Office de la Propriete Canadian CA 2843207 A1 2012/12/13

Intellectuelle Intellectual Property
du Canada Office (21) 2 843 207
v organisme An agency of 12y DEMANDE DE BREVET CANADIEN
d'Industrie Canada Industry Canada
CANADIAN PATENT APPLICATION
13) A1
(86) Date de depot PCT/PCT Filing Date: 2011/11/15 (51) CLInt./Int.Cl. H04Q 77/00(2006.01),
(87) Date publication PCT/PCT Publication Date: 2012/12/13 HO4L 27/26(2006.01)
: : - _ (71) Demandeur/Applicant:
(85) Entree phase nationale/National Entry: 2014/01/27 HUAWEI TECHNOLOGIES CO. LTD.. CN
(86) N° demande PCT/PCT Application No.: CN 2011/082199
(72) Inventeurs/Inventors:
(87) N° publication PCT/PCT Publication No.: 2012/167551 DONG, LIMIN. CN:

WU, QIUYOU, CN
(74) Agent: SMART & BIGGAR

(54) Titre : PROCEDE, DISPOSITIF ET SYSTEME DE TRANSMISSION DE DONNEES DE SERVICE SUR UN RESEAU
DE TRANSPORT OPTIQUE

54) Title: METHOD, APPARATUS AND SYSTEM FOR TRANSMITTING SERVICE DATA ON OPTICAL TRANSPORT
NETWORK

20

% B 5 21 MAPPING THE SERVICE DATA
Ak 5 A B A 2ILO ODUflex INTO A LO ODUFLEX

23 MULTIPLEXING A PLURALITY
OF SAID LO ODUFLEXS INTO HO

ODUFLEXS
AR AN g 1
% A~LO ODUflex 2_A 2|HO 25 ADDING AN FEC OVERHEAD
ODUT{lex INTO THE HO ODUFLEX TO MAKE
AN OTUFLEX

27 SPLITTING THE OTUFLEX
, \ INTO MULTIPLE DATA CHANNEL
\f? }?':\\ ¥ J»
FFHO ODUflex s 22 FEC T4 4 A&, SIGNALS. AND MODULATING
OTUfelx THEM ONTO AN OFDM SUB-
CARRIER TO TRANSMIT THE
OFDM SUB-CARRIER

HOTUfelxHf 4K % %4445 18 & it

JE 4] 2] OFDM-T £ &% VA & 1% OFDM A2 /Fig. 2

R

(57) Abréegée/Abstract:

A method, device and system for transmitting service data on an Optical Transport Network (OTN). Wherein the method
comprises: mapping the service data into a Low Order flexible Optical Channel Data Unit (LO ODUflex); multiplexing a plurality of
sald LO ODUflexs into High Order flexible Optical Channel Data Units (HO ODUflex); adding an FEC overhead into the HO
ODUflex to make a flexible Optical Channel Transport Unit (O TUflex); splitting the O TUflex into multiple data channel signals, and
modulating them onto an Orthogonal Fregquency Division Multiplexing (OFDM) sub-carrier to transmit the OFDM sub-carrier. The
above technical scheme can provide the O TUflex, thereby enable the network adapt the service data into flexibly changeable OTN
ine rate by a control protocol, which realizes transmitting service data with multiple rates to adapt the requirement that the OTN
developing to the higher rate.
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ABSTRACT

The embodiments of the present invention provide a method, an apparatus, and a system
for transmitting service data on an optical transport network. The method includes: mapping
the service data into a low order flexible optical channel data unit (ODUflex); multiplexing
multiple low order ODUflexs into a high order ODUflex; adding a forward error correction
(FEC) overhead into the high order ODUflex to generate a flexible optical channel transport
unit (OTUflex); and splitting the OTUflex into multiple data channel signals, and modulating

the data channel signals to orthogonal frequency division multiplexing subcarriers to send the

orthogonal frequency division multiplexing subcarriers. The foregoing technical solution

provides OTUflexs. Therefore, the network adapts service data for flexibly variable line rates
of the optical transport network through a control protocol, and transmits service data of

different rates to meet the development requirements of higher-rate optical transport networks.
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METHOD, APPARATUS AND SYSTEM FOR TRANSMITTING
SERVICE DATA ON OPTICAL TRANSPORT NETWORK

FIELD OF THE TECHNOLOGY

[0001] The present invention relates to optical communication field, and in particular, to a |

method, an apparatus, and a system for transmitting service data on an optical transport

network.

BACKGROUND

[0002] As a core technology of the next-generation transport network, an Optical =

Transport Network (OTN) includes technical specifications of an eleétric layer and an optical
layer, has rich capabilities such as Operation Administration and Maintenance (OAM),
powerful Tandem Connection Monitor (TCM), and out-band Forward Error Correction (FEC),
and can schedule and manage large-capacity services flexibly. Therefore, the OTN has an
increasing tendency of becoming a mainstream technology of a backbone transport network.

[0003] With.popularization and rapid development of applications such as Internet, cloud

computing and so on, information traffic increases exponentially, which requires the OlIN as a
backbone transport pillar to provide more available bandwidths. The optical transmission
technology of a 100 G rate has put into commercial application maturely, and the optical
transmission technology of a rate higher than 100 G is being developed in the art, such as an

optical transport technology of a rate of 400 G or IT characterized by higher spectrum
efficiency. Such a tendency imposes challenges to the existing optical tfansport network
system. To achieve a higﬁer spectrum efficiency, high order modulation is required, such as
n- order Quadrature Amplitude Modulation (nQAM) and Orthogonal Frequency Division

Multlplexmg (OFDM) technologies. Under the same transmlsswn distance, a higher Optical
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Signal Noise Ratio (OSNR) is required. It is expected in the art that the future optical
transport network can flexibly select parameters such as optical modulation mode according

to the transmitted service traffic and the transmission distance to accomplish optimum
efficient network configuration. -

[0004] The existing OTN system provides four fixed line rates, expressed as Optical . .
Channel Transport Unit-k (OTUK), where k = 1, 2, 3, and 4. That is, the line rates include
OTUl, OTUZ, OTU3, and OTU4. ODUI1 is of a 2.5 Gb/s rate level, ODU2 1s of a 10
Gb/s rate level, ODU3 is of a rate 40 Gb/s level, and ODU4 is of a 112 Gb/s rate level.

To support data services flexibly, a Flexible Optical Channel ‘Data Unit (ODUflex) is added 1n
the OTN to adapt data services that require different bandwidths. However, the fixed line rate
level of the optical transport network does not meet the flexible bandwidth requirements of

the service layer; and is not good for the optical layer to develop toward higher rates.

SUMMARY

[0005] Embodiments of the present invention provide a method, an apparatus and a
system for transmitting service data on an optical transport network to adapt service data for -
flexibly variable line rates of the optical transport network.

[0006] A method for transmitting service data on an optical transport network includes:
mapping the service data into a low order flexible optical channel data unit (ODUflex);

multiplexing multiple low order ODUflexs into a high order ODUflex; adding a forward error

correction (FEC) overhead to the high order ODUtlex to generate a flexible optical channel
transport unit (OTUflex); and splitting the OTUflex into multiple data channel signals, and N
modulatiﬁg the data channel signals to orthogonal frequency division multiplexing subcarriers

to send the orthogonal frequency division multiplexing subcarriers.

[0007]  Further, a method for transmitting service data on an optical transport network
includes: demodulating received orthogonal frequency division multiplexiﬁg subcarriers to
data channel signals, and combining the data channel signals 1nto an OTUflex; demapping the
OTUflex to a high order ODUtlex; demultiplexing the high order ODUflex to low order

ODUflexs; and demapping the low order ODUflexs to service data.
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[0008] Further, an apparatus for transmitting service data on an optical transport network
includes: a mapping unit, configured to map the service data into a low order ODUflex; a
multiplexing unit, configured to multiplex multiple low order ODUﬂexs generated as a result
of mapping by the mapping unit into a high order ODUtlex; a generating unit, configured to
add a FEC overhead into the high order ODUflex generated as a result of multiplexing by the
multiplexing unit to generate an OTUflex; and a modulating unit, configured to split the
OTUflex generated by the generating unit into multiple data channel signals, and modulate
the data channel signals to orthogonal frequency di\}ision multiplexing subcarriers to send the B
orthogonél frequency division multiplexing subcarriers.

[0009] Further, an apparatus for transmitting service data on an optical transportr network
includes: a demodulating unit, configured to demodulate received orthogonal frequency

division multiplexing subcarriers to data channel signals, and combine the data channel

signals into an OTUflex; a generating unit, configured to remove a FEC overhead from the .

OTUflex generated as a result of demodulation by the demodulating unit to generate a high

order ODUflex; and a demultiplexing unit, configured to demultiplex the high order ODUflex
generated by the generating unit to low order ODUflexs; and a demapping unit, configured to

demap the low order ODUtlexs generated as a result of demultiplexing by the demultiplexing

unit to service data.

[0010] Further, a system for transmitting service data on an optical transport network is

provided. The system includes the foregoing apparatus.

[0011] The foregoing technical solutions provide OTUflexs. Therefore, the network
adapts service data for flexibly variable line rates of the optical transport network through a

control protocol, and transmits service data of different rates to meet the development

requirements of higher-rate optical transport networks.

BRIEF DESCRIPTION OF THE DRAWINGS

[0012] To describe the technical solutions of the present invention more clearly, the
following outlines the accompanying drawings used in description of the embodiments of the

present invention or the prior art. Apparently, the accompanying drawings are illustrative



CA 02843207 2014-01-27

4

il

rather than exhaustive, and persons of ordinary skill in the art can derive other drawings from

them without any creative etfort.

[0013] FIG. 1 is a schematic diagram of a relevant OTN rate hierarchy;
[0014] FIG. 2 is a flowchart of a method for transmitting service data on an optical - -
transport network according to an embodiment of the present invention;

[(0015] FIG. 3A to FIG. 3F are schematic diagrams of a method for transmitting service
data on an optical transport network according to another embodiment of the present
invention;

[0016] FIG. 4 is a schematic diagram of an OTN rate hierarchy according to an
embodiment of the present invention;

[0017] FIG ‘5 is a flowchart of another method for transmitting service data on an optical
transport network according to an embodiment of the present invention;

[0018] FIG. 6 is a block diagram of an apparatus for transmitting service data on an
optical transport network according to an embodiment ot the present invention;

10019] FIG. 7 is a block diagram of another apparatus for transmitting service data on an
optical transport network according to an embodiment of the present invention; and

[0020] FIG. 8 is a block diagram of a system for transmitting service data on an Optical

transport network according to an embodiment of the present invention.

DETAILED DESCRIPTION OF THE EMBODIMENTS

[0021] The following detailed description is given in conjunction with the accompanying
drawings in order to provide a thorough understanding of the present invention. Evidently, the
drawings and the detailed description are merely representative of particular embodiments of

the present invention rather than all embodiments. All other embodiments, which can be
derived by those skilled in the art from the embodiments given herein withlout any creative
effort, shall fall within the protection scope of the present invention.

[0022]  FIG. 1 is a schematic diagram of a relevant OTN rate hierarchy.

[0023] L1 to L4 in FIG. 1 represent service data of different fixed transmission rates in

ascending order, respectively. For example, L1 is service data of STM-16 mode, L2 is
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service data of STM-64 mode, 1.3 is service data of STM-256 mode, and L4 is service data of -

100G Ethernet (100 GE ) mode. L5 represents service data of various rates.

(0024] The physical layer-relevant interface standard (G.709 protocol) recommendations
define four line rates: OTU1, OTU2, OTU3, and OTU4, and four optical channel data units
(ODUk, Optical Channel Data Unit-k) corresponding to the line rates: ODUI, ODU2, ODU3,
and ODU4. The ODUs break down into High Order ODU (HO ODU) and Low Order ODU |
(LO ODU). Service data is mapped into the low order ODU, and the mapped service data 1s
multiplexed through the low order ODU into the high order ODU. For example, taking the
ODU1 shown in FIG. 1 as an example, ODU1 is multiplexed through ODU2 and ODU3 into
ODU4 repeatedly, or ODU1 is multiplexed into ODU4 directly or multiplexed through ODU?2
into ODU3, and so on. The ODUflex is adaptable to data services of different rates from L5,
and then multiplexed into a high order ODU. The high order ODU generates the .
corresponding OUT rate level so as to transmit service data onto the OTN.

[0025] In the relevant OTN rate hierarchy, only 4 fixed line rates exist, and are not enough
for meeting the development requirements of higher-rate QTNs. The embodiments of the
present invention provide a method, an apparatus, and a system for transmitting service data
on an OTN to solve the foregoing problem.

[0026] FIG. 2 is a flowchart of a method 20 for transmitting service. data on an optical
transport network according to an embodiment of the present invention. What 1s shown 1n FIG.
2 is a transmitter-side method. As shown in FIG. 2, the method 20 includes the following
steps:

[0027]  Step 21: Map the service data into a Low Order flexible ODU (LO ODUﬂex).

[0028] Step 23: Multiplex multiple LO ODUflexs into a High Order flexible ODU (HO

ODU{lex).
[0029] Step 25: Add a FEC overhead into the HO ODUflex to generate a flexible OTU

(OTUftlex).
[0030] Step 27: Split the OTUflex into mmuttiple data channel signals, and modulate the

data channel signals to orthogonal frequency division multiplexing (OFDM) subcarriers to

send the OFDM subcarriers.
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(0031] This embodiment can provide OTUflexs, so as to make the network adapt the

service data for flexibly variable line rates of the optical transport network through a control

protocol, and realize to transmit service data of different rates to meet the development -

requirements of higher-rate optical transport networks.

[0032] FIG. 3A to FI1G. 3F are schematic diagrams of a method 30 for transmitting service
data on an optical transport network according to an embodiment of the present invention.
The method 30 is a transmitter-side method.

[0033] As shown in FIG 3A to FIG. 3B, the service data is mapped into multiple LO
ODUtlexs. The mapping may be performed through a generic framing procedure (GFP), or B
through s‘ynchro'nous mapping. For ease of description, FIG. 3 shows two LO ODUflexs: a
first LO ODUflex and a second LO ODUflex. However, the number of LO ODUflexs is not

limited herein.

[0034]  As shown in FIG. 3C, the first LO ODUflex and the second LO ODUflex are

multiplexed into an HO ODUflex. The multiplexing may be implemented through a Generic |

Mapping Procedure (GMP).
[0035] As shown in FIG. 3D, a FEC overhead is added into the HO ODUflex to generate

an OTUflex.
[0036] In the foregoing step, rate V; of the OTUflex and rate V of the HO ODUflex

tulfill formula 1:
V1 =255/239 x V5 Formula 1
[0037] - Besides, before the rate V; of the OTUflex and the rate V. of the HO ODUflex

fuifill the formula 1, it is restricted that both the rate V; of the OTUflex and first rate V5 fulfill

formula 2. |
Vi=N X V3 Formula 2
[0038] The value of the first rate V3 niay be set according to the optical Frequency Grid

(FG) defined by the International Telecommunication Union — Telecommunication (ITU-T) ‘
G.694.1. Nis a pbsitive integer greater than 2.

10039] The OTN rate levels from 2.5 Gbps to 100 Gbps already exist and are deployed on
the network massively. To be compatible with such rates, the rate of the OTUflex may be

defined as only the rate level greater than OTU4. Therefore, when the FG is selected as 6.25
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GHz, naniely, th*e first rate V3 is 6.25 Gbps, N is a positive integer greater than or equal to 18.
When the FG is selected as 12.5 G, namely, the first rate V3 is 12.5 Gbps, N is a positive
integer greater than or equal to 9.

[0040]  As shown in FIG. 3E, the OTUflex is split into multiple data channel signals.

(0041} The OTUflex may be split into N data channel signals of the first rate V3 according
to the rate V; of the OTUftlex.

[0042] When the first rate V; is selected as 6.25 Gbps, the OTUflex is split into 18 data
channel signals (lane) of the first rate V3 according to the rate V; of the OTUflex.

[0043] - As shown in FIG. 3F, the data channel signais are modulated to .orthogonal
frequenéy division multiplexing subcarriers to send the orthogonal frequency division
multiplexing subcarriers.

[0044] - The N data channel signals, which are a result of spiitting the OTUltlex, are
respectively modulated to each OFDM subcarrier. One OFDM subcarrier may correspond to
one or more data channel signals, which depends on modulation format of each OFDM
subcarrier. For example, corresponding to a Quadrature Phase Shift Keying (QPSK)
modulation mode, one OFDM subcarrier corresponds to 2 data channel signals; or
corresponding to a PM-QPSK (where PM refers to Polarization Multiplex) modulation format, -
one OFDM subcarrier corresponds to 4 data channel signals; or corresponding to a
PM-16QAM modulation format, one OFDM subcarrier corresponds to 8 data channel signals.
[0045] When the bandwidth of the service to be sent needs to increase or decrease, the
network control may select OFDM subcarrier spectrum and the demodulation format
according to parameters of the optical layer physical link for transmitting the service, for
example, required transmission distance and spectrum bandwidth restriction, and further
select a proper OTUtlex rate. Once the rate of the OTUflex changes, the rate of the LO
ODUflexs over the OTUflex is further adjusted according to a GHAO (HAO, Hitless
Adj ustment of ODUflex) protocol, and the bandwidth of the service over the LO ODUflexs 1s

changed.
[0046] For example, a service between the network node A and the network node B needs

to be activated; the distance between A and B is known as 500 km, and the bandwidth of the

service required between A and B is 200 Gbps; and the available fiber spectrum 1s 100 GHZ.
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If the reéuired optical signal-to-noise ratio (OSNR) under a limit of an acceptable bit error
rate is 19 dB, a test is carried out according to such conditions, and the test result shows that -
16 OFDM subcarriers may be applied, and the modulation format ot each subcarrier is BPSK.
According to the formula 2, it is calculated out that N = 200G/12.5 G = 16, and then the rate

of the HO ODUflex is calculated according to the formula 1. The service data 1s sent

according to the method in FIG. 2 and FIG. 3.

[0047] When the bandwidth of the service required between A and B 1s increased as 400 G,
the fiber spectrum bandwidth may be added to meet the requirement. The number of
subcarriers chan.ges from 16 to 32, and the subcarrier modulation format remains unchanged.
The corresponding rate of the OTUflex is doubled, the value of N is doubled, and the rate of
the HO ODUflex is doubled too. After the HO ODUflex is adjusted, the rate of the LO

ODUflexs and the rate of the service data over the LO ODUflexs are adj usted according to the

G.HAQ protocol to increase the service data bandwidth.

[0048]  In this example, if the OSNR tolerance available provided by the transmitter 1s up
to 30 dB, which 1s more' than enough for meeting the required 19 dB and.can meet the
requirement of the QPSK modulation format undoubtedly, each subcarrier may use the QPSK
modﬁlation format without increasing the number of the OFDM subcarriers, thereby avoiding
increase of the ﬁber spectrum bandwidth. The corresponding rate of the OTUflex is doubled,
the value of N is doubled, and the rate of the HO ODUflex is doubled too. After the HO
ODUflex is adjusted, the rate of the LO ODUflex and the rate of the service data over the LO
ODUflex are adjusted according to the GHAO protocol to increase the service data
bandwidth.

[0049] This embodiment provides OTUflexs. Therefore, the network adapts service data
for flexibly variable line rates of the optical transport network through a control protocol, and

transmits service data of different rates to meet the development requirements of higher-rate

optical transport networks.

[0050] FIG. 4 is a schematic diagram of an OTN rate hierarchy according to an

embodiment of the present invention.

[0051]  The same reference numbers are used throughout FIG. 4 to refer to the same or

similar units shown in FIG. 1. The difference from FIG. 1 is: According to this embodiment,
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OTUflex units are introduced, and LO ODUflex and HO ODUflex are also introduced.
Therefore, the network adapts service data for flexibly variable line rates of the optical
transport network through a control protocol, and transmits service data of different rates to
meet the requirements of higher-rate optical transport networks such as high speed Ethernet
(HSE) represented by L6.

[0052] FIG. 5 is a flowchart of another method 50 for transmitting service data on an
optical transport network according to an embodiment of the present invention. FIG. 5 shows
a receiver-side method. As shown in FIG. 5, the method 50 includes the following steps:
[0053] Step . 51: Demodulate received orthogonal frequency division multiplexing
subcarriers to data channel signals, and combine the data channel signals into an OTUflex.
[0054] - Step 53: Remove an FEC overhead from the OTUf{lex to generate a high order
ODUtlex.

[0055] Step 55: Demultiplex the high order ODUflex to a low order ODUf{lex.

[0056] = Step 57: Demap the low order ODUtlex to service data.

‘[0057] This embodiment provides OTUflexs. Therefore, the network adapts service data
for flexibly variable line rates of the optical transport network through a control protocol, and
transmits'service“: data of different rates to meet the development requirements of higher-rate
optical transport networks.

[0058] The reverse process of the method 30 is an exemplary mode of implementing the
method 50 shown in FIG. 5. By referring to the order of FIG 3F to FIG 3A, the following
describes an embodiment of the receiver-side method 50.

[0059]  As shown in FIG 3F to FIG. 3E, the data channel signals are generated by
demodulating the received orthogonal frequency division multiplexing subcarriers.

[0060] At the time of sending the OFDM subcarriers, one OFDM subcarrier may
correépond to one or more data channel signals, which depehds on the modulation format of .

" each OFDM subcarrier. The receiver may demodulate one OFDM subcarrier to obtain

multiple data channel signals according to the mapping relationship determined by the - -

transmitter.

[0061]  As shown in FIG. 3D, the data channel signals are combined into an OTUflex.
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[0062]  Because the transmitter restricts both of the rate V; of the OTUflex and the first

rate V3 to fulfill the formula 2, the multiple data channel signals are combined mto the

OTUflex according to relationship of N-fold of the first rate V5. Whereas the rate of each data

channel signal is equal to the first rate V.

0063} When the first rate V3 is 6.25 Gbps, 18 data channel signals are combined into the

OTUflex whose rate is higher than the OTU4.
[0064] - As shown in FIG 3C, the OTUflex is stripped of the FEC overhead, and so on, to

generate the HO ODUflex.

[0065) In the foregoing step, the rate V; of the OTUflex and the rate V, of the HO

ODUflex meet the formuia 1.
[0066] As shown in FIG. 3B, the HO ODUflex is demultiplexed to a first LO ODUtlex

and a second LO ODUflex.

[0067] " As shown in FIG. 3A, the first LO ODUflex and the second LO ODUtlex are

demapped to obtain service data.

[0068] This embodiment provides OTUflexs. Therefore, the network adapts service data

for flexibly variable line rates of the optical transport network through a control protocol, and

transmits service data of different rates to meet the development requirements of higher-rate

optical transport networks.

[0069] FIG. 6 1s a bloék diagram of an apparatus 60 for transmitting service data on an

optical transport network according to an embodiment of the present invention.

[0070] The apparatus 60 includes a mapping unit 61, a niultiplexing unit 62, a generating

unit 63, and a modulating unit 64.

0071] The mapping unit 61 maps the service data into a low order ODUflex.

[0072]  The multiplexing unit 62 multiplexes multiple low order ODUflexs generated as a

result of mapping by the mapping unit 61 into a high order ODUflex.

[0073] The generating unit 63 adds a FEC overhead into the high order ODUtlex

generated as a result of multiplexing by the multiplexing unit 62 to generate an OTUflex.

[0074] The modulating unit 64 splits the OTUflex generated by the generating unit 63 into

multiple data channel signals, and modulates the data channel signals to orthogonal frequency
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division multiplexing subcarriers to send the orthogonal frequency division multiplexing

subcarriers.

[0075] " The apparatus 60 implements the method 20 and the method 30, whose details are

not repeated here any further.

[0076] This embodiment provides OTUflexs. Therefore, the network adapts service data

for flexibly variable line rates of the optical transport network through a control protocol, and

transmits service data of different rates to meet the development requirements of higher-rate

optical transport networks.

[0077] FIG. 7 is a block diagram of another apparatus 70 for transmitting service data on

an optical transport network according to an embodiment of the present invention.

[0078]  The apparatus 70 includes a demodulating unit 71, a generating unit 72, a

demultiplexing unit 73, and a demapping unit 74.

[0079] The demodulating unit 71 demodulates received orthogonal frequency division -

multiplexing subcarriers to data channel signals, and combines the data channel signals into

an OTUflex.
[0080] The generating unit 72 removes a FEC overhead from the OTUtlex generated as a

result of demodulation by the demodulating unit 71 to generate a high order ODUtlex.

[0081] The demultiplexing unit 73 demultiplexes the high order ODUflex generated by

the generating unit 72 to low order ODUtlexs.
[0082] " The demapping unit 74 demaps the low order ODUflexs generated as a result of

demultiplexing by the demultiplexing unit 73 to service data.

[0083] The apparatus 70 implements the method 50, whose details are not repeated here

any further.
[0084]  This embodiment provides OTUflexs. Therefore, the network adapts service data

for flexibly variable line rates of the optical transport network through a control protocol, and

transmits service data of different rates to meet the development requirements of higher-rate

optical transport networks.

[0085] FIG. 8 is a block diagram of a system 80 tor transfnitting service data on an optical

transport network according to an embodiment of the present invention.
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[0086] The system 80 includes the apparatus 60 and the apparatus 70, whose details are

not repeated here any further.

[0087] This embodiment provides OTUflexs. Therefore, the network adapts service data
for flexibly variable line rates of the optical transport network through a control protocol, and

transmits service data of different rates to meet the development requirements of higher-rate

optical transport networks.

[0088] Persons of ordinary skill in the art are aware that the various exemplary units and
algorithm steps described in connection with the embodiments disclosed herein can be
implemented as electronic hardware, or a combination of computer software and electronic
hardware. Whether such functionality is implemented as hardware or software depends upon
the partici,llar application of the technical solution and design constraints. Skilled artisans may
implement the described functionality in varying ways for each particular application, but

such implementation decisions should not be interpreted as causing a departure from the

scope of the present information.

[0089]  Those skilled in the art understand that, for convenience and brevity of description,

the detailed working procedures of the systems, apparatuses, and units described above can be
deduced effortlessly from 'the corresponding procedures in the method embodiments, and are
not repeated herein.

[0090] Understandably, in the embodiments described herein, the disclosed systems,
apparatuses and methods may be implemented in other modes. For example, the apparatus
embodiments above are illustrative in nature, and the units of the apparatus are defined from -
the perspective of logical functions only and may be defined in a different way 1n practical
application. For example, multiple units or components may be combined or integrated into
another system, or some features may be ignored or not executed. Besides, the coupling,
direct coupling or communication connection illustrated or discussed herein may be
implemented through indirect coupling or communication connection between interfaces,
apparatuses or units, and may be electronic, mechanical, or in other forms.

[0091] " The units described as stand-alone components above may be separated physically

or not; and the components illustrated as units may be physical units or not, namely, they may

be located in one place, or distributed on multiple network elements. Some or all of the units
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described above may be selected as required to fulfill the objectives of the technical solutions

of the present invention.

[0092] Besides, all function units in the embodiments of the present invention may be

physically stand-alone, or integrated into a processing module, or two or more of the units are

integrated into one unit.

[0093] When being implemented as a software function unit and sold or used as a

stand-alone product, the functionality may be stored in a computer-readable storage medium.
Therefore, the essence of .the technical solutions of the present invention, or contribution to
the prior art, or a part of the technical solutions, may be embodied in a software product. The
softWare product is stored in a computer-readable storage medium and Incorporates several

instructions causing a computer device (for example, personal computer, server, or network

device) to execute all or part of the steps of the method specified in any embodiment of the

present invention. Examples of the storage medium include various media capable of storing
program codes, such as USB flash disk, mobile hard disk, read-only memory (ROM,
Read-Only Memory), random access memory (RAM, Random Access Memory), magnetic

disk, or CD-ROM.

[0094] The above descriptions are merely preferred embodiments of the present invention,
but not intended to limit the protection scope of the present invention. Any modifications,
variations or replacement that can be easily derived by those skilled in the art without
departing from the spirit of the present invention shall fall within the protection scope of the
present invention. Therefore, the protection scope of the present invention i1s subject to the

appended claims.
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What 1s claimed 1s:

1. A method for transmitting service data on an optical transport network, comprising:

fnapping the service data into a low order flexible optica'l channel data unit (ODUf{lex);

multiplexing multiple low order ODUtlexs into a high order ODUtlex;

adding a forward error correction (FEC) overhead into the high order ODUftlex to =
generate a flexible optical channel transport unit (OTUflex); and .

splitting the OTUflex into multiple data channel signals, and modulating the data
channel signals to orthogonal frequency division multiplexing subcarriers to send the
orthogonal frequency division multiplexing subcarriers.

2. The method according to claim 1, wherein:

a rate of the OTUtlex is equal to N-fold of a first rate, wherein N 1s a positive integer

oreater thén 1.

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

the splitting the OTUflex into multiple data channel signals comprises:

splitting the OTUflex into N data channel signals whose rate is the first fate according to
the OTUflex, wherein N is a positive integer greater than 2.

4. The method according to claim 2 or 3, wherein:

when the first rate i1s 6.25 Gbps, N is a positive integer greater than or equal to 18; or

when the first rate is 12.5 Gbps, N is a positive integer greater than or equal to 9.

5. The method according to any one of claims 1-4, wheréin:

the adding the FEC overhead into the high order ODUlflex to génerate the OTUftlex

COmprises:

making the rate of the high order ODUflex and the rate of the OTUﬂex fulfill: the rate of
the OTUflex = 255/239 x the rate of the high order ODU1lex.

6. The method according to any one of claims 1-4, wherein:

the mapping the service data into the low order ODUftlex comprises:
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mapping the service data into the low order ODUflex through a generic framing

procédure (GFP) .

7. The method according to any one of claims 1-4, wherein:

the multiplexing multiple low order ODUflexs into the high order ODUflex comprises:

multiplexing multiple low order ODUflexs into the high order ODUflex through a
generic mapping procedure (GMP) .

8. The method according to any one of claims 1-4, wherein:

' the modulating the data channel signals to the orthogonal frequency division
multiplexing subcarriers comprises:

a corresponding relationship exists between number of modulated data channel signals |
and one orthoéonal frequency division multiplexing subcarrier according to different
modulation formats of the orthogonal ffequency division multiplexing subcarrier.

9. A method for transmitting service data on an optical transport network, comprising:

demodulating received orthogonal frequency division multiplexing subcarriers to data
channel signals, and combining the data channel signals into a flexible optical channel
transport unit (OTUtlex);

demapping the OTUflex to a high order flexible optical channel data unit (ODUflex);

demultiplexing the high order ODUflex to low order ODUflexs; and

demapping the low order ODUflexs to service data.

10. An apparatus for transmitting service data on an optical transport network,
comprising:

a mapping unit, configured to map the service data into a low order flexible optical

channel data unit (ODUflex);

a multiplexing untt, configured to multiplex multiple low order ODUflexs generated as a

result of mapping by the mapping unit into a high order ODU{lex;

a generating unit, configured to add a forward error correction (FEC) overhead into the
high order ODUflex generated as a result of multiplexing by the multiplexing unit to generate -

a ﬂexible'opticai channel transport unit (OTUflex); and

a modulating unit, configured to split the OTUflex generated by the generating unit into

multiple data channel signals, and modulate the data channel signals to orthogonal frequency
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division multiplexing subcarriers to send the orthogonal frequency division multiplexing
subcarriefs.

11. The apparatus according to claim 10, wherein:

a rate of the OTUflex generated by the generating unit is equal to N-fold of a first rate,
wherein N is a positive integer greater than 1. ‘

12. The apparatus according to claim 10 or 11, wherein:

the modulating unit splits the OTUflex into N data channel signals whose rate 1s the first
rate according to the OTUﬂex, wherein N 1s a positive integer greater than 2.

13. The apparatus according to claim 11 or 12, wherein:

When the first rate is 6.25 Gbps, N 1s a positive integer gfeater than or equal to 18; or

when the ﬁfst rate 1S 12.5 Gbps, N is a positive integer greater than or equal to 9.

14. The apparatus according to any one of claims 10-13, wherein:

the generating unit makes the rate of the high order ODUflex and the rate of the OTUf{lex
fulfill: the rate of the OTUflex = 255/239 x the rate of the high order ODUf{lex.

15. The apparatus according to any one of claims 10-13, wherein:

the mapping unit maps the service data into the low order ODUf{lex through a generic

framing procedure.
16. The apparatus according to any one of claims 10-13, wherein:

the fnultiplexing unit multiplexes multiple low order ODUflexs into the high order

ODUltlex through a generic mapping procedure.

17. The apparatus according to any one of claims 10-13, wherein:

a corresponding relationship exists between number of data channel signals modulated
by the modulating unit and one orthogonal frequency division multiplexing subcarrier
according to different modulation formats of the orthogonal frequency division multiplexing

subcarrier.

18. An apparatus for transmitting service data on an optical transport network,
comprising:

a demodulating unit, configured to demodulate received orthogonal frequency division

multiplexing subcarriers to data channel signals, and combine the data channel signals intoa "

flexible optical channel transport unit (OTUflex);
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a generating unit, configured to remove a forward error correction (FEC) overhead from
the OTUftlex genérated as a result of demodulation by the demodulating unit to generate a
high order flexible optical channel data unit (ODUtlex);

a demultiplexing unit, configured to demultiplex the high orde‘r ODUflex generated by
the generating unit to low order ODUflexs; and

a demapping unit, configured to demap the low ordef ODUflexs generated as a result of
demultiplexing by the demultiplexing unit to service data.

19. A system for transmitting service data on an optical transport network, comprising an

apparatus specified in any one of claims 10-17, and an apparatus specified in claim 18.
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