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(57) Abregé/Abstract:

Provided are a method and device for transporting and receiving a client signal in an optical transport network, which relate to the
fleld of optical transport networks. The transport method includes: mapping a recelved client signal into a rate-variable container
OTU-N, the rate of the OTU-N being N times a pre-set reference rate grade, and the numerical value N being a configurable
positive integer; splitting the rate-variable container OTU-N into N optical subchannel transport units (OTUsubs) by column, the rate
of each OTUsub being equal to the reference rate grade; modulating the N optical subchannel transport units (OTUsubs) onto one
or more opftical carriers; and sending the one or more optical carriers to one and the same optical fibre for transporting. The
embodiments of the present invention map a client signal into a rate-variable container OTU-N and transport the OTU-N through
one and the same optical fibre, being capable of adapting to the change of the spectral bandwidth of an optical layer, and achieving
optimized configuration of bandwidth resources of an optical transport network.
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ABSTRACT

Embodiments of the present invention provide a method and an apparatus for
transmitting and receiving a client signal in an optical transport network, and relate to
the field of optical transport networks. The transmission method includes: mapping a
recetved client signal into a variable-rate container OTU-N, where a rate of the
OTU-N 1s N times as high as a preset reference rate level, and the value N is a
configurable positive integer; splitting the variable-rate container OTU-N into N
optical sub-channel transport units OTUsubs by column, where a rate of each
OTUsub is equal to the reference rate level; modulating the N optical sub-channel
transport units OTUsubs onto one or more optical carriers; and sending the one or
more optical carriers onto a same fiber for transmission. The embodiments of the
present invention map the client signal into a variable-rate container OTU-N and
transmit the OTU-N by using the same fiber, so as to be adaptable to change of

optical-layer spectrum bandwidths and accomplish optimal configuration of optical

transport network bandwidth resources.
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METHOD AND APPARATUS FOR TRANSMITTING AND
RECEIVING CLIENT SIGNAL IN OPTICAL TRANSPORT
NETWORK

TECHNICAL FIELD

(0001} The present invention relates to the field of optical transport networks, and
in particular, to a method and an apparatus for transmitting and receiving a client

signal 1n an optical transport network.

BACKGROUND

{0002] As a core technology of a next-generation transport network, an OTN

(Optical transport network, optical transport network) includes e¢lectric-layer and
optical-layer technical specifications, features diverse OAM (Operation,
Administration and Maintenance, operation, administration and maintenance), and 1is
capable of powerful TCM (Tandem Connection Monitoring, tandem connection
monitoring) and outband FEC (Forward Error Correction, forward error correction),
allowing flexible scheduling and management for large-capacity SErvices.

[0003]  On an electric processing layer, the OTN technology defines a standard
encapsulation structure, which maps various client services, and can implement
management and monitoring for client signals. An OTN frame structure is shown in
FIG. 1, the OTN frame is a structure of 4x4080 bytes, that is, 4 rows x 4080 columns.
The OTN trame structure includes a frame delimiting area, OTUk (Optical Channel
Transport Unit, optical channel transport unit) OH (Overhead, overhead), ODUk
(Optical Channel Data Unit, optical channel data unit) OH, OPUk (Optical Channel
Payload Unit, optical channel payload unit) OH, an OPUk payload area (Payload
Area), and a FEC area, where values 1, 2, 3, and 4 of k correspond to rate levels 2.5 G
10 G 40 G and 100 G respectively. The frame delimiting area includes an FAS

(Frame Alignment Signal, frame alignment signal) and an MFAS (Multi-frame
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Alignment Signal, multi-frame alignment signal), information in the OPUk OH is
primarily used for mapping and adaptation management of a client service,
information in the ODUK OH is primarily used for managing and monitoring an OTN
frame, and information in the OTUk OH is primarily used for monitoring a
transmission section. A fixed rate of the OTUK is called a line interface rate. Currently,
line interface rates of four fixed rate levels 2.5 G, 10 G 40 GG and 100 G exist. The
OTN transmits a client signal in the following manner: mapping an upper-layer client
signal to an OPUj of a lower rate le\}el and adding OPUj overhead and ODUj
overhead to form an ODU]j, which is herein called a lower-order ODUj; and then
mapping the lower-order ODUj to an OPUK of a higher rate level, and adding OPUKk
overhead, ODUK overhead, OTUk overhead, and a FEC to form a constant-rate OT UKk,
where the OTUK 1s called a higher-order OTUk; and modulating the higher-order
OTUK onto a single optical carrier for transmisston, where a bearer bandwidth of the
optical carrier is equal to a fixed rate of the higher-order OTUK. In addition, an
ODUflex is introduced in an existing OTN, and is called a lower-order variable-rate
optical channel data unit, and is used to carry an upper-layer service of any rate. The
lower-order ODUflex needs to be mapped to the higher-order OPUK first, and the
OPUKk overhead, the ODUk overhead, the OTUk overhead, and the FEC are added to
form a constant-rate higher-order OTUk, and then the higher-order OTUKk 1s
modulated onto a single optical carrier for transmission.

[0004] Massive increase and flexible change of upper-layer client IP (Internet
Protocol, Internet Protocol) services impose challenges to an optical transport network
system. Currently, optical spectrum resources are divided according to 50 GHz optical
spectrum grid bandwidths, and a 50 GHz optical spectrum grid bandwidth is allocated
to each optical carrier. For optical carriers whose bearer bandwidths fall within the
four fixed rate levels 2.5 G 10 G, 40 G, and 100 G optical spectrum width occupied
by the optical carriers does not reach 50 GHz, and waste of optical spectrum resources
exists. Moreover, the optical spectrum is a limited resource. To make full use of
optical spectrum resources, improve overall transmission capabilities of a network,
and fulfill increasing upper-layer client I[P (Internet Protocol, protocol for
interconnection between networks) service transmission, a Flex Grid (flexible grid)
technology is introduced into an optical layer to extend the optical spectrum grid
bandwidth division of the optical spectrum resources from a constant 50 GHz

granularity (ITU-T (International Telecommunication Union - Telecommunication
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Standardization Sector-telecommunication, International Telecommunications Union -
Telecommunications Standardization Sector-telecommunication) G.694) to optical
spectrum grid bandwidth division of a smaller granularity. Currently, a minimum
optical spectrum grid bandwidth granularity is slot = 12.5 GHz, and an optical carrier
can occupy one or more continuous optical spectrum grid bandwidths. The OTN
network may allocate a proper optical spectrum width according to a trattic volume ot
a client signal to be transmitted and a transmission distance, so as to meet
transmission requirements. '

[0005] In addition, persons in the art expect to increase spectrum efficiency as far
as possible. To obtain higher spectrum efficiency, higher-order modulation is required,
such as nQAM (n-order quadrature amplitude modulation, Quadrature Amplitude
Modulation) and an orthogonal frequency division multiplexing (OFDM, Orthogonal
Frequency Division Multiplexing) technologies. That is, under a constant spectrum
width, actual traffic volume requirements are fulfilled by changing an optical carrier
modulation format.

[0006] However, currently an electric-layer OTN line interface has a fixed rate
level, and it is not practicable to provide a line interface of a proper rate according to
the actual traffic volume of the client service, and therefore, optimal configuration of

optical transport network bandwidth resources is not available.

SUMMARY

[0007] Embodiments of the present invention provide a method and an apparatus
for transmitting and receiving a client signal in an optical transport network.
[0008]  According to one aspect, an embodiment of the present invention provides

a method for transmitting a client signal in an optical transport network, where the

~method includes: mapping a received client signal into a variable-rate container

OTU-N, where a rate of the OTU-N 1s N times of a preset reference rate level, and the
value N 1s a positive integer that 1s configurable as required; splitting the variable-rate
container OTU-N into N optical sub-channel transport units OTUsubs by column,
where a rate of each OTUsub is equal to the reference rate level; modulating the N
optical sub-channel transport units OTUsubs onto one or more optical carriers; and
sending the one or more optical carriers onto a same fiber for transmission.

[0009]  According to another aspect, an embodiment of the present invention

3
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provides a transmission apparatus in an optical transport network, where the
transmission apparatus includes a constructing module, a mapping module, a splitting
module, a modulating module, and a transmitting module. The constructing module is
configured to construct a variable-rate container OTU-N, where a rate of the OTU-N
IS N times as high as a preset reference rate level, and the value N is a positive integer
that is configurable as required; the mapping module is configured to map a received
client signal into the OTU-N; the splitting module is configured to split the OTU-N,
in which the client signal is mapped, into N optical sub-channel transport units
OTUsubs by interleaving columns, where a rate of each OTUsub is the reference rate
level; the modulating module is configured to modulate the N OTUsubs onto one o
more optical carriers; and the transmitting module is configured to send the one or
more optical carriers onto a same fiber for transmission.

[0010]  According to another aspect, an embodiment of the present invention
provides a method for receiving a client signal in an optical transport network, where
the method includes: receiving one or more optical carriers from a same fiber;
demodulating the N optical sub-channel transport units OTUsubs out of the one or
more optical carriers; aligning the N OTUsubs, where a rate of each OTUsub is a
preset reference rate level; multiplexing the aligned N OTUsubs into one variable-rate
container OTU-N by interleaving columns, where a rate of the OTU-N is N times as
high as the reference rate level, and the value N is a positive integer that is
configurable as required; and demapping a client signal from the OTU-N.

[0011]  According to another aspect, an embodiment of the present invention
provides a receiving apparatus in an optical transport network, where the receiving
apparatus includes a receiving interface, a demodulating module, an aligning module,
a multiplexing module, and a demapping module. The receiving interface is
configured to receive one or more optical carriers from a same fiber. The
demodulating module is configured to demodulate the N optical sub-channel transport
units OTUsubs out of the one or more optical carriers received by the receiving
interface. The aligning module is configured to align the N OTUsubs demodulated by
the demodulating module. The multiplexing module is configured to muitiplex the N
OTUsubs, which are aligned by the aligning module, into one variable-rate container
OTU-N by interleaving columns, where a rate of the OTU-N is N times as high as the
reference rate level, and the value N is a positive integer that is configurable as

required. The demapping module is configured to demap a client signal from the
4
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OTU-N generated by the multiplexing module.

[0012] According to another aspect, an embodiment of the present invention
provides a transmission apparatus in an optical transport network, where the apparatus
includes at least one processor. The at least one processor is configured to: map a
received client signal into a variable-rate container OTU-N, where a rate of the
OTU-N 1s N times as high as a preset reference rate level, and the value N is a
positive integer that is configurable as required; split the variable-rate container
OTU-N 1nto N optical sub-channel transport units OTUsubs by column, where a rate
of each OTUsub 1s equal to the reference rate level, modulate the N optical
sub-channel transport units OTUsubs onto one or more optical carriers; and send the
one or more optical carriers onto a same fiber for transmission.

[0013] According to another aspect, an embodiment of the present invention
provides a recelving apparatus in an optical transport network, where the apparatus
includes a demodulator and at least one processor. The demodulator is configured to
demodulate N optical sub-channel transport units OTUsubs out of received optical
carriers. The at least one processor is configured to: receive one or more optical
carriers from a same fiber; demodulate the N optical sub-channel transport units
OTUsubs out of the one or more optical carriers; align the N OTUsubs, where a rate
of each OTUsub is a preset reference rate level, multiplex the aligned N OTUSsubs
Into one variable-rate container OTU-N by interleaving columns, where a rate of the
OTU-N 1s N times as high as the reference rate level, and the value N is a positive
Integer that is configurable as required; and demap a client signal from the OTU-N.

[0014] In the embodiments, a client signal is mapped into a variable-rate container
OTU-N and the OTU-N is transmitted by using the same fiber, so as to be adaptable
to change of optical-layer spectrum bandwidths and accomplish optimal configuration

of optical transport network bandwidth resources.

BRIEF DESCRIPTION OF DRAWINGS

[0015] To describe the technical solutions in the embodiments of the present
invention more clearly, the following briefly introduces the accompanying drawings
required for describing the embodiments. Apparently, the accompanying drawings in
the following description show merely some embodiments of the present invention,

and a person of ordinary skill in the art may still derive other drawings from these
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accompanying drawings without creative efforts.

[0016] FIG. 1 is a structural diagram of an OTN frame provided in the prior art;
[0017] FIG. 2 i1s a schematic diagram of a frame structure of a variable-rate
container OTU-N generated out of an OTN frame by interleaving columns according
to an embodiment of the present invention;

[0018] FIG. 3 to FIG 5 are schematic structural diagrams of a variable-rate
contatner OTU-N according to an embodiment of the present invention;

[0019] FIG. 6 is a schematic diagram of dividing an optical channel payload unit
OPU-N of a variable-rate container OTU-N into tributary slots according to an
embodiment of the present invention;

10020} FIG. 7 is a flowchart of a method for transmitting a client signal in an OTN
according to an embodiment of the present invention;

[0021] = FIG. 8 is a schematic diagram of mapping two lower-order ODUts into a
variable-rate container OTU-N according to an embodiment of the present invention;
[0022] FIG. 9 is a schematic diagram of splitting a variable-rate container OTU-N
into a plurality of optical sub-channel transport units OTUsubs by interleaving
columns according to an embodiment of the present invention;

[0023] FIG. 10 is a schematic diagram of splitting a frame header of a
variable-rate container OTU-3 by interleaving columns according to an embodiment
of the present invention;

[0024] FIG. 11 1s a flowchart of a method for receiving a client signal in an optical
transport network according to an embodiment of the present invention;

[0025] FIG. 12 1s a schematic diagram of a transmission apparatus in an optical
transport network according to an embodiment of the present invention;

0026} FIG. 13 1s a schematic diagram of a receiving apparatus in an optical
transport network according to an embodiment of the present invention;

[0027] FIG. 14 is a schematic diagram of another receiving apparatus in an optical
transport network according to an embodiment of the present invention;

[0028] FIG. 15 1s a block diagram of a transmission apparatus in an optical
transport network according to an embodiment of the present invention; and

[0029] FIG. 16 is a block diagram of a receiving apparatus in an optical transport

network according to an embodiment of the present invention.
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DESCRIPTION OF EMBODIMENTS

[0030] To make the objectives, technical solutions, and advantages of the present
invention clearer, the following further describes the implementation manners of the
present invention in detail with reference to the accompanying drawings.

[0031] The embodiments of the present invention construct a variable-rate
container structure called OTU-N (Optical channel Transport Unit-N, optical channel
transport unit-N) on an OTN celectric layer, where the value N is a configurable
positive integer, and a rate of the OTU-N is configurable using a preset reference rate
level as a granularity. For example, the rate of the OTU-N is N times as high as the
reference rate level. The rate of the OTU-N may be configured flexibly according to a
tratfic volume of a client signal. The traffic volume of the client signal may be
detected by an OTN device, or configured by a management plane.

[0032] The value N is configured flexibly according to transmission requirements.
Preferably, the value N is determined based on the traffic volume of the client signal
and the reference rate level. For example, the value N is equal to a round-up result of
dividing the traffic volume of the client signal by the reference rate level. Rounding
up a quotient of dividing A by B means that if A is divisible by B, a round-up quotient
of dividing A by B is equal to a quotient of dividing A by B; and, if A is not divisible
by B, a round-up quotient of dividing A by B is equal to a value of adding 1 to a value
obtained by rounding the quotient of dividing A by B. For example, if the traffic
volume of the client signal is 200 G and the reference rate level is set to 25 G the
value N 1s a quotient 8 of dividing 200 G by 25 G, that is, N = 8; and, if the tratfic

volume of the client signal is 180 G and the reference rate level 1s set to 25 G the
value N 1s equal to adding 1 to a value 7 obtained by rounding a quotient 7.2 of
dividing 180 G by 25 G that i1s, N = 8.

[0033] The preset fixed value of the reference rate level includes but is not limited
to the following types:

[0034] I. The reference rate level may be a rate of an OTU1, an OTUZ2, an OTU3,

or an OTU4 defined in the ITU-T G709 standard, that is, the reference rate level is

selected among 2.5 GG 10 G 40 GG and 100 G and is preferably 100 G that is, the rate
of the OTU4.

10035} 2. The reference rate level may be an integral multiple of an optical

spectrum grid bandwidth defined in the ITU-T G.694. For example, if the optical
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spectrum grid bandwidth is 12.5 GHz, the reference rate level is selected among 12.5

(G 25 G 50 G and 100 G, and is preferably 25 G.
[0036] The client signal includes:

(1) client data, a CBR (Constant Bit Rate, constant bit rate) service, and a
Packet (packet) service; and

(2) lower-order ODULt services, including an ODUO, an ODUI, an ODU2,
an ODUZ2e, an ODU3, an ODU4, and an ODUflex that are defined in the ITU-T G.709
standard. '
[0037] A frame structure of the OTU-N varies with the value N, and is formed of
N subframes by interleaving columns, and a rate of each subframe is the reference
rate level. If the subframe has M columns, which include M1 columns of overhead,
M2 columns of payload, and M3 columns of FEC, then the OTU-N has M*N columns,
including M1*N columns of overhead, M2*N columns of payload, and M3*N
columns of FEC.
[0038] Preterably, as shown in FIG. 2 to FIG. 5, the frame structure of the OTU-N
1s formed of N portions of OTN frames by interleaving columns, and includes 4 rows
and 4080*N columns, where a 1* column to a 14N" column include an OTU-N frame
delimiting area, an OTU-N overhead area, and an ODU-N overhead area; the
(14N+1)" column to the 16N™ column are an OPU-N overhead area, the (16N+1)"
column to the 3824N™ column are an OPU-N payload area, and the (3824N+1)th
column to the 4080N" column are a FEC (forward error correction, forward error
correction) overhead area.
[0039] Preterably, as shown in FIG. 3, all overhead information of one of the OTN
frames serves as overhead information of the OTU-N, and, for remaining (N-1) OTN
frames, only their FAS (Frame Alignment Signal, frame alignment signal) and MFAS

(Multi-frame Alignment Signal, multi-frame alignment signal) are placed in an

overhead area of the first row and the 1% to 7N columns of the OTU-N.

[0040] An optical channel data unit corresponding to the OTU-N is called an
ODU-N, and an optical channel payload unit corresponding to the OTU-N is called an
OPU-N. The following two schemes are available for dividing the OPU-N into TSs
(Tributary Slot, tributary slot):

[0041] Scheme 1: As shown in FIG. 6, the OPU-N is divided into N tributary slots
by column, a rate of each tributary slot is the reference rate level, and the value N

mentioned throughout this document has the same value, where the (14N+1)" column
8
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to the 16N™ are a tributary slot overhead area (Tributary Slot overhead, TSOH), and
the (16N+1)" column to the 3824N™ column are an OPU-N payload area.

[0042] Scheme 2: Similar to a manner described in the ITU-T G709 standard,
which divides an OTU4 into 80 tributary slots of 1.25 G the OTU-N is divided into
tributary slots by interleaving bytes and using a 1.25 G rate level as a granularity. For
example, an OTU4-4 of a 400 G rate level (the OTU4-4 is the OTU-N that is formed
of four OTU4s by interleaving columns) may be divided into 320 tributary slots of
1.25 G. In the ITU-T G.709 standard, a manner of dividing the OTU4 1s to divide an
OPU4 payload area into 80 tributary slots of 1.25 G by interleaving bytes at intervals
of 80 multiframes. In the embodiment of the present invention, the manner of dividing
the OTU4-4 may be to divide the OPU4-4 payload area into 320 tributary slots of 1.25
G by interleaving bytes at intervals of 80 multiframes.

[0043] Referring to FIG. 7, an embodiment provides a method for transmitting a
client signal in an optical transport network. The method includes the following steps:

[0044] Step 101: Map a received client signal into an OTU-N.

[0045] For client data, the clhient data is mapped into a tributary slot of an OPU-N
by using a GMP (Generic Mapping Procedure, generic mapping procedure) or GFP
(Generic Framing Procedure, generic framing procedure) mapping manner, and then
OPU-N overhead is added, ODU-N overhead i1s added into the OPU-N to form an
ODU-N, and OTU-N overhead and FEC (Forward Error Correction, forward error
correction) information are added into the ODU-N to form an OTU-N.

[0046] For a lower-order ODUt service, one lower-order ODUt service is mapped
to an ODTU-N.ts (Optical channel Data Tributary Unit-N, optical channel tributary
unit) of the OPU-N by using a GMP manner, where ts is the number of OPU-N
tributary slots occupied by the lower-order ODUt; the ODTU-N.ts is multiplexed into
ts tributary slots of the OPU-N; ODU-N overhead is added into the OPU-N to form an
ODU-N: and OTU-N overhead and FEC are added into the ODU-N to form an
OTU-N.

[0047] Preferably, a granularity of bytes used for mapping each lower-order ODUt
Is the same as the number of OPU-N tributary slots occupied by the lower-order
ODUt. To make it easier for persons skilled in the art to understand the mapping
method in this embodiment, the following gives an example with reference to FIG. 8.
it 1s assumed that an OTU-3 carries two lower-order ODUts, where the two

lower-order ODUts are a first lower-order ODUt and a second lower-order QDUt. The
9
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first lower-order ODUt occupies one tributary slot of the OPU-3, such as TS1; and the
second lower-order ODUt occupies two tributary slots of the OPU-3, such as TS2 and
TS3. An optical channel data tributary unit of the OPU-3 is called an ODTU-3.ts,
where the ODTU-3.ts includes TSOH (tributary slot overhead, tributary slot overhead)
and TS payload, and ts i1s the number of OPU-3 tributary slots occupied by the
ODTU-3.ts.

[0048] As shown in FIG. 8, a specific process in which the two lower-order
ODUts are mapped and multiplexed to the OTU-3 is as follows:

[0049] (1) The first lower-order ODUt is mapped into the ODTU-3.1 at a
granularity of 1 byte according to the GMP, where the ODTU-3.1 occupies one
tributary slot TSI of the OPU-3; and mapping information is added into tributary slot
overhead TSOHI1 corresponding to the tributary slot TS1.

0050} (2) The second lower-order ODUt 1s mapped into the ODTU-3.2 at a
granularity of 2 bytes through GMP, where the ODTU-3.2 occupies two tributary slots
TS1 and TS2 of the OPU-3; and mapping information is added into a TSOH
corresponding to either of the two tributary slots, for example, added into tributary
slot overhead TSOH2 corresponding to the tributary slot TS2.

[0051] (3) The ODTU-3.1 and the ODTU-3.2 are multiplexed into one OPU-3,
ODU-3 overhead i1s added into the OPU-3 to generate an ODU-3, and OTU-N
overhead is added into the ODU-3 to generate the OTU-3. In this embodiment, a
plurality of ODTU-N.tss is multiplexed into one OPU-N to reduce overhead
management complexity.

[0052]  This embodiment inherits a definition manner of PT (Payload Type,
payload type) in the [TU-T G.709 standard. It is noteworthy that a new PT such as
PT=0x22 may be added in this embodiment to indicate that the ODU-N carries a
plurality of lower-order services in a hybrid manner.

[0053] This embodiment may also inherit a definition manner of an MSI
(Multiplex Structure Identifier, multiplex structure identifier) in the ITU-T G.709
standard. After the ODU-N mapped to a plurality of ODUts is obtained, the MSI of
the ODU-N 1is modified to indicate whether each tributary slot in the ODU-N is
already occupied by the lower-order ODUTt service. Certainly, the definition of the PT
and the MSI is not limited to the foregoing manners, and is not specifically limited in

this embodiment.

[0054] Step 102: As shown in FIG. 9, the OTU-N is split into N OTUsubs (Optical
10
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sub-channel Transport Unit, optical sub-channel transport unit) by interleaving

columns, where a rate of each OTUSsub is the reference rate level.

[0055] The following two schemes are available for splitting the OTU-N into N
OTUsubs by interleaving columns:

[0056] Scheme 1: Split the OTU-N into N sub-channels by interleaving columns,
and perform FEC for each sub-channel and add FEC overhead information to obtain
the N OTUsubs. Preferably, one of the sub-channels includes OTU-N overhead,
ODU-N overhead, an FAS, and an MFAS, and other N-1 sub-channels include the
FAS and the MFAS, where a rate of each sub-channel is equal to the reference rate
level. FEC is performed on each sub-channel, which can reduce difficulty of FEC.
[0057] Scheme 2: Perform FEC for the OTU-N and add the FEC overhead
information to obtain processed OTU-N, and split the proCessed OTU-N into the N
OTUsubs by interleaving columns. Preferably, one of the OTUsubs includes the
OTU-N overhead, the ODU-N overhead, the FAS, and the MFAS, and other N-1
OTUsubs include the FAS and the MFAS, where the rate of each OTUsub is equal to

the reference rate level.

[0058] In this embodiment, to facilitate identification of each OTUsub, the
OTUsub may also carry an LLM (Logical Lane Marker, logical lane marker). The
logical lane marker occupies a 6" byte of the FAS, and is denoted by LLMi, where the
LLM1 is a lane marker of each OTUsub, and its value range may be 0 to 255. The
LLMi 0 to 255 mark the 0" to 255" OTUsubs respectively. If the number of OTUsubs
s greater than 256, an extended definition may be performed in a reserved area of in
other overhead. Using three OTUsubs as an example, a frame header of the OTUsub
is shown in FIG. 10, the values of the logical lane markers LLMI, LIL.M2, and LLM3
carried in the 0" to 2™ OTUsubs are 0, 1, and 2 respectively, and occupy the 6™ byte
of frame header overhead, where OA1 and OA2 represent other overhead of the
OTUsub frame header, which is not specifically limited in this embodiment. The 7™
byte is an MFAS byte, which is not repeated in this embodiment.

[0059] Step 103: Modulate the N OTUsubs onto one or more optical carriers.

[0060] (1) For a single carrier, the N OTUsubs are modulated onto a single optical

carrier.

[0061] For example, assuming that a traffic volume of the client signal is 400 G
and that the reference rate level of the OTU-N is set to 100 G the value N is equal to

4, and a bearer bandwidth of the single carrier is set to 400 G,
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[0062] The number of optical spectrum grid bandwidths occupied by the single
carrier and an applied modulation format (a modulation order is k) are not limited. For
example, if the single carrier occupies four 12.5 G optical spectrum grid bandwidths,
then a PM-16QAM (Polarization Multiplexing - 16 Quadrature Amplitude
Modulation, 16™-order quadrature amplitude modulation) modulation format (the
modulation order is 16) is wused. Calculated by wusing a formula
2*4*12.5Gbit/s*log216, the bandwidth of the single carrier may be up to 400 G
bandwidth, which meets a requirement of transmitting the client signal.

[0063] It the single carrier occupies eight 12.5 G optical spectrum grid
bandwidths, then a 16QAM (16 Quadrature Amplitude Modulation, 16™-order
quadrature amplitude modulation) modulation format (the modulation order is 16) 1s
used. Calculated by using a formula 8*12.5Gbit/s*log216, the bandwidth of the single
carrier may also be up to 400 G, which meets the requirement of transmitting the

client signal.

[0064] (2) For a plurality of optical subcarriers, when the N OTUsubs are

| modulated onto M subcarriers, the N OTUsubs are divided into M groups, where the

value M 1s a positive integer, and each group of OTUsubs is modulated onto a
subcarrier. The value N is configured as an integral multiple of the value M. For
example, the value M may be set to a rounded-up quotient of dividing the tratfic
volume of the client signal by the bearer bandwidth of one subcarrier. Preferably, N 1s
equal to M. Preferably, the M subcarriers may employ an orthogonal frequency
division multiplexing manner.

[0063] For example, assuming that the traffic volume of the client signal 1s 400 G
and that the reference rate level of the OTU-N is set to 25 G, the value N is equal to -
16. That 1s, the OTU-16 is split into 16 OTUsubs, and the bearer bandwidth of the M
subcarriers is set to 400 G to meet the requirement of transmitting the client signal.
[0066] If the bearer bandwidth of each subcarrier 1s 50 G, the value M is set to 8.
That 1s, 16 OTUsubs are modulated onto 8 subcarriers for transmission. In this case,
every 2 OTUsubs are modulated onto one subcarrier.

[0067] The number (m) of optical spectrum grid bandwidths occupied by each
subcarrier and the used modulation format (the modulation order is k) are not limited.
For example, 1if each subcarrier occupies four 12.5 G optical spectrum grid
bandwidths, then a BPSK (Binary Phase Shift Keying, binary phase shift keying)

modulation format (the modulation order is 2) is used. Calculated by using a formula
12



10

15

20

23

30

CA 02880584 2015-01-295

4*12.5Gbit/s*log22, the bandwidth of each subcarrier may be up to S0 G.

[0068] If each subcarrier occupies one 12.5 G optical spectrum grid bandwidth,
then a PM-QPSK (Polarization Multiplexing — QPSK, polarization multiplexing
quadrature phase shift keying) modulation format (the modulation order is 4) 1s used.
Calculated by using a formula 2*12.5Gbit/s*log24, the bandwidth of each subcarrier
may also be up to 50 G

[0069] Step 104: Send the one or more optical carriers onto a same fiber for
transmission.

[0070] In this embodiment, a client signal is mapped into a variable-rate container
OTU-N and the OTU-N is transmitted by using a same fiber, so as to be adaptable to
change of optical-layer spectrum bandwidths and accomplish optimal contiguration of
optical transport network bandwidth resources.

[0071] Referring to FIG. 11, corresponding to the foregoing method for
transmitting a client signal in an OTN, an embodiment provides a method for
receiving a client signal in an optical transport network, including:

[0072] Step 501: Receive one or more optical carriers from a same fiber.

[0073] Step 502: Demodulate the N OTUsubs (optical sub-channel transport unit,
optical sub-channel transport unit) out of the one or more optical carriers.

[0074] Step 503: Align theN OTUsubs, where a rate of each OTUsub i1s a preset
reference rate level.

[0075] The aligning the N OTUsubs includes: performing frame delimiting for the
N OTUsubs according to an FAS (Frame Alignment Signal, frame alignment signal)
of each OTUsub, and aligning frame headers of the N OTUsubs that have undergone
the frame delimiting.

[0076] In this embodiment, optionally, in the aligning, the N OTUsubs may be
aligned based on frame headers, and the N OTUsubs may be further aligned by using
the MFAS carried in each OTUsub. That is, after the N OTUsubs are aligned, not only
the frame headers keep aligned, but also the MFAS (Multiframe Alignment Signal,
multiframe alignment signal) carried in each OTUsub needs to keep consistent. An
alignment manner applied in a specific implementation process is not specifically
limited in this embodiment.

[06077] Step 504: Multiplex the aligned N OTUsubs into one OTU-N by
interleaving columns, where a rate of the OTU-N is N times as high as the reference

rate level, and the value N is a positive integer that is configurable as required.
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[0078] Optionally, the following two schemes are available for multiplexing the

aligned N OTUsubs into one OTU-N by interleaving columns:

[0079] Scheme 1: Perform FEC decoding for the aligned N OTUsubs, and then
multiplex the N OTUsubs, which have undergone the FEC decoding, into one OTU-N
by interleaving columns.

[0080] Scheme 2: Multiplex the aligned N ‘OTUsubs into one OTU-N by
interleaving columns, and perform the FEC decoding for the OTU-N.

[0081] Step 505: Demap a client signal from the OTU-N.

[0082] The demapping a client signal from the OTU-N includes: parsing OPU-N
(optical channel payload unit, optical channel payload unit) overhead of the OTU-N
to obtain mapping information carried in tributary slot overhead corresponding to
each tributary slot in the OTU-N; and demapping the client signal from each tributary
slot payload area of the OTU-N based on the mapping information.

[0083] Referring to FIG. 12, an embodiment provides a transmission apparatus in
an optical transport network. The transmission apparatus 60 includes a constructing
module 601, a mapping module 603, a splitting module 605, a modulating module
607, and a transmitting module 609.

[0084] The constructing module 601 is configured to construct a variable-rate
container structure that is called an OTU-N, where a rate of the OTU-N 1s N times as
high as a preset reference rate level, the value N is a configurable positive integer, the
value N is flexibly configurable depending on transmission requirements, and

preferably, the value N is determined based on a traffic volume of the client signal and

the reference rate level.

[0085] The mapping module 603 is éonﬁ gured to map a received client signal into
the OTU-N constructed by the constructing module 601.

[0086] For client data, the client data is mapped by the mapping module 603 into
a tributary slot of an OPU-N by using a GMP (Generic Mapping Procedure, generic
mapping procedure) or GFP (Generic Framing Procedure, generic framing procedure)
mapping manner, and then OPU-N overhead is added, ODU-N overhead is added into
the OPU-N to form an ODU-N, and OTU-N overhead and FEC (Forward Error
Correction, forward error correction) information are added into the ODU-N to form
an OTU-N.

[0087] For a lower-order ODUt service, one lower-order ODUt service 1s mapped

by the mapping module 603 to an ODTU-N.ts (Optical channel Data Tributary Unit-N,
14



10

15

20

25

30

CA 02880584 2015-01-295

optical channel tributary unit) of the OPU-N by using a GMP mapping manner, where
ts 1s the number of OPU-N tributary slots occupied by the lower-order ODUt; the
ODTU-N.ts 1s multiplexed into ts tributary slots of the OPU-N; ODU-N overhead i1s
added into the OPU-N to form an ODU-N; and OTU-N overhead and FEC are added
into the ODU-N to form an OTU-N. Preferably, a granularity of bytes used by the
mapping module 603 for mapping each lower-order ODUt is the same as the number
of OPU-N tributary slots occupied by the lower-order ODUL.

[0088] As shown in FIG. 9, the splitting module 605 1s configured to split the
OTU-N, in which the client signal 1s mapped by the mapping module 603, into N
OTUsubs (Optical sub-channel Transport Unit, optical sub-channel transport unit) by
interleaving columns, where a rate of each OTUsub is the reference rate level.

[0089] The following two schemes are available for the splitting module 6035 to
split the OTU-N into N OTUsubs by interleaving columns:

[0090] Scheme 1: Split the OTU-N into N sub-channels by interleaving columns,
and perform FEC for each sub-channel and add FEC overhead information to obtain
the N OTUsubs. Preferably, one of the sub-channels includes OTU-N overhead,
ODU-N overhead, an FAS, and an MFAS, and other N-1 sub-channels include the
FAS and the MFAS, where the rate of each sub-channel is equal to the reference rate
level. FEC is performed on each sub-channel, which can reduce difficulty of FEC.
[0091] Scheme 2: Perform FEC for the OTU-N and add the FEC overhead
information to obtain processed OTU-N, and split the processed OTU-N into the N
OTUsubs by interleaving columns. Preferably, one of the OTUsubs includes the
OTU-N overhead, the ODU-N overhead, the FAS, and the MFAS, and other N-1
OTUsubs include the FAS and the MFAS, where the rate of each OTUsub is equal to
the reference rate level.

[0092] The modulating module 607 is configured to modulate the N OTUsubs,
which is a result of splitting by the splitting module 605, onto one or more optical

carriers.

[0093] (I) For a single carrier, the modulating module 607 modulates the N
OTUsubs onto a single optical carrier.

[0094] (2) For a plurality of optical subcarriers, for example, when the modulating
module 607 modulates the N OTUsubs to M subcarriers, the N OTUsubs are divided
into M groups, where the value M is a positive integer; and each group of OTUsubs is

modulated onto a subcarrier. The value N is set to an integral multiple of the value M.
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Preferably, N is equal to M. Preferably, the M subcarriers may employ an orthogonal
frequency division multiplexing manner.

[0095] The transmitting module 609 is configured to send the one or more optical
carriers, which are modulated by the modulating module 607, onto a same fiber tor
transmission.

[0096] It is noteworthy that each module included in the embodiments of the
transmission and receiving apparatuses is merely sorted according to functional logics
but is not limited to the sorting so long as the corresponding functions can be
implemented. In addition, a specific name of each functional module i1s merely
intended for differentiating one another rather than limiting the protection scope of the
present invention.

0097} Referring to FIG. 13, an embodiment provides a receiving apparatus in an
optical transport network. The receiving apparatus 70 includes a receiving interface
701, a demodulating module 703, an aligning module 705, a multiplexing module 707,
and a demapping module 709.

[0098] The receiving interface 701 is configured to receive one or more optical
carriers from a same fiber.

[0099] The demodulating module 703 is configured to demodulate the N
OTUsubs (optical sub-channel transport unit, optical sub-channel transport unit) out
of the one or more optical carriers received by the receiving interface 701.

[0100] The aligning module 705 is configured to align the N OTUsubs
demodulated by the demodulating module 703.

[0101] As shown in FIG. 14, the aligning module 7035 includes a frame delimiting
unit 705a and an aligning unit 705b. The frame delimiting unit 705a is configured to
perform frame delimiting for the N OTUsubs according to a frame alignment signal

(FAS) of each OTUsub, and the aligning module 705b is configured to align frame
headers of the N OTUsubs that have undergone the frame delimiting.

[0102] The multiplexing module 707 is configured to multiplex the N OTUsubs,
which are aligned by the aligning module 705, into one variable-rate container
OTU-N by interleaving columns, where a rate of the OTU-N is N times as high as the
reference rate level, and the value N is a positive integer that is configurable as
required.

[0103] Referring to FIG. 14, the multiplexing module 707 includes a decoding

unit 707a and a multiplexing unit 707b. Optionally, the decoding unit 707a is
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configured to perform FEC decoding for the aligned N OTUsubs: and the
multiplexing unit 703b is configured to multiplex the N OTUsubs, which have
undergone the FEC decoding, into one OTU-N by interleaving columns.

[0104] In another embodiment, the multiplexing unit 703b is configured to
multiplex the aligned N OTUsubs into one OTU-N by interleaving columns; and the
decoding unit 703a is configured to perform the FEC decoding for the OTU-N.

[0105] The demapping module 709 is configured to demap a client signal from
the OTU-N generated by the multiplexing module 707.

[0106]} Referring to FIG. 14, the demapping module 709 includes a parsing unit
709a and a demapping unit 709b. The parsing module 709a is configured to parse
OPU-N (optical channel payload unit, optical channel payload unit) overhead of the
OTU-N to obtain mapping information carried in tributary slot overhead
corresponding to each tributary slot in the OTU-N; and the demapping unit 709b is
configured to demap the client signal from each tributary slot payload area of the
OTU-N based on the mapping information.

[0107] The transmission and receiving apparatuses provided in the embodiments
may be based on a same conception as the embodiment of methods for transmitting
and receiving a client signal respectively. For their specific implementation process,
refer to the method embodiments, and no further details is provided herein.

(0108] It 1s noteworthy that each module included in the embodiments of the
transmission and receiving apparatuses is merely sorted according to functional logics
but is not limited to the sorting so long as the corresponding functions can be

Implemented. In addition, a specific name of each functional module is merely
intended for differentiating one another rather than limiting the protection scope of the

present invention.
[0109] Refer to FIG. 15, which is a block diagram of an embodiment of a

transmission apparatus in an optical transport network. The transmission apparatus 90

includes at least one processor 904, where the at least one processor 904 may be
connected to a memory 902, and the memory 902 is configured to buffer a received
client signal.

[0110] The at least one processor 904 is configured to perform the following
operations: constructing a variable-rate container structure that is called an OTU-N,
where a rate of the OTU-N is N times as high as a preset reference rate level, and the

value N is a configurable positive integer; mapping the received client signal into an
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OTU-N; splitting the OTU-N into N OTUsubs (Optical sub-channel Transport Unit,
optical sub-channel transport unit) by interleaving columns, where a rate of each
OTUsub is the reference rate level; modulating the N OTUsubs onto one or more
optical carriers; and sending the one or more optical carriers onto a same fiber for
transmission.

[0111] The value N is flexibly configurable depending on transmission
requirements, and preferably, the value N 1s determined based on a traffic volume of
the client signal and the reference rate level.

[0112] For client data, the client data is mapped by the at least one processor 904
into a tributary slot of an OPU-N by using a GMP (Generic Mapping Procedure,
generic mapping procedure) or GFP (Generic Framing Procedure, generic framing
procedure) mapping manner, and then OPU-N overhead is added, ODU-N overhead 1s
added into the OPU-N to form an ODU-N, and OTU-N overhead and FEC (Forward
Error Correction, forward error correction) information are added into the ODU-N to
form an OTU-N.

[0113] For lower-order ODUt services, one lower-order ODUt service 1s mapped
by the at least one processor 904 to an ODTU-N.ts (Optical channel Data Tributary
Unit-N, optical channel tributary unit) of the OPU-N by using a GMP manner, where
ts is the number of OPU-N tributary slots occupied by the lower-order ODUt; the
ODTU-N.ts is multiplexed into ts tributary slots of the OPU-N; ODU-N overhead 1is
added into the OPU-N to form an ODU-N; and OTU-N overhead and FEC are added
into the ODU-N to form an OTU-N. Preferably, a granularity of bytes used by the at
least one processor 904 for mapping each lower-order ODUt is the same as the
number of OPU-N tributary slots occupied by the lower-order ODULt.

(0114} The following two schemes are available for the at least one processor 904
to split the OTU-N into N OTUsubs by interleaving columns:

[0115] Scheme 1: Split the OTU-N into N sub-channels by interleaving columns,
and perform FEC for each sub-channel and add FEC overhead information to obtain
the N OTUsubs. Preferably, one of the sub-channels includes OTU-N overhead,
ODU-N overhead, an FAS, and an MFAS, and other N-1 sub-channels include the
FAS and the MFAS, where the rate of each sub-channel is equal to the reference rate
level. FEC is performed on each sub-channel, which can reduce difficulty of FEC.
[0116] Scheme 2: Perform FEC for the OTU-N and add the FEC overhead

information to obtain processed OTU-N, and split the processed OTU-N into the N
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OTUsubs by interleaving columns. Preferably, one of the OTUsubs includes the
OTU-N overhead, the ODU-N overhead, the FAS, and the MFAS, and other N-1
OTUsubs include the FAS and the MFAS, where the rate of each OTUsub is equal to
the reference rate level.

[0117] For a single carrier, the at least one processor 904 modulates the N
OTUsubs onto a single optical carrier.

[0118] For a plurality of optical subcarriers, for example, when the at least one
processor 904 modulates the N OTUsubs to M subcarriers, the N OTUsubs are
divided into M groups, where the value M is a positive integer, and each group of
OTUsubs is modulated onto a subcarrier. The value N is set to an integral multiple of
the value M. Preferably, N is equal to M. Preferably, the M subcarriers may employ
an orthogonal frequency division multiplexing manner.

[0119] Refer to FIG. 16, which is a block diagram of an embodiment of a
receiving apparatus in an optical transport network. The receiving apparatus 110
includes a demodulator 1101 and at least one processor 1104, where the at least one
processor 1104 may be connected to a memory 1102. The demodulator 1101
demodulates N OTUsubs (optical sub-channel transport unit, optical sub-channel
transport unit) out of received optical carriers, where the value N is a positive integer
that is configurable as required. The memory 1102 is configured to buffer the N OTUs
demodulated by the demodulator 1101.

[0120] The at least one processor 1104 is configured to perform the tollowing

- operations: receiving one or more optical carriers from a same fiber; demodulating the

N OTUsubs (optical sub-channel transport unit, optical sub-channel transport unit) out
of the one or more optical carriers; aligning the N OTUsubs; multiplexing the aligned
N OTUsubs into one variable-rate container OTU-N by interleaving columns, where a
rate of the OTU-N is N times as high as a preset reference rate level, and the value N
is a positive integer that is configurable as required; and demapping a client signal
from the OTU-N.

[0121] The aligning, by the at least one processor 1104, the N OTUsubs, includes:
performing frame delimiting for the N OTUsubs according to a frame alighment
signal (FAS) of each OTUsub, and aligning frame headers of the N OTUsubs that

have undergone the frame delimiting.

[0122] The following two schemes are available for the at least one processor

1104 to multiplex the aligned N OTUsubs into one OTU-N by interleaving columns:
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[0123] Scheme 1: Perform FEC decoding for the aligned N OTUsubs, and then
multiplex the N OTUsubs, which have undergone the FEC decoding, into one OTU-N
by interleaving columns.

[0124] Scheme 2: Multiplex the aligned N OTUsubs into one OTU-N by
Interleaving columns, and perform the FEC decoding for the OTU-N.

[0125] The demapping, by the at least one processor 1104, a client signal from the
OTU-N, includes: parsing OPU-N (optical channel payload unit, optical channel
payload unit) overhead of the OTU-N to obtain mapping information carried in
tributary slot overhead corresponding to each tributary slot in the OTU-N: and
demapping the client signal from each tributary slot payload area of the OTU-N based
on the mapping information.

[0126] A person of ordinary skill in the art may understand that all or a part of the
steps of the embodiments may be implemented by hardware or a program instructing
relevant hardware. The program may be stored in a computer readable storage
medium. The storage medium may include: a read-only memory, a magnetic disk, or
an optical disc.

[0127] The foregoing descriptions are merely exemplary embodiments of the
present invention, but are not intended to limit the present invention. Any
modification, equivalent replacement, or improvement made without departing from

the spirit and principle of the present invention should fall within the protection scope

of the present invention.
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CLAIMS

What 1s claimed is:

. A method for transmitting a client signal in an optical transport network,
wherein the method comprises:

mapping a received client signal into a variable-rate container OTU-N, wherein a
rate of the OTU-N is N times as high as a preset reference rate level, and the value N
IS a configurable positive integer;

splitting the variable-rate container OTU-N into N optical sub-channel transport
units OTUsubs by column, wherein a rate of each OTUsub equals to the reference rate

level;

modulating the N optical sub-channel transport units OTUsubs onto one or more
optical carriers; and

sending the one or more optical carriers onto a same fiber for transmission.

2. The method according to claim 1, wherein the value N is determined based on
a tratfic volume of the client signal and the reference rate level.

3. The method according to claim 1 or 2, wherein a frame structure of the
OTU-N is formed of N subframes by interleaving columns, and a rate of each
subframe is the reference rate level.

4. The method according to any one of claims 1 to 3, wherein the preset
reference rate level is one of rate levels of an optical channel transport unit OTUj (j=1,

2, 3, 4) defined in the ITU-T G.709 standard.

5. The method according to claim 4, wherein the preset reference rate level is a
rate level of an OTUA4.

6. The method according to any one of claims 1 to 3, wherein the preset
reference rate level is an integral multiple of an optical spectrum grid bandwidth
defined in the ITU-T G.694 standard.

7. The method according to claim 6, wherein the preset reference rate level is

two times as much as the optical spectrum grid bandwidth.

8. The method according to claim 7, wherein the optical spectrum orid

bandwidth is 12.5 G, and the reference rate level is 25 G.

9. The method according to any one of claims 1 to 8, wherein the splitting the

OTU-N into N OTUsubs by interleaving columns comprises:
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sphitting the OTU-N into N sub-channels by interleaving columns, and

performing FEC for each sub-channel and adding FEC overhead information to obtain
the N OTUsubs:

or,

performing FEC for the OTU-N and adding FEC overhead information to obtain
processed OTU-N, and splitting the processed OTU-N into the N OTUsubs by
interleaving columns.

10. The method according to any one of claims 1 to 9, wherein the modulating
the N OTUsubs onto a plurality of optical carriers comprises:

dividing the N OTUsubs into M groups, wherein the plurality of optical carriers
comprises M optical subcarriers, the value M is a positive integer, and the value N is
set to an integral multiple of the value M; and

modulating each group of OTUsubs onto one subcarrier.

11. The method according to claim 10, wherein the value N is equal to the value

M.

2. A transmission apparatus in an optical transport network, wherein the
transmission apparatus comprises:

a constructing module, configured to construct a variable-rate container OTU-N,
wherein a rate of the OTU-N is N times as high as a preset reference rate level, and
the value N is a configurable positive integer;

a mapping module, configured to map a received client signal into the OTU-N;

a splitting module, configured to split the OTU-N, in which the client signal is

mapped, into N optical sub-channel transport units OTUsubs by interleaving columns,

wherein a rate of each OTUsub is the reference rate level;

a modulating module, configured to modulate the N OTUsubs onto one or more

optical carriers; and

a transmitting module, configured to send the one or more optical carriers onto a

same fiber for transmission.

13. The apparatus according to claim 12, wherein the value N is determined
based on a traffic volume of the client signal and the reference rate level.

14. The apparatus according to claim 12 or 13, wherein a frame structure of the
OTU-N 1is formed of N subframes by interleaving columns, and a rate of each

subframe is the reference rate level.

I5. The apparatus according to any one of claims 12 to 14, wherein the preset
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reference rate level is one of rate levels of an optical channel transport unit OTUj (j=1,

2, 3, 4) defined in the ITU-T G.709 standard.

16. The apparatus according to claim 15, wherein the preset reference rate level
is a rate level of an OTU4.

1'7. The apparatus according to any one of claims 12 to 12, wherein the preset

reference rate level is an integral multiple of an optical spectrum grid bandwidth
defined in the ITU-T G.694.

18. The apparatus according to claim 17, wherein the preset reference rate level
1s two times as much as the optical spectrum grid bandwidth.

19. The apparatus according to claim 18, wherein the optical spectrum grid
bandwidth is 12.5 G and the reference rate level is 25 G.

20. The apparatus according to any one of claims 12 to 19, wherein the splitting
the OTU-N into N OTUsubs by interleaving columns comprises:

splitting the OTU-N into N sub-channels by interleaving columns, and

performing FEC for each sub-channel and adding FEC overhead information to obtain
the N OTUsubs:

or,
performing FEC for the OTU-N and adding FEC overhead information to obtain
processed OTU-N, and splitting the processed OTU-N into the N OTUsubs by
interleaving columns.
21. The apparatus according to any one of claims 12 to 20, wherein the
modulating the N OTUsubs onto a plurality of optical carriers comprises:

dividing the N OTUsubs into M groups, wherein the plurality of optical carriers
comprises M optical subcarriers, the value M is a positive integer, and the value N is

set to an integral multiple of the value M; and
modulating each group of OTUsubs onto one subcarrier.

22. The apparatus according to claim 21, wherein the value N is equal to the

value M.

23. A method for receiving a client signal in an optical transport network,
comprising:
receiving one or more optical carriers from a same fiber:

demodulating N optical sub-channel transport units OTUsubs out of the one or

more optical carriers;

aligning the N OTUsubs, wherein a rate of each OTUsub is a preset reference
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rate level:

multiplexing the aligned N OTUsubs into one variable-rate container OTU-N by
interleaving columns, wherein a rate of the OTU-N is N times as high as the reference

rate level, and the value N is a configurable positive integer; and

demapping a client signal from the OTU-N.

24. The method according to claim 23, wherein the value N is determined based
on a traffic volume of the client signal and the reference rate level.

25. The method according to claim 23 or 24, wherein a frame structure of the
OTU-N 1s formed of N subframes by interleaving columns, and a rate of each
subframe is the reference rate level.

26. The method according to any one of claims 23 to 25, wherein the preset
reference rate level is one of rate levels of an optical channel transport unit OTUj (j=I,

2, 3, 4) defined in the ITU-T G.709 standard.

27. The method according to claim 26, wherein the preset reference rate level is a
rate level of an OTU4. .

28. The method according to any one of claims 23 to 25, wherein the preset
reference rate level is an integral multiple of an optical spectrum grid bandwidth
defined in the ITU-T G.694.

29. The method according to claim 28, wherein the preset reference rate level is
two times as much as the optical spectrum grid bandwidth.

30. The method according to claim 29, wherein the optical spectrum grid

bandwidth 1s 12.5 G and the reference rate level is 25 G.

31. The method according to any one of claims 23 to 30, wherein the demapping
a client signal from the OTU-N comprises:

parsing optical channel payload unit OPU-N overhead of the OTU-N to obtain
mapping information carried in tributary slot overhead corresponding to each tributary

slot in the OTU-N; and
demapping the client signal from each tributary slot payload area of the OTU-N

based on the mapping information.

32. A recelving apparatus in an optical transport network, wherein the receiving

apparatus comprises:

a receiving interface, configured to receive one or more optical carriers from a

same fiber;

a demodulating module, configured to demodulate the N optical sub-channel
24
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transport units OTUsubs out of the one or more optical carriers received by the
recelving interface;

an aligning module, configured to align the N OTUsubs demodulated by the
demodulating module;

a multiplexing module, configured to multiplex the N OTUsubs, which are
aligned by the aligning module, into one variable-rate container OTU-N by
interleaving columns, wherein a rate of the OTU-N is N times as high as the reference

rate level, and the value N is a configurable positive integer; and

a demapping module, configured to demap a client signal from the OTU-N
generated by the multiplexing module.

33. The apparatus according to claim 32, wherein the value N is determined
based on a traffic volume of the client signal and the reference rate level.

34. The method according to claim 32 or 33, wherein a frame structure of the

OTU-N 1s formed of N subframes by interleaving columns, and a rate of each

subframe is the reference rate level.

35. The method according to any one of claims 32 to 34, wherein the preset
reference rate level is one of rate levels of an optical channel transport unit OTUj (=1,
2, 3, 4) defined in the ITU-T G.709 standard.

36. The method according to claim 35, wherein the preset reference rate level is a
rate level of an OTUA4.

37. The method according to any one of claims 32 to 34, wherein the preset
reference rate level is an integral multiple of an optical spectrum grid bandwidth
defined in the ITU-T G.694 standard.

38. The method according to claim 37, wherein the preset reference rate level is
two times as much as the optical spectrum grid bandwidth.

39. The method according to claim 38, wherein the optical spectrum orid
bandwidth is 12.5 GG and the reference rate level is 25 G

40. The method according to any one of claims 32 to 39, wherein the demapping

module comprises:
a parsing unit, configured to parse optical channel payload unit OPU-N overhead
of the OTU-N to obtain mapping information carried in tributary slot overhead

corresponding to each tributary slot in the OTU-N: and

a demapping unit, configured to demap the client signal from each tributary slot

payload area of the OTU-N based on the mapping information.
25
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