred to as distribution
processing), refer to the descriptions of scenario 4. Details are not described herein again.
In FIG. 27, for example, the OFEC code is used for the FEC encoding. It should be noted
that, in some specific application, the FEC encoding processing may further include
probabilistic constellation shaping PCS processing, as shown in FIG. 18. More specifically,
the data stream that has not been input into the OFEC encoding includes two parts. One part
is bit data obtained through the PCS processing, and the occurrence probabilities of 0 and 1
of the bit data are unequal. The other part is bit data obtained without the PCS processing,
and the occurrence probabilities of 0 and 1 of the bit data are equal. In a specific scenario,
as shown in FIG. 18, the OFEC encoding is encoding the 3552 to-be-encoded bits, to obtain
the 4096 encoded bits, where 2048 of the 3552 to-be-encoded bits are obtained through the
PCS processing.

[00671] An embodiment of this application further provides a data processing apparatus in

optical communication. The apparatus may be a transmitter device or a component (or a
module) used in the transmitter device. The apparatus includes a plurality of units,
configured to implement any one of the foregoing data sending methods in optical
communication in FIG. 5A to FIG. 22. In a possible manner, the data processing apparatus
may include M FEC encoding processing units and a first data processing unit. Each FEC
encoding processing unit is configured to implement an "FEC encoding processing"
function. For example, each FEC encoding processing unit may include two FEC encoding

units and one interleaving unit. In some embodiments, the first data processing unit may
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include one or more symbol mapping units, one or more polarization distribution units, one
wavelength distribution unit (which may also be referred to as a distribution processing unit),
and the like. The first data processing unit may further include one or more bit group
merging units. In some possible implementations, the data processing apparatus may further
include one or more DSP framing units. The symbol mapping unit is configured to
implement a symbol mapping processing function, the polarization distribution unit may be
configured to implement a polarization distribution function, and the wavelength
distribution unit may be configured to implement a distribution processing (in other words,
wavelength distribution) function. The DSP framing unit implements a DSP framing
function. Specific functions performed by the units are described above. Details are not

described herein again.

[00672] In some other embodiments, the first data processing unit may include one or more

symbol mapping units, one or more polarization distribution units, and one exchange
processing unit. The first data processing unit may further include one or more bit group
merging units. In some possible implementations, the data processing apparatus may further
include one or more DSP framing units, and the like. The exchange processing unit is
configured to implement an exchange processing function. Specific functions performed by

the units are described above. Details are not described herein again.

[00673] An embodiment of this application further provides a data processing apparatus in

optical communication. The apparatus may be a receiver device or a component (or a
module) used in the receiver device. The apparatus includes a plurality of units, configured
to implement any one of the foregoing data receiving methods in optical communication. In
a possible manner, the data processing apparatus may include M FEC decoding processing
units and a second data processing unit. Each FEC decoding processing unit is configured
to implement an "FEC decoding processing" function. For example, each FEC decoding
processing unit may include two FEC decoding units and one interleaving unit. In some
embodiments, the second data processing unit may include one or more symbol demapping
units, one or more polarization combining units, one wavelength merging unit (which may
also be referred to as a merging processing unit), and the like. The second data processing
unit may further include one or more bit merging units. The data processing apparatus may
further include one or more receiver DSP units. The symbol demapping unit is configured
to implement a symbol demapping processing function, the polarization combining unit
may be configured to implement a polarization combining function, and the wavelength
merging unit may be configured to implement a wavelength merging processing function.

The receiver DSP unit is configured to implement a receiver DSP function. Specific
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functions performed by the units are described above. Details are not described herein again.

[00674] In some other embodiments, the second data processing unit may include one or more

symbol demapping units, one or more polarization combining units, and one inverse
exchange processing unit. The second data processing unit may further include one or more
bit group merging units. The data processing apparatus may further include one or more
receiver DSP units. The inverse exchange processing unit is configured to implement an
inverse exchange processing function. Specific functions performed by the units are

described above. Details are not described herein again.

[00675] It should be noted that the units may be physically independent units, or may be a same

unit integrated together; and each may be a logical unit obtained through division based on
a function, or each may be a corresponding hardware unit. In some embodiments, when the
units each are the logical unit, each function described in FIG. 5A to FIG. 21 may correspond
to one unit. For example, a polarization distribution function may be understood as being
performed by one polarization distribution unit. In some embodiments, when a plurality of
data streams are processed, it may be understood as that a plurality of polarization
distribution units may be included. The plurality of polarization distribution units perform

the polarization distribution function in parallel.

[00676] An embodiment of this application further provides a data processing apparatus in

optical communication. The apparatus may be a transmitter device or a component (or a
module) used in the transmitter device. The apparatus includes a plurality of units,
configured to implement any one of the foregoing data sending methods in optical
communication in FIG. 23, FIG. 24, FIG. 25A, FIG. 25B, FIG. 26A, FIG. 26B, and FIG.
27. In a possible manner, the data processing apparatus may include M FEC encoding
processing units and a third data processing unit. Each FEC encoding processing unit is
configured to implement an "FEC encoding processing" function. For example, each FEC
encoding processing unit may include two FEC encoding units and one interleaving unit. In
some embodiments, the third data processing unit may include one or more symbol mapping
units, one or more polarization distribution units, one wavelength distribution unit (which
may also be referred to as a distribution processing unit), and the like. The third data
processing unit may further include one or more bit group merging units. In some possible
implementations, the third data processing unit may further include one or more DSP
framing units. The symbol mapping unit is configured to implement a symbol mapping
processing function, the polarization distribution unit may be configured to implement a
polarization distribution function, and the wavelength distribution unit may be configured

to implement a distribution processing (in other words, wavelength distribution) function.
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The DSP framing unit implements a DSP framing function. Specific functions performed
by the units are described above. Details are not described herein again.
[00677] In some other embodiments, the third data processing unit may include one or more
symbol mapping units, one or more polarization distribution units, and one exchange
5 processing unit. The third data processing unit may further include one or more bit group
merging units. In some possible implementations, the third data processing unit may further
include one or more DSP framing units, and the like. The exchange processing unit is
configured to implement an exchange processing function. Specific functions performed by
the units are described above. Details are not described herein again.

10 [00678] An embodiment of this application further provides a data processing apparatus in
optical communication. The apparatus may be a receiver device or a component (or a
module) used in the receiver device. The apparatus includes a plurality of units, configured
to implement any one of the foregoing data receiving methods in optical communication in
FIG. 24 to FIG. 26B. In a possible manner, the data processing apparatus may include M

15 FEC decoding processing units and a fourth data processing unit. Each FEC decoding
processing unit is configured to implement an "FEC decoding processing" function. For
example, each FEC decoding processing unit may include two FEC decoding units and one
interleaving unit. In some embodiments, the fourth data processing unit may include one or
more symbol demapping units, one or more polarization combining units, one wavelength

20 merging unit (which may also be referred to as a merging processing unit), and the like. The
fourth data processing unit may further include one or more bit merging units. The fourth
data processing unit may further include one or more receiver DSP units. The symbol
demapping unit is configured to implement a symbol demapping processing function, the
polarization combining unit may be configured to implement a polarization combining

25 function, and the wavelength merging unit may be configured to implement a wavelength
merging processing function. The receiver DSP unit is configured to implement a receiver
DSP function. Specific functions performed by the units are described above. Details are
not described herein again.

[00679] In some other embodiments, the fourth data processing unit may include one or more

30 symbol demapping units, one or more polarization combining units, and one inverse
exchange processing unit. The fourth data processing unit may further include one or more
bit group merging units. The fourth data processing unit may further include one or more
receiver DSP units. The inverse exchange processing unit is configured to implement an
inverse exchange processing function. Specific functions performed by the units are

35 described above. Details are not described herein again.
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[00680] It should be noted that the units may be physically independent units, or may be a same

unit integrated together; and each may be a logical unit obtained through division based on
a function, or each may be a corresponding hardware unit. In some embodiments, when the
units each are the logical unit, each function described in FIG. 23, FIG. 24, FIG. 25A, FIG.
25B, FIG. 26A, FIG. 26B, and FIG. 27 may correspond to one unit. For example, a
polarization distribution function may be understood as being performed by one polarization
distribution unit. In some embodiments, when a plurality of data streams are processed, it
may be understood as that a plurality of polarization distribution units may be included. The
plurality of polarization distribution units perform the polarization distribution function in

parallel.

[00681] FIG. 28 is a diagram of a structure of a data processing apparatus according to an

embodiment of this application. As shown in FIG. 28, the data processing apparatus 220
may include one or more processors 2201, a memory 2202, and a communication interface
2203. These components may be connected to each other through a bus 2204 or in another
manner. In FIG. 28, an example in which these components are connected to each other
through the bus is used. The processor 2201 may be a general-purpose processor, for
example, a central processing unit (central processing unit, CPU), a digital signal processor
(digital signal processor, DSP), an application-specific integrated circuit (application-
specific integrated circuit, ASIC), or one or more integrated circuits configured to
implement embodiments of this application. The processor 2201 may process data received
through the communication interface 2203. The processor 2201 may further process a signal
or data to be sent to the communication interface 2203. It should be noted that the memory
is optional. In an embodiment, the processor and the memory in the data processing

apparatus are two independent structures.

[00682] The memory 2202 may be coupled to the processor 2201 through the bus 2204 or an

input/output port, or the memory 2202 may be integrated with the processor 2201. The
memory 2202 is configured to store various software programs and/or a plurality of groups
of instructions. Specifically, the memory 2202 may include a high-speed random access
memory, and may also include a nonvolatile memory, for example, one or more disk storage
devices, a flash memory device, or another nonvolatile solid-state storage device. The
memory 2202 may further store program code. The program code may be for
communicating with one or more attached devices, one or more terminals, or one or more
network devices. The communication interface 2203 may be configured to receive a signal
or data that is input into the data processing apparatus 220, or may be configured to output

a signal or data that is obtained by the processor 2201 through processing. There may be
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one or more communication interfaces 2203.

[00683] The processor 2201 may be configured to read and execute computer-readable

instructions. In a possible application scenario, the data processing apparatus is used in a
transmitter device or a component in the transmitter device. The processor 2201 may be
configured to: invoke a program stored in the memory 2202, for example, an
implementation program in the transmitter device in the data processing method provided
in one or more embodiments of this application, and execute instructions included in the
program, to implement a data processing method in a subsequent embodiment. In another
possible application scenario, the data processing apparatus is used in a receiver device or
a component in the receiver device. The processor 2201 may be configured to: invoke a
program stored in the memory 2202, for example, an implementation program in the
receiver device in the data processing method provided in one or more embodiments of this
application, and execute instructions included in the program, to implement a data

processing method in a subsequent embodiment.

[00684] The data processing apparatus 220 shown in FIG. 28 is merely an implementation of

this embodiment of this application. In actual application, the data processing apparatus 220

may further include more or fewer components. This is not limited herein.

[00685] FIG. 29 is a diagram of a structure of a chip according to an embodiment of this

application. As shown in FIG. 29, the chip 230 may include a processor 2301, and one or

more communication interfaces 2302 coupled to the processor 2301.

[00686] The processor 2301 may be configured to read and execute computer-readable

instructions. During specific implementation, the processor 2301 may mainly include a
controller, an arithmetic logic unit, and a register. The controller is mainly responsible for
instruction decoding, and sends a control signal for an operation corresponding to the
instructions. The arithmetic logic unit is mainly responsible for performing a fixed-point or
floating-point arithmetic operation, a shift operation, a logic operation, and the like, and
may also perform an address operation and address translation. The register is mainly
responsible for storing a register operand, intermediate operation results, and the like that
are temporarily stored in an instruction execution process. During specific implementation,
a hardware architecture of the processor 2301 may be an application-specific integrated
circuit (application-specific integrated circuit, ASIC) architecture, an MIPS architecture, an
ARM architecture, an NP architecture, or the like. The processor 2301 may be a single-core
processor or a multi-core processor. The communication interface 2302 may be configured
to input a to-be-processed signal or data to the processor 2301, and may output a processing

result of the processor 2301 to the outside. For example, the communication interface 2302
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may be a general-purpose input/output (general-purpose input/output, GPIO) interface, and
may be connected to a plurality of peripheral devices (for example, a display (LCD), a
camera (camera), and a radio frequency (radio frequency, RF) module). The communication

interface 2302 is connected to the processor 2301 through a bus 2303.

[00687] In this application, the processor 2301 may be configured to invoke, from a memory,

an implementation program on a transmitter device side in the data processing method
provided in one or more embodiments of this application, and execute instructions included
in the program; or may be configured to invoke, from a memory, an implementation
program on a receiver device side in the data processing method provided in one or more
embodiments of this application, and execute instructions included in the program. The
communication interface 2302 may be configured to output an execution result of the
processor 2301. In this application, the communication interface 2302 may be specifically
configured to output a bit data stream obtained by the processor 2301 through processing,
or output W dual-polarization symbol data streams obtained by the processor 2301 through
processing. For the data processing method provided in one or more embodiments of this
application, refer to the embodiments shown in FIG. 2 to FIG. 4, FIG. 5A, FIG. 5B, FIG.
6A, FIG. 6B, FIG. 7A, FIG. 7B, FIG. 8A, FIG. 8B, FIG. 9A to FIG. 9D, FIG. 10A to FIG.
10D, FIG. 11A, FIG. 11B, FIG. 12A, FIG. 12B, FIG. 13A, FIG. 13B, FIG. 14A, FIG. 14B,
FIG. 15A, FIG. 15B, FIG. 16 to FIG. 24, FIG. 25A, FIG. 25B, FIG. 26A, FIG. 26B, and

FIG. 27. Details are not described herein again.

[00688] It should be noted that a function corresponding to each of the processor 2301 and the

communication interface 2302 may be implemented by using a hardware design, may be
implemented by using a software design, or may be implemented by a combination of

software and hardware. This is not limited herein.

[00689] The readable storage medium in embodiments of this application may include any

medium that can store program code, such as a USB flash disk, a removable hard disk, a

read-only memory, a random access memory, a magnetic disk, or an optical disc.

[00690] A person skilled in the art should understand that embodiments of this application may

be provided as a method, a system, or a computer program product. Therefore, this
application may use a form of hardware only embodiments, software only embodiments, or
embodiments with a combination of software and hardware. In addition, this application
may use a form of a computer program product that is implemented on one or more
computer-usable storage media (including but not limited to a disk memory, a CD-ROM, an

optical memory, and the like) that include computer-usable program code.

[00691] This application is described with reference to the flowcharts and/or block diagrams of
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the method, the device (system), and the computer program product according to
embodiments of this application. It should be understood that computer program
instructions may be for implementing each procedure and/or each block in the flowcharts
and/or the block diagrams and a combination of a procedure and/or a block in the flowcharts
and/or the block diagrams. These computer program instructions may be provided for a
general-purpose computer, a dedicated computer, an embedded processor, or a processor of
another programmable data processing device to generate a machine, so that the instructions
executed by a computer or a processor of the another programmable data processing device
generate an apparatus for implementing a specific function in one or more procedures in the

flowcharts and/or in one or more blocks in the block diagrams.

[00692] These computer program instructions may alternatively be stored in a computer-

readable memory that can instruct the computer or another programmable data processing
device to work in a specific manner, so that the instructions stored in the computer-readable
memory generate an artifact that includes an instruction apparatus. The instruction apparatus
implements a specific function in one or more procedures in the flowcharts and/or in one or

more blocks in the block diagrams.

[00693] These computer program instructions may alternatively be loaded onto a computer or

another programmable data processing device, so that a series of operations and steps are
performed on the computer or the another programmable device, so that computer-
implemented processing is generated. Therefore, the instructions executed on the computer
or the another programmable device provide steps for implementing a specific function in

one or more procedures in the flowcharts and/or in one or more blocks in the block diagrams.

[00694] Itis clear that a person skilled in the art may make various modifications and variations

to embodiments of this application without departing from the scope of embodiments of this
application. In this case, this application is intended to cover these modifications and
variations of embodiments of this application provided that they fall within the scope of the

claims of this application and equivalent technologies thereof.
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[Claim 1]

[Claim 2]

[Claim 3]

[Claim 4]

CLAIMS

A data processing method in optical communication, comprising:

obtaining a to-be-sent bit data stream;

performing forward error correction FEC encoding processing on the to-be-sent bit
data stream, to obtain M first encoded data streams, wherein M is an integer greater
than 1; and

performing first data processing on the M first encoded data streams, to obtain W first
dual-polarization symbol data streams, wherein

W is an integer greater than 1; each of the W first dual-polarization symbol data
streams is located in two orthogonal polarization directions; the first data processing
comprises symbol mapping processing; in either of the two polarization directions, P
consecutive symbols in the first dual-polarization symbol data stream are obtained
by performing symbol mapping processing on q X P bits, and the q X P bits are
from at least two of the M first encoded data streams, wherein P is an integer greater
than 1, and q is a positive integer; and in either polarization direction, each symbol is
obtained by performing symbol mapping processing on q bits.

The method according to claim 1, wherein the method further comprises:
performing digital signal processing DSP framing on each of the W first dual-
polarization symbol data streams, to obtain W second dual-polarization symbol data
streams; and

sending the W second dual-polarization symbol data streams on W paths of optical
signals, wherein the W second dual-polarization symbol data streams are respectively
carried on the W paths of optical signals, wavelengths of the W paths of optical
signals are all different; or sending the W second dual-polarization symbol data
streams through W optical fibers respectively; or performing digital subcarrier
multiplexing on W subcarriers, to obtain one signal stream, and sending the signal
stream, wherein the W second dual-polarization symbol data streams are respectively
carried on the W subcarriers respectively.

The method according to claim 1 or 2, wherein P=M, the q X P bits are from the M
first encoded data streams, and every q bits in the q X P bits are from one of the M
first encoded data streams.

The method according to claim 3, wherein in either polarization direction, q bits that
are mapped to one symbol through the symbol mapping processing are from a same

first encoded data stream.
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[Claim 5]

[Claim 6]

[Claim 7]

[Claim 8]

[Claim 9]

The method according to claim 3 or 4, wherein M consecutive dual-polarization
symbols in the first dual-polarization symbol data stream totally comprise 2 X M
symbols in the two polarization directions, the 2 X M symbols are obtained by
performing symbol mapping on 2 X g X M bits, and the 2 X g X M bits are from
the M first encoded data streams; and two symbols totally comprised in each dual-
polarization symbol in the two polarization directions are obtained by performing
symbol mapping on 2 X q bits that belong to a same first encoded data stream.

The method according to any one of claims 1 to 5, wherein performing first data
processing on the M first encoded data streams, to obtain the W first dual-polarization
symbol data streams comprises:

merging the M first encoded data streams into a second encoded data stream;
performing distribution processing on the second encoded data stream, to obtain W
third encoded data streams;

performing symbol mapping processing on each of the W third encoded data streams,
to obtain W first symbol data streams; and

performing polarization distribution on each of the W first symbol data streams, to
obtain the W first dual-polarization symbol data streams.

The method according to claim 6, wherein every M consecutive bit sets in the second
encoded data stream are from the M first encoded data streams, and each of the M bit
sets comprises S, consecutive bits from a same first encoded data stream, wherein
Sp 1s a positive integer; and every L; consecutive bits in the second encoded data
stream are distributed into one third encoded data stream, wherein L; is a positive
integer, and L; is an integer multiple of Sy X M/W.

The method according to claim 7, wherein L; = Sy X M, and every L; consecutive
bits in the third encoded data stream comprise the M bit sets from the M first encoded
data streams.

The method according to any one of claims 1 to 5, wherein performing first data
processing on the M first encoded data streams, to obtain the W first dual-polarization
symbol data streams comprises:

merging the M first encoded data streams into a second encoded data stream;
performing symbol mapping processing on the second encoded data stream, to obtain
a second symbol data stream;

distributing the second symbol data stream, to obtain W third symbol data streams;
and

performing polarization distribution on each of the W third symbol data streams, to
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[Claim 10]

[Claim 11]

[Claim 12]

[Claim 13]

[Claim 14]
[Claim 15]

[Claim 16]

obtain the W first dual-polarization symbol data streams.

The method according to claim 9, wherein every M consecutive bit sets in the second
encoded data stream are from the M first encoded data streams, and each of the M bit
sets comprises S, consecutive bits from a same first encoded data stream, wherein
Sy 1s a positive integer; and every 2 X L, consecutive symbols in the third symbol
data stream are obtained by performing symbol mapping processing on L, X 2 X q
bits, and the L, X 2 X q bits are from the M first encoded data streams, wherein L,
is a positive integer, and L, is an integer multiple of Sy X M/(W X q).

The method according to claim 10, wherein L, = S, X M/q, and the L, X2 X q
bits comprise the M bit sets from the M first encoded data streams.

The method according to any one of claims 1 to 5, wherein performing first data
processing on the M first encoded data streams, to obtain the W first dual-polarization
symbol data streams comprises:

merging the M first encoded data streams into a second encoded data stream;
performing symbol mapping processing on the second encoded data stream, to obtain
a second symbol data stream;

performing polarization distribution on the second symbol data stream separately, to
obtain a third dual-polarization symbol data stream; and

performing distribution processing on the third dual-polarization symbol data stream,
to obtain the W first dual-polarization symbol data streams.

The method according to claim 12, wherein every M consecutive bit sets in the
second encoded data stream are from the M first encoded data streams, and each of
the M bit sets comprises S, consecutive bits from a same first encoded data stream,
wherein S, is a positive integer, and P is an integer multiple of Sy X M/(W X 2 X
Q).

The method according to any one of claims 7, 8, 10, 11, and 13, wherein S, = 2 X q.
The method according to any one of claims 1 to 5, wherein performing first data
processing on the M first encoded data streams, to obtain the W first dual-polarization
symbol data streams comprises:

distributing the M first encoded data streams into W fourth encoded data streams;
performing symbol mapping processing on each of the W fourth encoded data
streams, to obtain W fourth symbol data streams; and

performing polarization distribution on each of the W fourth symbol data streams, to
obtain the W first dual-polarization symbol data streams.

The method according to claim 15, wherein every S; X M/W consecutive bits in the
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[Claim 17]

[Claim 18]

[Claim 19]

[Claim 20]

[Claim 21]

fourth encoded data stream are from the M first encoded data streams, and a quantity
of bits that belong to each of the M first encoded data streams in every S; X M/W
consecutive bits in the fourth encoded data stream is the same, wherein S; is a
positive integer, and S; X M is an integer multiple of W.

The method according to claim 16, wherein S; =2 X qXW, every 2XqXM
consecutive bits in the fourth encoded data stream comprise M bit sets, the M bit sets
are from different first encoded data streams, and each of the M bit sets comprises
2 X q consecutive bits that belong to a same first encoded data stream.

The method according to any one of claims 1 to 5, wherein performing first data
processing on the M first encoded data streams, to obtain the W first dual-polarization
symbol data streams comprises:

performing symbol mapping processing on the M first encoded data streams, to
obtain a fifth symbol data stream;

performing distribution processing on the fifth symbol data stream, to obtain W sixth
symbol data streams; and

performing polarization distribution on the W sixth symbol data streams, to obtain
the W first dual-polarization symbol data streams.

The method according to claim 18, wherein every 2 X P consecutive symbols in the
fifth symbol data stream are obtained by performing symbol mapping processing on
2 X P x q bits, and the 2 X P X q bits are from at least two of the M first encoded
data streams; and every 2 X P XZ/W consecutive symbols in the 2XP XZ
consecutive symbols in the fifth symbol data stream are distributed into one sixth
symbol data stream, wherein 2 X P X Z is an integer multiple of W, and Z is a
positive integer.

The method according to any one of claims 1 to 5, wherein performing first data
processing on the M first encoded data streams, to obtain the W first dual-polarization
symbol data streams comprises:

performing symbol mapping processing on each of the M first encoded data streams,
to obtain M eleventh symbol data streams;

performing distribution processing on the M eleventh symbol data streams, to obtain
W sixth symbol data streams; and

performing polarization distribution on the W sixth symbol data streams, to obtain
the W first dual-polarization symbol data streams.

The method according to claim 20, wherein every S; X M/W consecutive symbols
in the sixth symbol data stream are from the M eleventh symbol data streams, and a
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[Claim 22]

[Claim 23]

[Claim 24]

[Claim 25]

quantity of symbols that belong to each of the M eleventh symbol data streams in
every S; X M/W consecutive symbols in the sixth symbol data stream is the same,
wherein S; is a positive integer, and S; X M is an integer multiple of W.

The method according to any one of claims 1 to 5, wherein performing first data
processing on the M first encoded data streams, to obtain the W first dual-polarization
symbol data streams comprises:

performing symbol mapping processing on the M first encoded data streams, to
obtain a fifth symbol data stream;

performing polarization distribution on the fifth symbol data stream separately, to
obtain a fourth dual-polarization symbol data stream; and

performing distribution processing on the fourth dual-polarization symbol data
stream, to obtain the W first dual-polarization symbol data streams.

The method according to claim 22, wherein every P consecutive dual-polarization
symbols in the fourth dual-polarization symbol data stream are obtained by
performing symbol mapping processing on 2 X P X q bits, and the 2 X P X q bits
are from at least two of the M first encoded data streams; and every P X Z/W
consecutive symbols in the P X Z consecutive dual-polarization symbols in the
fourth dual-polarization symbol data stream are distributed into one first dual-
polarization symbol data stream, wherein 2 X P X Z is an integer multiple of W,
and Z is a positive integer.

The method according to any one of claims 1 to 5, wherein performing first data
processing on the M first encoded data streams, to obtain the W first dual-polarization
symbol data streams comprises:

performing symbol mapping processing on each of the M first encoded data streams,
to obtain M eleventh symbol data streams;

performing polarization distribution on each of the eleventh symbol data streams, to
obtain M seventh dual-polarization symbol data streams; and

performing distribution processing on the M seventh dual-polarization symbol data
streams, to obtain the W first dual-polarization symbol data streams.

The method according to claim 24, wherein every S; X M/W consecutive symbols
in the first dual-polarization symbol data stream are from the M seventh dual-
polarization symbol data streams, and a quantity of symbols that belong to each of
the M seventh dual-polarization symbol data streams in every S; X M/W consecutive
symbols in the first dual-polarization symbol data stream is the same, wherein S; 1is
a positive integer, and S; X M is an integer multiple of W.
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[Claim 26]

[Claim 27]

The method according to any one of claims 1 to 25, wherein M=4, and W=2; M=2,
and W=2; or M=4, and W=4.

The method according to any one of claims 1 to 26, wherein performing FEC
encoding processing on the to-be-sent bit data stream, to obtain the M first encoded
data streams comprises:

performing FEC encoding on every 2xM bit sequences in the to-be-sent bit data
stream in parallel, to obtain 2xM fifth encoded data streams, wherein each of the

2xM bit sequences comprises a plurality of bits; and

performing interleaving processing on every two fifth encoded data streams in the 2xM fifth

[Claim 28]

[Claim 29]

[Claim 30]

encoded data streams, to obtain the M first encoded data streams.

A data processing method in optical communication, comprising:

obtaining W first dual-polarization symbol data streams, wherein W is an integer
greater than 1, each of the W first dual-polarization symbol data streams is located in
two orthogonal polarization directions; and

performing second data processing on the W first dual-polarization symbol data
streams, to obtain M first encoded data streams, wherein

M is an integer greater than 1, the second data processing comprises symbol
demapping processing, and q X P bits obtained by performing symbol demapping
processing on P consecutive symbols in the first dual-polarization symbol data stream
are distributed into at least two of the M first encoded data streams in either
polarization direction, wherein P is an integer greater than 1, and q is a positive
integer; and in either polarization direction, q bits are obtained by performing symbol
demapping processing on each symbol; and

performing FEC decoding processing on the M first encoded data streams, to obtain
a to-be-received bit data stream.

The method according to claim 28, wherein obtaining the W first dual-polarization
symbol data streams comprises:

receiving W second dual-polarization symbol data streams from a transmitter device
via W paths of optical signals with different wavelengths or through W optical fibers;
or demultiplexing one received signal stream to obtain W subcarriers, to obtain W
second dual-polarization symbol data streams from a transmitter device; and
performing receiver digital signal processing DSP on each of the W second dual-
polarization symbol data streams, to obtain the W first dual-polarization symbol data
streams.

The method according to claim 28 or 29, wherein P=M, the q X P bits are
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[Claim 31]

[Claim 32]

[Claim 33]

[Claim 34]

[Claim 35]

[Claim 36]

distributed into the M first encoded data streams, and every q bits in the q X P bits
are distributed into one of the M first encoded data streams.

The method according to claim 30, wherein in either polarization direction, the q bits
obtained by performing symbol demapping processing on each symbol are
distributed into a same first encoded data stream.

The method according to claim 30 or 31, wherein M consecutive dual-polarization
symbols in the first dual-polarization symbol data stream totally comprise 2 X M
symbols in the two polarization directions, 2 X qX M bits are obtained by
performing symbol demapping on the 2 X M symbols, and the 2 X q X M bits are
distributed into the M first encoded data streams; and 2 X q bits obtained by
performing symbol demapping on two symbols totally comprised in each dual-
polarization symbol in the two polarization directions are distributed into a same first
encoded data stream.

The method according to any one of claims 28 to 32, wherein performing second data
processing on the W first dual-polarization symbol data streams, to obtain the M first
encoded data streams comprises:

performing polarization combining on each of the W first dual-polarization symbol
data streams, to obtain W first symbol data streams;

performing symbol demapping on each of the W first symbol data streams, to obtain
W third encoded data streams;

performing merging processing on the W third encoded data streams, to obtain a
second encoded data stream; and

distributing the second encoded data stream into the M first encoded data streams.
The method according to claim 33, wherein every M consecutive bit sets in the
second encoded data stream are distributed into the M first encoded data streams, and
each of the M bit sets comprises S, consecutive bits that belong to a same first
encoded data stream, wherein S, is a positive integer; and every L; consecutive
bits in the second encoded data stream are from a same third encoded data stream,
wherein L; is a positive integer, and L, is an integer multiple of S, X M/W.

The method according to claim 34, wherein L; =Sy X M, every L; consecutive
bits in the third encoded data stream comprise the M bit sets, and the M bit sets are
distributed into the M first encoded data streams.

The method according to any one of claims 28 to 32, wherein performing second data
processing on the W first dual-polarization symbol data streams, to obtain the M first
encoded data streams comprises:
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[Claim 37]

[Claim 38]

[Claim 39]

[Claim 40]

[Claim 41]

[Claim 42]

performing polarization combining on the W first dual-polarization symbol data
streams, to obtain W third symbol data streams;

merging the W third symbol data streams, to obtain a second symbol data stream,;
performing symbol demapping processing on the second symbol data stream, to
obtain a second encoded data stream; and

distributing the second encoded data stream into the M first encoded data streams.
The method according to claim 36, wherein every M consecutive bit sets in the
second encoded data stream are distributed into the M first encoded data streams, and
Sy consecutive bits comprised in each of the M bit sets are distributed into a same
first encoded data stream, wherein S, is a positive integer; and L, X 2 X q bits are
obtained by performing symbol demapping processing on every 2 X L, consecutive
symbols in the third symbol data stream, and the L, X 2 X q bits are distributed into
the M first encoded data streams, wherein L, is a positive integer, and L, is an
integer multiple of So X M/(W X q).

The method according to claim 37, wherein L, =S, X M/q, and the L, X 2 X q
bits comprise the M bit sets that enter the M first encoded data streams.

The method according to any one of claims 28 to 32, wherein performing second data
processing on the W first dual-polarization symbol data streams, to obtain the M first
encoded data streams comprises:

performing merging processing on the W first dual-polarization symbol data streams,
to obtain a third dual-polarization symbol data stream;

performing polarization combining on the third dual-polarization symbol data stream,
to obtain a second symbol data stream;

performing symbol demapping processing on the second symbol data stream, to
obtain a second encoded data stream; and

distributing the second encoded data stream into the M first encoded data streams.
The method according to claim 39, wherein every M consecutive bit sets in the
second encoded data stream are distributed into the M first encoded data streams, and
each of the M bit sets comprises S, consecutive bits that enter a same first encoded
data stream, wherein S, is a positive integer, and P is an integer multiple of
So X M/(W X 2 X q).

The method according to any one of claims 34, 35, 37, 38, and 40, wherein S, =
2 XqQ.

The method according to any one of claims 28 to 32, wherein performing second data
processing on the W first dual-polarization symbol data streams, to obtain the M first
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[Claim 43]

[Claim 44]

[Claim 45]

[Claim 46]

[Claim 47]

encoded data streams comprises:

performing polarization combining on the W first dual-polarization symbol data
streams, to obtain W fourth symbol data streams;

performing symbol demapping processing on the W fourth symbol data streams, to
obtain W fourth encoded data streams; and

distributing the W fourth encoded data streams into the M first encoded data streams.
The method according to claim 42, wherein every S; X M/W consecutive bits in the
fourth encoded data stream are distributed into the M first encoded data streams, and
a quantity of bits that enter each of the M first encoded data streams in every
S1 X M/W consecutive bits in the fourth encoded data stream is the same, wherein
S, is a positive integer, and S; X M 1is an integer multiple of W.

The method according to claim 43, wherein S; =2 X gqXW, every 2X qXxM
consecutive bits in the fourth encoded data stream comprise M bit sets, the M bit sets
are distributed into different first encoded data streams, and each of the M bit sets
comprises 2 X q consecutive bits that are distributed into a same first encoded data
stream.

The method according to any one of claims 28 to 32, wherein performing second data
processing on the W first dual-polarization symbol data streams, to obtain the M first
encoded data streams comprises:

performing polarization combining on the W first dual-polarization symbol data
streams, to obtain W sixth symbol data streams;

merging the W sixth symbol data streams, to obtain a fifth symbol data stream; and
performing symbol demapping processing on the fifth symbol data stream, to obtain
the M first encoded data streams.

The method according to claim 45, wherein 2 X P X q bits are obtained by
performing symbol demapping processing on every 2 X P consecutive symbols in
the fifth symbol data stream, and the 2 X P X q bits are distributed into at least two
of the M first encoded data streams; and every 2 X P X Z/W consecutive symbols in
the 2 X P X Z consecutive symbols in the fifth symbol data stream are from a same
sixth symbol data stream, wherein 2 X P X Z is an integer multiple of W, and Z is
a positive integer.

The method according to any one of claims 28 to 32, wherein performing second data
processing on the W first dual-polarization symbol data streams, to obtain the M first
encoded data streams comprises:

performing polarization combining on the W first dual-polarization symbol data
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[Claim 48]

[Claim 49]

[Claim 50]

[Claim 51]

streams, to obtain W sixth symbol data streams;

merging the W sixth symbol data streams, to obtain M eleventh symbol data streams;
and

performing symbol demapping processing on each of the M eleventh symbol data
streams, to obtain the M first encoded data streams.

The method according to claim 47, wherein every S; X M/W consecutive symbols
in the sixth symbol data stream are distributed into the M eleventh symbol data
streams, and a quantity of symbols that enter each of the M eleventh symbol data
streams in every S; X M/W consecutive symbols in the sixth symbol data stream is
the same, wherein S; is a positive integer, and S; X M is an integer multiple of W.
The method according to any one of claims 28 to 32, wherein performing second data
processing on the W first dual-polarization symbol data streams, to obtain the M first
encoded data streams comprises:

performing merging processing on the W first dual-polarization symbol data streams,
to obtain a fourth dual-polarization symbol data stream;

performing polarization combining on the fourth dual-polarization symbol data
stream, to obtain a fifth symbol data stream; and

performing symbol demapping processing on the fifth symbol data stream, to obtain
the M first encoded data streams.

The method according to claim 49, wherein 2 X P X q bits are obtained by
performing symbol demapping processing on every P consecutive dual-polarization
symbols in the fourth dual-polarization symbol data stream, and the 2 X P X q bits
are distributed into at least two of the M first encoded data streams; and every
P X Z/W consecutive symbols in the P X Z consecutive dual-polarization symbols
in the fourth dual-polarization symbol data stream are from a same first dual-
polarization symbol data stream, wherein 2 X P X Z is an integer multiple of W,
and Z is a positive integer.

The method according to any one of claims 28 to 32, wherein performing second data
processing on the W first dual-polarization symbol data streams, to obtain the M first
encoded data streams comprises:

performing merging processing on the W first dual-polarization symbol data streams,
to obtain M seventh dual-polarization symbol data streams;

performing polarization combining on each of the M seventh dual-polarization
symbol data streams, to obtain M eleventh symbol data streams; and

performing symbol demapping processing on each of the M eleventh symbol data
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[Claim 52]

[Claim 53]

[Claim 54]

[Claim 55]

streams, to obtain the M first encoded data streams.

The method according to claim 51, wherein every S; X M/W consecutive symbols
in the first dual-polarization symbol data stream are distributed into the M seventh
dual-polarization symbol data streams, and a quantity of symbols that enter each of
the M seventh dual-polarization symbol data streams in every S; X M/W consecutive
symbols in the first dual-polarization symbol data stream is the same, wherein S; is
a positive integer, and S; X M is an integer multiple of W.

The method according to any one of claims 28 to 52, wherein M=4, and W=2; M=2,
and W=2; or M=4, and W=4.

The method according to any one of claims 28 to 52, wherein performing FEC
decoding processing on the M first encoded data streams, to obtain the to-be-received
bit data stream comprises:

performing de-interleaving processing on the M first encoded data streams, to obtain
2xM fifth encoded data streams; and

performing FEC decoding processing on the 2xM fifth encoded data streams in
parallel, to obtain the to-be-sent bit data stream, wherein

every 2xM consecutive bit sequences in the bit data stream are from the 2xM fifth
encoded data streams, and a plurality of bits comprised in each of the 2xM bit
sequences are from a same fifth encoded data stream.

A data processing method in optical communication, comprising:

obtaining a to-be-sent bit data stream;

performing forward error correction FEC encoding processing on the to-be-sent bit
data stream, to obtain M first encoded data streams, wherein M is an integer greater
than 1; and

performing third data processing on the M first encoded data streams, to obtain W
second dual-polarization symbol data streams, wherein

W is an integer greater than 1; each of the W second dual-polarization symbol data
streams 1s located in two orthogonal polarization directions; the third data processing
comprises digital signal processing DSP framing processing and symbol mapping
processing; in either of the two polarization directions, P consecutive symbols other
than a first symbol sequence in the second dual-polarization symbol data stream are
obtained by performing symbol mapping processing on q X P bits, the first symbol
sequence comprises one or more of a pilot symbol, a frame alignment word, a training
symbol, or a reserved symbol, and the q X P bits are from at least two of the M first

encoded data streams, wherein P is an integer greater than 1, and q is a positive integer;
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[Claim 56]

[Claim 57]

[Claim 58]

[Claim 59]

[Claim 60]

[Claim 61]

and in either polarization direction, each symbol is obtained by performing symbol
mapping processing on q bits.

The method according to claim 55, wherein the method further comprises:

carrying the W second dual-polarization symbol data streams on W paths of optical
signals respectively, and sending the W second dual-polarization symbol data streams,
wherein wavelengths of the W paths of optical signals are all different; sending the
W second dual-polarization symbol data streams through W optical fibers
respectively; or carrying the W second dual-polarization symbol data streams on W
subcarriers respectively, performing digital subcarrier multiplexing to obtain one
signal stream, and sending the signal stream.

The method according to claim 55 or 56, wherein P=M, the q X P bits are from the
M first encoded data streams, and every q bits in the q X P bits are from one of the
M first encoded data streams.

The method according to claim 57, wherein in either polarization direction, q bits
that are mapped to one symbol through the symbol mapping processing are from a
same first encoded data stream.

The method according to claim 57 or 58, wherein M consecutive dual-polarization
symbols other than the first symbol sequence in the second dual-polarization symbol
data stream totally comprise 2 X M symbols in the two polarization directions, the
2 X M symbols are obtained by performing symbol mapping on 2 X q X M bits,
and the 2 X qXxXM bits are from the M first encoded data streams; and two
symbols totally comprised in each dual-polarization symbol in the two polarization
directions are obtained by performing symbol mapping on 2 X q bits that belong to
a same first encoded data stream.

The method according to any one of claims 55 to 59, wherein performing third data
processing on the M first encoded data streams, to obtain the W second dual-
polarization symbol data streams comprises:

merging the M first encoded data streams into a second encoded data stream,;
performing distribution processing on the second encoded data stream, to obtain W
third encoded data streams;

performing DSP framing processing on each of the W third encoded data streams, to
obtain W eighth encoded data streams; and

performing polarization distribution and symbol mapping on each of the W eighth
encoded data streams, to obtain the W second dual-polarization symbol data streams.

The method according to claim 60, wherein
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[Claim 62]

[Claim 63]

[Claim 64]

[Claim 65]

[Claim 66]

[Claim 67]

every M consecutive bit sets in the second encoded data stream are from the M first
encoded data streams, and each of the M bit sets comprises S, consecutive bits from
a same first encoded data stream, wherein S, is a positive integer; and every L,
consecutive bits in the second encoded data stream are distributed into one third
encoded data stream, wherein L, is a positive integer, and L; is an integer multiple
of Sy X M/W.

The method according to claim 61, wherein L; =Sy, XM, and every L,
consecutive bits in the third encoded data stream comprise the M bit sets from the M
first encoded data streams.

The method according to any one of claims 55 to 59, wherein performing third data
processing on the M first encoded data streams, to obtain the W second dual-
polarization symbol data streams comprises:

distributing the M first encoded data streams into W fourth encoded data streams;
performing DSP framing processing on each of the W fourth encoded data streams,
to obtain W ninth encoded data streams; and

performing polarization distribution and symbol mapping on each of the W ninth
encoded data streams, to obtain the W second dual-polarization symbol data streams.
The method according to claim 63, wherein every S; X M/W consecutive bits in the
fourth encoded data stream are from the M first encoded data streams, and a quantity
of bits that belong to each of the M first encoded data streams in every S; X M/W
consecutive bits in the fourth encoded data stream is the same, wherein S; is a
positive integer, and S; X M is an integer multiple of W.

The method according to claim 64, wherein S; =2 X gX W, every 2X qXM
consecutive bits in the fourth encoded data stream comprise M bit sets, the M bit sets
are from different first encoded data streams, and each of the M bit sets comprises
2 X q consecutive bits that belong to a same first encoded data stream.

The method according to any one of claims 55 to 65, wherein M=4, and W=2; M=2,
and W=2; or M=4, and W=4.

The method according to any one of claims 55 to 66, wherein performing FEC
encoding processing on the to-be-sent bit data stream, to obtain the M first encoded
data streams comprises:

performing FEC encoding on every 2xM bit sequences in the to-be-sent bit data
stream in parallel, to obtain 2xM fifth encoded data streams, wherein each of the
2xM bit sequences comprises a plurality of bits; and

performing interleaving processing on every two fifth encoded data streams in the
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[Claim 68]

[Claim 69]

[Claim 70]

[Claim 71]

[Claim 72]

2xM fifth encoded data streams, to obtain the M first encoded data streams.

A data processing method in optical communication, comprising:

obtaining W second dual-polarization symbol data streams, wherein W is an integer
greater than 1, each of the W second dual-polarization symbol data streams is located
in two orthogonal polarization directions;

performing fourth data processing on the W second dual-polarization symbol data
streams, to obtain M first encoded data streams, wherein

M is an integer greater than 1; the fourth data processing comprises receiver DSP
processing and symbol demapping processing, and g X P bits obtained by
performing symbol demapping processing on P consecutive symbols other than a first
symbol sequence in the second dual-polarization symbol data stream are distributed
into at least two of the M first encoded data streams in either polarization direction;
the first symbol sequence comprises one or more of a pilot symbol, a frame alignment
word, a training symbol, or a reserved symbol, P is an integer greater than 1, and q is
a positive integer; and in either polarization direction, q bits are obtained by
performing symbol demapping processing on each symbol; and

performing FEC decoding processing on the M first encoded data streams, to obtain
a to-be-received bit data stream.

The method according to claim 68, wherein obtaining the W second dual-polarization
symbol data streams comprises:

receiving the W second dual-polarization symbol data streams from a transmitter
device via W paths of optical signals with different wavelengths or through W optical
fibers; or demultiplexing one path of received signals to obtain W subcarriers, to
obtain the W second dual-polarization symbol data streams from a transmitter device.
The method according to claim 68 or 69, wherein P=M, the q X P bits are
distributed into the M first encoded data streams, and every q bits in the q X P bits
are distributed into one of the M first encoded data streams.

The method according to claim 70, wherein in either polarization direction, the q bits
obtained by performing symbol demapping processing on each symbol are
distributed into a same first encoded data stream.

The method according to claim 70 or 71, wherein M consecutive dual-polarization
symbols other than the first symbol sequence in the second dual-polarization symbol
data stream totally comprise 2 X M symbols in the two polarization directions,
2XqXxXM bits are obtained by performing symbol demapping on the 2 XM
symbols, and the 2 X qX M bits are distributed into the M first encoded data
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[Claim 73]

[Claim 74]

[Claim 75]

[Claim 76]

[Claim 77]

streams; and 2 X q bits obtained by performing symbol demapping on two
symbols totally comprised in each dual-polarization symbol in the two polarization
directions are distributed into a same first encoded data stream.

The method according to any one of claims 70 to 72, wherein performing fourth data
processing on the W second dual-polarization symbol data streams, to obtain the M
first encoded data streams comprises:

performing polarization combining and symbol demapping on the W second dual-
polarization symbol data streams, to obtain W eighth encoded data streams;
performing receiver DSP processing on each of the W eighth encoded data streams,
to obtain W third encoded data streams;

merging the W third encoded data streams, to obtain a second encoded data stream;
and

distributing the second encoded data stream into the M first encoded data streams.
The method according to claim 73, wherein every M consecutive bit sets in the
second encoded data stream are distributed into the M first encoded data streams, and
each of the M bit sets comprises S, consecutive bits that belong to a same first
encoded data stream, wherein S, is a positive integer; and every L; consecutive
bits in the second encoded data stream are from a same third encoded data stream,
wherein L; is a positive integer, and L; is an integer multiple of Sy X M/W.

The method according to claim 74, wherein L; = Sy X M, every L; consecutive
bits in the third encoded data stream comprise the M bit sets, and the M bit sets are
distributed into the M first encoded data streams.

The method according to any one of claims 70 to 72, wherein performing fourth data
processing on the W second dual-polarization symbol data streams, to obtain the M
first encoded data streams comprises:

performing polarization combining and symbol demapping on the W second dual-
polarization symbol data streams, to obtain W ninth encoded data streams;
performing receiver DSP processing on each of the W ninth encoded data streams, to
obtain W fourth encoded data streams; and

distributing the W fourth encoded data streams into the M first encoded data streams.
The method according to claim 76, wherein every S; X M/W consecutive bits in the
fourth encoded data stream are distributed into the M first encoded data streams, and
a quantity of bits that enter each of the M first encoded data streams in every
S; X M/W consecutive bits in the fourth encoded data stream is the same, wherein

S; is apositive integer, and S; X M is an integer multiple of W.
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[Claim 78]

[Claim 79]

[Claim 80]

[Claim 81]

[Claim 82]

[Claim 83]

[Claim 84]

The method according to claim 77, wherein S; =2 X qXW, every 2XqxM
consecutive bits in the third encoded data stream comprise M bit sets, the M bit sets
are distributed into different first encoded data streams, and each of the M bit sets
comprises 2 X q consecutive bits that are distributed into a same first encoded data
stream.

The method according to any one of claims 70 to 78, wherein M=4, and W=2; M=2,
and W=2; or M=4, and W=4.

The method according to any one of claims 68 to 79, wherein performing FEC
decoding processing on the M first encoded data streams, to obtain the to-be-received
bit data stream comprises:

performing de-interleaving processing on the M first encoded data streams, to obtain
2xM fifth encoded data streams; and

performing FEC decoding processing on the 2xM fifth encoded data streams in
parallel, to obtain the to-be-sent bit data stream, wherein

every 2xM consecutive bit sequences in the bit data stream are from the 2xM fifth
encoded data streams, and a plurality of bits comprised in each of the 2xM bit
sequences are from a same fifth encoded data stream.

A data processing apparatus in optical communication, wherein the data processing
apparatus comprises a processot, and the processor is configured to perform the data
processing method according to any one of claims 1 to 27, or is configured to perform
the data processing method according to any one of claims 55 to 67.

A data processing apparatus in optical communication, wherein the data processing
apparatus comprises a processor, and the processor is configured to perform the data
processing method according to any one of claims 28 to 54, or is configured to
perform the method according to any one of claims 68 to 80.

A data processing apparatus in optical communication, wherein the data processing
apparatus comprises a processor and a communication interface, the communication
interface is configured to receive and send data, and the processor is configured to
perform the data processing method according to any one of claims 1 to 27, or is
configured to perform the data processing method according to any one of claims 55
to 67.

A data processing apparatus in optical communication, wherein the data processing
apparatus comprises a processor and a communication interface, the communication
interface is configured to receive and send data, and the processor is configured to

perform the data processing method according to any one of claims 28 to 54, or is
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[Claim 85]

[Claim 86]

[Claim 87]

[Claim 88]

configured to perform the method according to any one of claims 68 to 80.

An optical module, comprising an encoder and a transmitter signal processor,
wherein

the optical module is configured to perform the data processing method according to
any one of claims 1 to 27, or is configured to perform the data processing method
according to any one of claims 55 to 67.

An optical module, comprising a receiver signal processor and a decoder, wherein
the optical module is configured to perform the data processing method according to
any one of claims 28 to 54, or is configured to perform the method according to any
one of claims 68 to 80.

An optical communication system, wherein the system comprises a transmitting side
apparatus and a receiving side apparatus; the transmitting side apparatus is
configured to perform the data processing method according to any one of claims 1
to 27, or is configured to perform the data processing method according to any one
of claims 55 to 67; and the receiving side apparatus is configured to perform the data
processing method according to any one of claims 28 to 54, or is configured to
perform the method according to any one of claims 68 to 80.

A computer-readable storage medium, wherein the computer-readable storage
medium stores instructions; and when the instructions are run on a processor, the
processor is enabled to perform the data processing method according to any one of
claims 1 to 27, perform the data processing method according to any one of claims
28 to 54, perform the data processing method according to any one of claims 55 to

67, or perform the data processing method according to any one of claims 68 to 80.
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