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Recommendation ITU-T G.709/Y.1331

Interfaces for the Optical Transport Network (OTN)

Summary

Recommendation ITU-T G.709/Y.1331 defines the requirements for the optical transport module of
order n (OTM-n) signals of the optical transport network, in terms of:

— optical transport hierarchy (OTH);
— functionality of the overhead in support of multi-wavelength optical networks;
- frame structures;

- bit rates;
— formats for mapping client signals.

The first revision of this Recommendation includes the text of Amendment 1 (ODUk virtual
concatenation, ODUk multiplexing, backward IAE), extension of physical interface specification,
ODUk APS/PCC signal definition and several editorial enhancements.

The second revision of this Recommendation includes the text of Amendments 1, 2, 3, Corrigenda 1,
2, Erratum 1, Implementers Guide, support for an extended (unlimited) set of constant bit rate client
signals, a flexible ODUk, which can have any bit rate and a bit rate tolerance up to £100 ppm, a
client/server independent generic mapping procedure to map a client signal into the payload of an
OPUKk, or to map an ODUj signal into the payload of one or more tributary slots in an OPUk, ODUk
delay measurement capability.

History
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1.0 ITU-T G.709/Y.1331 2001-02-09 15
1.1 ITU-T G.709/Y.1331 (2001) Amend. 1  2001-11-29 15
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FOREWORD

The International Telecommunication Union (ITU) is the United Nations specialized agency in the field of
telecommunications, information and communication technologies (ICTs). The ITU Telecommunication
Standardization Sector (ITU-T) is a permanent organ of ITU. ITU-T is responsible for studying technical,
operating and tariff questions and issuing Recommendations on them with a view to standardizing
telecommunications on a worldwide basis.

The World Telecommunication Standardization Assembly (WTSA), which meets every four years,
establishes the topics for study by the ITU-T study groups which, in turn, produce Recommendations on
these topics.

The approval of ITU-T Recommendations is covered by the procedure laid down in WTSA Resolution 1.

In some areas of information technology which fall within ITU-T's purview, the necessary standards are
prepared on a collaborative basis with ISO and IEC.

NOTE

In this Recommendation, the expression "Administration" is used for conciseness to indicate both a
telecommunication administration and a recognized operating agency.

Compliance with this Recommendation is voluntary. However, the Recommendation may contain certain
mandatory provisions (to ensure e.g. interoperability or applicability) and compliance with the
Recommendation is achieved when all of these mandatory provisions are met. The words "shall" or some
other obligatory language such as "must" and the negative equivalents are used to express requirements. The
use of such words does not suggest that compliance with the Recommendation is required of any party.

INTELLECTUAL PROPERTY RIGHTS

ITU draws attention to the possibility that the practice or implementation of this Recommendation may
involve the use of a claimed Intellectual Property Right. ITU takes no position concerning the evidence,
validity or applicability of claimed Intellectual Property Rights, whether asserted by ITU members or others
outside of the Recommendation development process.

As of the date of approval of this Recommendation, ITU had received notice of intellectual property,
protected by patents, which may be required to implement this Recommendation. However, implementers
are cautioned that this may not represent the latest information and are therefore strongly urged to consult the
TSB patent database at http://www.itu.int/ITU-T/ipr/.

© ITU 2010

All rights reserved. No part of this publication may be reproduced, by any means whatsoever, without the
prior written permission of ITU.
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Recommendation ITU-T G.709/Y.1331

Interfaces for the Optical Transport Network (OTN)

1 Scope

The optical transport hierarchy (OTH) supports the operation and management aspects of optical
networks of various architectures, e.g., point-to-point, ring and mesh architectures.

This Recommendation defines the interfaces of the optical transport network to be used within and
between subnetworks of the optical network, in terms of:

— optical transport hierarchy (OTH);

— functionality of the overhead in support of multi-wavelength optical networks;
- frame structures;

- bit rates;

- formats for mapping client signals.

The interfaces defined in this Recommendation can be applied at user-to-network interfaces (UNI)
and network node interfaces (NNI) of the optical transport network. It is recognized, for interfaces
used within optical subnetworks, that aspects of the interface are optical technology dependent and
subject to change as technology progresses. Therefore, optical technology dependent aspects (for
transverse compatibility) are not defined for these interfaces to allow for technology changes. The
overhead functionality necessary for operations and management of optical subnetworks is defined.

The second revision of this Recommendation introduces:
— support for an extended (unlimited) set of constant bit rate client signals;
— a flexible ODUKk, which can have any bit rate and a bit rate tolerance up to =100 ppm,;

— a client/server independent generic mapping procedure to map a client signal into the
payload of an OPUKk, or to map an ODUj signal into the payload of one or more tributary
slots in an OPUK;

— ODUk delay measurement capability.

2 References

The following ITU-T Recommendations and other references contain provisions which, through
reference in this text, constitute provisions of this Recommendation. At the time of publication, the
editions indicated were valid. All Recommendations and other references are subject to revision;
users of this Recommendation are therefore encouraged to investigate the possibility of applying the
most recent edition of the Recommendations and other references listed below. A list of the
currently valid ITU-T Recommendations is regularly published. The reference to a document within
this Recommendation does not give it, as a stand-alone document, the status of a Recommendation.

[ITU-T G.652] Recommendation ITU-T G.652 (2009), Characteristics of a single-mode
optical fibre and cable.

[ITU-T G.653] Recommendation ITU-T G.653 (2006), Characteristics of a dispersion-
shifted single-mode optical fibre and cable.

[ITU-T G.655] Recommendation ITU-T G.655 (2009), Characteristics of a non-zero
dispersion-shifted single-mode optical fibre and cable.

[ITU-T G.693] Recommendation ITU-T G.693 (2009), Optical interfaces for intra-office
Systems.

Rec. ITU-T G.709/Y.1331 (12/2009) 1



[ITU-T G.695]

[ITU-T G.707]

[ITU-T G.780]

[ITU-T G.798]

[ITU-T G.805]

[ITU-T G.806]

[ITU-T G.870]

[ITU-T G.872]

[ITU-T G.873.1]

[ITU-T G.959.1]

[ITU-T G.984.6]

[ITU-T G.7041]

[ITU-T G.7042]

[ITU-T G.8011.1]

[ITU-T 1.432.1]

[ITU-T M.1400]

[ITU-T M.3100 Amd.3]

[ITU-T 0.150]

[ITU-T T.50]

Recommendation ITU-T G.695 (2009), Optical interfaces for coarse
wavelength division multiplexing applications.

Recommendation ITU-T G.707/Y.1322 (2003), Network node interface
for the synchronous digital hierarchy (SDH).

Recommendation ITU-T G.780/Y.1351 (2008), Terms and definitions for
synchronous digital hierarchy (SDH) networks.

Recommendation ITU-T G.798 (2006), Characteristics of optical
transport network hierarchy equipment functional blocks, plus
Amendment 1 (2008).

Recommendation ITU-T G.805 (2000), Generic functional architecture
of transport networks.

Recommendation ITU-T G.806 (2009), Characteristics of transport
equipment — Description methodology and generic functionality.

Recommendation ITU-T G.870/Y.1352 (2004), Terms and definitions for
optical transport networks (OTN).

Recommendation ITU-T G.872 (2001), Architecture of optical transport
networks.

Recommendation ITU-T G.873.1 (2006), Optical Transport Network
(OTN): Linear protection.

Recommendation ITU-T G.959.1 (2009), Optical transport network
physical layer interfaces.

Recommendation ITU-T G.984.6 (2008), Gigabit-capable passive
optical networks (GPON): Reach extension, plus Amendment 1 (2009).

Recommendation ITU-T G.7041/Y.1303 (2003), Generic framing
procedure (GFP).

Recommendation ITU-T G.7042/Y.1305 (2001), Link capacity
adjustment scheme (LCAS) for virtual concatenated signals.

Recommendation ITU-T G.8011.1/Y.1307.1 (2009), Ethernet private
line service.

Recommendation ITU-T 1.432.1 (1999), B-ISDN user-network
interface — Physical layer specification: General characteristics.

Recommendation ITU-T M.1400 (2001), Designations for
interconnections among operators' networks.

Recommendation ITU-T M.3100 (1995) Amd.3 (2001), Generic network
information model — Amendment 3: Definition of the management
interface for a generic alarm reporting control (ARC) feature.

Recommendation ITU-T O.150 (1996), General requirements for
instrumentation for performance measurements on digital transmission
equipment.

Recommendation ITU-T T.50 (1992), International Reference Alphabet
(IRA) (Formely International Alphabet No. 5 or IA5) — Information
technology — 7-bit coded character set for information interchange.

Rec. ITU-T G.709/Y.1331 (12/2009)



[IEEE 802.3]

3

3.1

This Recommendation uses the following terms defined elsewhere:

3.1.1

Physical Layer Specifications.

Terms and definitions

Terms defined elsewhere

Terms defined in [ITU-T G.780]:
BIP-X

network node interface

Terms defined in [ITU-T G.805]:
adapted information (Al)
characteristic information (CI)
network

subnetwork

Terms defined in [ITU-T G.870]:
CBR10G

CBR2GS5

CBR40G

completely standardized OTUk (OTUKk)
connection monitoring end point (CMEP)
functionally standardized OTUk (OTUkV)
hitless activation/deactivation of a connection monitor
inter-domain interface (IrDI)

intra-domain interface (IaDI)

link capacity adjustment scheme (LCAS)
non associated overhead (naOH)

OCC with full functionality (OCC)

OCC with reduced functionality (OCCr)
OCG with full functionality (OCG n)
OCG with reduced functionality (OCG nr)
ODUk path (ODUKP)

ODUk TCM (ODUKT)

optical carrier group of order n (OCG n[r])
optical channel (OCh][r])

optical channel carrier (OCC[r])

optical channel data unit (ODUk)

optical channel payload unit (OPUk)
optical channel transport unit (OTUk[V])
optical channel with full functionality (OCh)

Rec. ITU-T G.709/Y.1331 (12/2009)
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- optical channel with reduced functionality (OChr)
— optical multiplex unit (OMU n, n> 1)

— optical physical section of order n (OPSn)

— optical supervisory channel (OSC)

— optical transport hierarchy (OTH)

— optical transport module (OTM n[r].m)

— optical transport network (OTN)

— optical transport network node interface (ONNI)
— OTH multiplexing

— OTM overhead signal (OOS)

— OTM with full functionality (OTM n.m)

— OTM with reduced functionality (OTM-0.m, OTM-nr.m)

3.1.4 Terms defined in [ITU-T G.872]:
— optical multiplex section (OMS)
— optical transmission section (OTS)

3.2 Terms defined in this Recommendation
None.
4 Abbreviations

This Recommendation uses the following abbreviations:

0xYY YY is a value in hexadecimal presentation
16FS 16 columns with Fixed Stuff

3R Reamplification, Reshaping and Retiming
ACT Activation (in the TCM ACT byte)

Al Adapted Information

AIS Alarm Indication Signal

AMP Asynchronous Mapping Procedure

API Access Point Identifier

APS Automatic Protection Switching

BDI Backward Defect Indication

BDI-O Backward Defect Indication Overhead
BDI-P Backward Defect Indication Payload

BEI Backward Error Indication

BI Backward Indication

BIAE Backward Incoming Alignment Error

BIP Bit Interleaved Parity

BMP Bit-synchronous Mapping Procedure

Cn number of m-bit client data entities

4 Rec. ITU-T G.709/Y.1331 (12/2009)



Cop
CAUI
CB
CBR
CI
CM
CMEP
CMGPON_D
CMGPON_U2
CMOH
CPRI
CRC
CS
CSF
CTRL
DAPI
DMp
DMti
DNU
EDC
EOS
EXP
ExTI
FAS
FC
FDI
FDI-O
FDI-P
FEC
GCC
GID
GMP
GPON
[aDI
IAE
IrDI

number of n-bit client data entities
difference between C, and (m/n x Cy,)

(Chip to) 100 Gb/s Attachment Unit Interface

Control Block

Constant Bit Rate

Characteristic Information
Connection Monitoring

Connection Monitoring End Point
Continuous Mode GPON Downstream
Continuous Mode GPON Upstream 2
Connection Monitoring Overhead
Common Public Radio Interface
Cyclic Redundancy Check

Client Specific

Client Signal Fail

Control word sent from source to sink
Destination Access Point Identifier
Delay Measurement of ODUk path
Delay Measurement of TCMi

Do Not Use

Error Detection Code

End of Sequence

Experimental

Expected Trace Identifier

Frame Alignment Signal

Flag Continuation

Forward Defect Indication

Forward Defect Indication Overhead
Forward Defect Indication Payload
Forward Error Correction

General Communication Channel
Group Identification

Generic Mapping Procedure
Gigabit-capable Passive Optical Networks
Intra-Domain Interface

Incoming Alignment Error

Inter-Domain Interface

Rec. ITU-T G.709/Y.1331 (12/2009)
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JIC

JOH
LCAS
LF

LLM
LSB
MFAS
MFI

MS
MSB
MSI
MST
naOH
NJO
NNI
NORM
OCC
0OCCo
OCCp
OCCr
0CG
OCGr
OCh
OChr
oClI
ODTUG
ODTUjk
ODTUk.ts
ODU
ODUk
ODUKk-Xv
ODUkP
ODUKT
OH
OMFI
OMS
OMS-OH

Justification Control

Justification Overhead

Link Capacity Adjustment Scheme

Local Fault

Logical Lane Marker

Least Significant Bit

MultiFrame Alignment Signal

Multiframe Indicator

Maintenance Signal

Most Significant Bit

Multiplex Structure Identifier

Member Status

non-associated overhead

Negative Justification Opportunity

Network Node Interface

Normal Operating Mode

Optical Channel Carrier

Optical Channel Carrier — overhead

Optical Channel Carrier — payload

Optical Channel Carrier with reduced functionality
Optical Carrier Group

Optical Carrier Group with reduced functionality
Optical channel with full functionality

Optical channel with reduced functionality

Open Connection Indication

Optical channel Data Tributary Unit Group
Optical channel Data Tributary Unit j into k
Optical channel Data Tributary Unit k with ts tributary slots
Optical channel Data Unit

Optical channel Data Unit-k

X virtually concatenated ODUks

Optical channel Data Unit-k Path monitoring level
Optical channel Data Unit-k Tandem connection monitoring level
Overhead

OPU Multi-Frame Identifier

Optical Multiplex Section

Optical Multiplex Section Overhead
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OMU
ONNI
00S
OPS
OPSM
OPU
OPUk
OPUk-Xv
OSC
OTH
OTL
OTLC
OTLCG
O™
OTN
OTS
OTS-OH
OTU
OTUk
OTUkV
OTUk-v
P-CMEP
PCC
PCS
PJO
PLD
PM
PMA
PMI
PMOH
PN

POS
ppm
PRBS
PSI

PT

RES

Optical Multiplex Unit

Optical Network Node Interface

OTM Overhead Signal

Optical Physical Section

Optical Physical Section Multilane
Optical channel Payload Unit

Optical channel Payload Unit-k

X virtually concatenated OPUks
Optical Supervisory Channel

Optical Transport Hierarchy

Optical channel Transport Lane

Optical Transport Lane Carrier

Optical Transport Lane Carrier Group
Optical Transport Module

Optical Transport Network

Optical Transmission Section

Optical Transmission Section Overhead
Optical channel Transport Unit
completely standardized Optical channel Transport Unit-k
functionally standardized Optical channel Transport Unit-k
Optical channel Transport Unit-k with vendor specific OTU FEC
Path-Connection Monitoring End Point
Protection Communication Channel
Physical Coding Sublayer

Positive Justification Opportunity
Payload

Path Monitoring

Physical Medium Attachment sublayer
Payload Missing Indication

Path Monitoring Overhead
Pseudo-random Number

Position field

parts per million

Pseudo Random Binary Sequence
Payload Structure Identifier

Payload Type

Reserved for future international standardization
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RF Remote Fault

RS Reed-Solomon

RS-Ack Re-sequence acknowledge

SAPI Source Access Point Identifier

Sk Sink

SM Section Monitoring

SMOH Section Monitoring OverHead

So Source

SNC Subnetwork Connection

SNC/I Subnetwork Connection protection with Inherent monitoring
SNC/N Subnetwork Connection protection with Non-intrusive monitoring
SNC/S Subnetwork Connection protection with Sublayer monitoring
SQ Sequence Indicator

TC Tandem Connection

TC-CMEP Tandem Connection-Connection Monitoring End Point
TCM Tandem Connection Monitoring

TCMOH Tandem Connection Monitoring Overhead

TS Tributary Slot

TSOH Tributary Slot Overhead

TTT Timing Transparent Transcoding

TxTI Transmitted Trace Identifier

UNI User-to-Network Interface

VCG Virtual Concatenation Group

VCOH Virtual Concatenation Overhead

vcPT virtual concatenated Payload Type

5 Conventions

This Recommendation uses the following conventions defined in [ITU-T G.870]:

- k
- m
— n

— T

The functional architecture of the optical transport network as specified in [ITU-T G.872] is used to
derive the ONNI. The ONNI is specified in terms of the adapted and characteristic information

present in each layer as described in [ITU-T G.805].

Transmission order: The order of transmission of information in all the diagrams in this
Recommendation is first from left to right and then from top to bottom. Within each byte the most
significant bit is transmitted first. The most significant bit (bit 1) is illustrated at the left in all the

diagrams.
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Value of reserved bit(s): The value of an overhead bit, which is reserved or reserved for future
international standardization shall be set to "0".

Value of non-sourced bit(s): Unless stated otherwise, any non-sourced bits shall be set to "0".

OTUKk, ODUk and OPUk overhead assignment: The assignment of overhead in the optical
channel transport/data/payload unit signal to each part is defined in Figure 5-1.

Column #

1 ----- 7 8 ----- 14 15 16

1 Frame alignment area OTU specific overhead area

9
q; 2 2 E s
s 5g¢
e 3 ODU specific overhead area 5
2
4
G.709/Y.1331_F5-1
Figure 5-1 — OTUk, ODUk and OPUKk overhead
6 Optical transport network interface structure

The optical transport network as specified in [ITU-T G.872] defines two interface classes:
. inter-domain interface (IrDI);

. intra-domain interface (IaDI).
The OTN IrDI interfaces are defined with 3R processing at each end of the interface.

The optical transport module-n (OTM-n) is the information structure used to support OTN
interfaces. Two OTM-n structures are defined:

. OTM interfaces with full functionality (OTM-n.m);
. OTM interfaces with reduced functionality (OTM-0.m, OTM-nr.m, OTM-0.mvn).

The reduced functionality OTM interfaces are defined with 3R processing at each end of the
interface to support the OTN IrDI interface class.

6.1 Basic signal structure

The basic structure is shown in Figure 6-1.
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Clients (e.g. STM-N, ATM, IP, Ethernet, MPLS, ...)

| LO OPUK B
ODUKP £
LOODUké———————————————— cB
o2
ODUKT o4
Ko}
| HO OPUk 3
OTUkV | OTUk OTUkV | OTUk OTUk
ODUkP
HOODUk<———————— ) e R
ODUKT oCh oChr
OTUkV | OTUk OTUkV | OTUk OTUk | /
/ OMSn OPSMnk
/ OPSn
OCh OChr y oTSn
OMSn OPSMnk
OPSn OTM-n.m OTM-0.m, OTM-0.mvn
OTSn OTM-nr.m
Full Reduced Multi Lane,
functionality functionality Reduced
OTM interface OTM interface functionality
OTM interface
OTM-n.m OTM-0.m,  oTM-0.mvn
OTM-nr.m
Full Reduced Multi Lane,
functionality functionality Reduced

OTM interface OTM interface functionality
OTM interface

Figure 6-1 — Structure of the OTN interfaces

6.1.1 OCh substructure

The optical channel layer as defined in [ITU-T G.872] is further structured in layer networks in
order to support the network management and supervision functionalities defined in [ITU-T G.872]:

— The optical channel with full (OCh) or reduced functionality (OChr), which provides
transparent network connections between 3R regeneration points in the OTN.

— The completely or functionally standardized optical channel transport unit (OTUk/OTUKkV)
which provides supervision and conditions the signal for transport between 3R regeneration
points in the OTN.

— The optical channel data unit (ODUk) which provides:
* tandem connection monitoring (ODUKT);
» end-to-end path supervision (ODUkP);
« adaptation of client signals via the optical channel payload unit (OPUk);
» adaptation of OTN ODUk signals via the optical channel payload unit (OPUKk).

6.1.2  Full functionality OTM-n.m (n > 1) structure
The OTM-n.m (n > 1) consists of the following layers:

. optical transmission section (OTSn);
. optical multiplex section (OMSn):
. full functionality optical channel (OCh);
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. completely or functionally standardized optical channel transport unit (OTUk/OTUkV);
. one or more optical channel data unit (ODUK).

6.1.3 Reduced functionality OTM-nr.m and OTM-0.m structure

The OTM-nr.m and OTM-0.m consist of the following layers:

. optical physical section (OPSn);

. reduced functionality optical channel (OChr);

. completely or functionally standardized optical channel transport u