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Abstract: A flexible optical service unit (OSU) path layer is specified by this standard for optical
networks, providing services ranging from 2 Mb/s to 100 Gb/s. The main features of the OSU path
layer are being offered in the form of massive OSU connections that carry packet and constant bit
rate (CBR) services with guaranteed performance, enabling the flexible hitless bandwidth
adjustment (e.g., n x 10 Mb/s) for each OSU connection, along with capabilities such as high-
bandwidth efficiency, large capacity, and low latency. The OSU path layer can be carried on
different server layers, for instance, optical transport network (OTN), passive optical network
(PON), among others. High-quality leased line services and video services, with guaranteed
performance, that are utilized in telecom operators’ optical networks and other industry transport
networks are supported by this standard.

Keywords: Ethernet, IEEE 802.3, IEEE 1953.1, optical service unit, optical transport network,
OSU, OTN, passive optical network, PON, SDH, synchronous digital hierarchy
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Important Notices and Disclaimers Concerning IEEE Standards Documents

IEEE Standards documents are made available for use subject to important notices and legal disclaimers.
These notices and disclaimers, or a reference to this page (https:/standards.ieee.org/ipr/disclaimers.html),
appear in all IEEE standards and may be found under the heading “Important Notices and Disclaimers
Concerning IEEE Standards Documents.”

Notice and Disclaimer of Liability Concerning the Use of IEEE Standards
Documents

IEEE Standards documents are developed within IEEE Societies and subcommittees of IEEE Standards
Association (IEEE SA) Board of Governors. IEEE develops its standards through an accredited consensus
development process, which brings together volunteers representing varied viewpoints and interests to
achieve the final product. IEEE standards are documents developed by volunteers with scientific, academic,
and industry-based expertise in technical working groups. Volunteers involved in technical working groups
are not necessarily members of IEEE or IEEE SA and participate without compensation from IEEE. While
IEEE administers the process and establishes rules to promote fairness in the consensus development process,
IEEE does not independently evaluate, test, or verify the accuracy of any of the information or the soundness
of any judgments contained in its standards.

IEEE makes no warranties or representations concerning its standards, and expressly disclaims all warranties,
express or implied, concerning all standards, including but not limited to the warranties of merchantability,
fitness for a particular purpose and non-infringement IEEE Standards documents do not guarantee safety,
security, health, or environmental protection, or compliance with law, or guarantee against interference with
or from other devices or networks. In addition, IEEE does not warrant or represent that the use of the material
contained in its standards is free from patent infringement. IEEE Standards documents are supplied “AS IS”
and “WITH ALL FAULTS.”

Use of an IEEE standard is wholly voluntary. The existence of an IEEE standard does not imply that there
are no other ways to produce, test, measure, purchase, market, or provide other goods and services related to
the scope of the IEEE standard. Furthermore, the viewpoint expressed at the time a standard is approved and
issued is subject to change brought about through developments in the state of the art and comments received
from users of the standard.

In publishing and making its standards available, IEEE is not suggesting or rendering professional or other
services for, or on behalf of, any person or entity, nor is IEEE undertaking to perform any duty owed by any
other person or entity to another. Any person utilizing any IEEE Standards document should rely upon their
own independent judgment in the exercise of reasonable care in any given circumstances or, as appropriate,
seek the advice of a competent professional in determining the appropriateness of a given IEEE standard.

IN NO EVENT SHALL IEEE BE LIABLE FOR ANY DIRECT, INDIRECT, INCIDENTAL, SPECIAL,
EXEMPLARY, OR CONSEQUENTIAL DAMAGES (INCLUDING, BUT NOT LIMITED TO: THE
NEED TO PROCURE SUBSTITUTE GOODS OR SERVICES; LOSS OF USE, DATA, OR PROFITS; OR
BUSINESS INTERRUPTION) HOWEVER CAUSED AND ON ANY THEORY OF LIABILITY,
WHETHER IN CONTRACT, STRICT LIABILITY, OR TORT (INCLUDING NEGLIGENCE OR
OTHERWISE) ARISING IN ANY WAY OUT OF THE PUBLICATION, USE OF, OR RELIANCE UPON
ANY STANDARD, EVEN IF ADVISED OF THE POSSIBILITY OF SUCH DAMAGE AND
REGARDLESS OF WHETHER SUCH DAMAGE WAS FORESEEABLE.

Translations

The IEEE consensus balloting process involves the review of documents in English only. In the event that an
IEEE standard is translated, only the English language version published by IEEE is the approved IEEE
standard.
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Use by artificial intelligence systems

In no event shall material in any IEEE Standards documents be used for the purpose of creating, training,
enhancing, developing, maintaining, or contributing to any artificial intelligence systems without the express,
written consent of IEEE SA in advance. “Artificial intelligence” refers to any software, application, or other
system that uses artificial intelligence, machine learning, or similar technologies, to analyze, train, process,
or generate content. Requests for consent can be submitted using the Contact Us form.

Official statements

A statement, written or oral, that is not processed in accordance with the IEEE SA Standards Board
Operations Manual is not, and shall not be considered or inferred to be, the official position of IEEE or any
of its committees and shall not be considered to be, or be relied upon as, a formal position of IEEE or IEEE
SA. At lectures, symposia, seminars, or educational courses, an individual presenting information on IEEE
standards shall make it clear that the presenter’s views should be considered the personal views of that
individual rather than the formal position of IEEE, IEEE SA, the Standards Committee, or the Working
Group. Statements made by volunteers may not represent the formal position of their employer(s) or
affiliation(s). News releases about IEEE standards issued by entities other than IEEE SA should be
considered the view of the entity issuing the release rather than the formal position of IEEE or IEEE SA.

Comments on standards

Comments for revision of IEEE Standards documents are welcome from any interested party, regardless of
membership affiliation with IEEE or IEEE SA. However, IEEE does not provide interpretations,
consulting information, or advice pertaining to IEEE Standards documents.

Suggestions for changes in documents should be in the form of a proposed change of text, together with
appropriate supporting comments. Since IEEE standards represent a consensus of concerned interests, it is
important that any responses to comments and questions also receive the concurrence of a balance of interests.
For this reason, IEEE and the members of its Societies and subcommittees of the IEEE SA Board of
Governors are not able to provide an instant response to comments or questions, except in those cases where
the matter has previously been addressed. For the same reason, IEEE does not respond to interpretation
requests. Any person who would like to participate in evaluating comments or revisions to an IEEE standard
is welcome to join the relevant IEEE SA working group. You can indicate interest in a working group using
the Interests tab in the Manage Profile & Interests area of the IEEE SA myProject system.! An IEEE Account
is needed to access the application.

Comments on standards should be submitted using the Contact Us form.?

Laws and regulations

Users of IEEE Standards documents should consult all applicable laws and regulations. Compliance with the
provisions of any IEEE Standards document does not constitute compliance to any applicable regulatory
requirements. Implementers of the standard are responsible for observing or referring to the applicable
regulatory requirements. IEEE does not, by the publication of its standards, intend to urge action that is not
in compliance with applicable laws, and these documents may not be construed as doing so.

! Available at: https://development.standards.ieee.org/myproject-web/public/view.html#landing.
2 Available at: https://standards.ieee.org/about/contact/.
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Data privacy

Users of IEEE Standards documents should evaluate the standards for considerations of data privacy and data
ownership in the context of assessing and using the standards in compliance with applicable laws and
regulations.

Copyrights

IEEE draft and approved standards are copyrighted by IEEE under U.S. and international copyright laws.
They are made available by IEEE and are adopted for a wide variety of both public and private uses. These
include both use by reference, in laws and regulations, and use in private self-regulation, standardization, and
the promotion of engineering practices and methods. By making these documents available for use and
adoption by public authorities and private users, neither IEEE nor its licensors waive any rights in copyright
to the documents.

Photocopies

Subject to payment of the appropriate licensing fees, IEEE will grant users a limited, non-exclusive license
to photocopy portions of any individual standard for company or organizational internal use or individual,
non-commercial use only. To arrange for payment of licensing fees, please contact Copyright Clearance
Center, Customer Service, 222 Rosewood Drive, Danvers, MA 01923 USA; +1 978 750 8400;
https://www.copyright.com/. Permission to photocopy portions of any individual standard for educational
classroom use can also be obtained through the Copyright Clearance Center.

Updating of IEEE Standards documents

Users of IEEE Standards documents should be aware that these documents may be superseded at any time
by the issuance of new editions or may be amended from time to time through the issuance of amendments,
corrigenda, or errata. An official IEEE document at any point in time consists of the current edition of the
document together with any amendments, corrigenda, or errata then in effect.

Every IEEE standard is subjected to review at least every 10 years. When a document is more than 10 years
old and has not undergone a revision process, it is reasonable to conclude that its contents, although still of
some value, do not wholly reflect the present state of the art. Users are cautioned to check to determine that
they have the latest edition of any IEEE standard.

In order to determine whether a given document is the current edition and whether it has been amended
through the issuance of amendments, corrigenda, or errata, visit IEEE Xplore or contact IEEE.? For more
information about the IEEE SA or IEEE’s standards development process, visit the [EEE SA Website.

Errata

Errata, if any, for all IEEE standards can be accessed on the IEEE SA Website.* Search for standard number
and year of approval to access the web page of the published standard. Errata links are located under the
Additional Resources Details section. Errata are also available in IEEE Xplore. Users are encouraged to
periodically check for errata.

3 Available at: https://ieeexplore.ieee.org/browse/standards/collection/ieee.
4 Available at: https:/standards.ieee.org/standard/index.html.
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Patents

IEEE standards are developed in compliance with the IEEE SA Patent Policy.’

Attention is called to the possibility that implementation of this standard may require use of subject matter
covered by patent rights. By publication of this standard, no position is taken by the IEEE with respect to the
existence or validity of any patent rights in connection therewith. If a patent holder or patent applicant has
filed a statement of assurance via an Accepted Letter of Assurance, then the statement is listed on the IEEE
SA Website at https://standards.ieee.org/about/sasb/patcom/patents.html. Letters of Assurance may indicate
whether the Submitter is willing or unwilling to grant licenses under patent rights without compensation or
under reasonable rates, with reasonable terms and conditions that are demonstrably free of any unfair
discrimination to applicants desiring to obtain such licenses.

Essential Patent Claims may exist for which a Letter of Assurance has not been received. The IEEE is not
responsible for identifying Essential Patent Claims for which a license may be required, for conducting
inquiries into the legal validity or scope of Patents Claims, or determining whether any licensing terms or
conditions provided in connection with submission of a Letter of Assurance, if any, or in any licensing
agreements are reasonable or non-discriminatory. Users of this standard are expressly advised that
determination of the validity of any patent rights, and the risk of infringement of such rights, is entirely their
own responsibility. Further information may be obtained from the IEEE Standards Association.

IMPORTANT NOTICE

Technologies, application of technologies, and recommended procedures in various industries evolve over
time. The IEEE standards development process allows participants to review developments in industries,
technologies, and practices, and to determine what, if any, updates should be made to the IEEE standard.
During this evolution, the technologies and recommendations in IEEE standards may be implemented in
ways not foreseen during the standard’s development. IEEE standards development activities consider
research and information presented to the standards development group in developing any safety
recommendations. Other information about safety practices, changes in technology or technology
implementation, or impact by peripheral systems also may be pertinent to safety considerations during
implementation of the standard. Implementers and users of IEEE Standards documents are responsible for
determining and complying with all appropriate safety, security, environmental, health, data privacy, and
interference protection practices and all applicable laws and regulations.

5 Available at: https://standards.ieee.org/about/sasb/patcom/materials.html.
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Introduction

This introduction is not part of IEEE Std 1953.1-2025, IEEE Standard for Flexible Optical Service Unit for Optical
Networks.

With the end of sale and support of synchronous digital hierarchy (SDH) equipment from vendors, optical
transport network (OTN) is quickly replacing SDH networks. Currently, OTN is also gradually applying to
various specific networks for vertical industry applications. OTN will be used to carry a variety of services,
including high-quality leased lines and video services. This standard specifies a flexible optical service unit
(OSU) path layer for optical networks to provide 2 Mb/s to 100 Gb/s services. The main features of the OSU
path layer are providing massive OSU connections to carry packet and constant bit rate (CBR) services with
guaranteed performance. The OSU path layer can be carried on different server layers, e.g., OTN, passive
optical network (PON).

. Documents
Copyright © 2026 IEEE. All rights reserved. Document Sharing Hub
Authorized licensed use limited to: Tsinghua University. Downloaded on February 25,2026 at 03:28:21 UTC from IEEE Xplore. Restrictions apply.

Full document details: IEEE 1953.1-2025


http://www.avadocuments.com/doc/ieee-1953-1-2025
http://www.avadocuments.com/doc/ieee-1953-1-2025

Contents

L. OVETVIEW ettt ettt et ettt b e s bt e b e st et e b et b e s bt bt e bt eb b et et e bt sbeebeebeeb e et et e benaenues 11
L] S0P ettt et ettt e b e bt e bt e bt e e bt e e bt e e ba e e bt e e b e e e bee e beeenbeeenree 11
L2 PUIPOSE .ttt ettt ettt ettt ettt et et ettt e st e e s bt e et e e e bt e e bt e eab e e eabeesabeeeaseesabeeenbeeeabeeenbeeenbee 11
1.3 WOTA USAZE ....vveeueeeeiieeiee ettt ette ettt ette ettt et e et eeteeestaeeteesabaeesseeensaeenseeensaeenseeensaeenseeensaeenseesnseeenseennses 11

2. NOTIALIVE TEIRIETICES. ...t utetieitietiett ettt ettt et e bt ettt e stee st e e bt et e eateeb e eeb e e bt e beemeesaeesaeenbeenseenteeneesneenbeens 12

3. Definitions, acronyms, and abDIEVIATIONS .........cccueerureerieeriieeriieesieeeeeeteeesreesreeeteesbeeeseessseeesseesnsaeesseesns 12
I O B ) 10115 (o) 1 OO OO OO PT SRR 12
3.2 Acronyms and abDIEVIALIONS ........cccuveeiuieiiiieeiiieiiieeieesieeeteesteesbeesbeeesbeesnbeessseessseessseessseensseessseenssens 13

4. OSU layer NetWOTK arChILECTUIE .....cc.vierieeriieriieeiierteesieesteesteestee sttt e sbeessseessseessseessseensseessseessseesssesnssens 18
4.1 OSU layer NEtWOTIK OVEIVIEW .....eccviieiiriieriieiieieeiiesitestteteestesteseeeseeesseesseessesssesseenseenseensesnsesseesseenseenes 18
4.2 INFOTMAtION SIIUCLUTE ....c..eviiniiititentieterieett ettt ettt ettt ettt sb e eb et ebt et et e bbbt sbeebe et et enaeneeenes 18
4.3 MUItIPIEKING SLIUCLULE ....eeuvieniieeeeeieeeiestietteteeeteestesseesseeseesseesaesseesseeseenseassesssesseeseensesnsesnsesseesseenseenes 19
4.4 Functional TEQUITEIMIENLS .........eccveeieriertiertteieeteettesstessteteesessesseesseeseesseasseassesseeseenseensesnsesseesseenseenes 20

5. OSU frame format and 0Verhead...........cocceiiiiiiiiniiiiieee ettt 21
5.1 OSU frame fOIMIAL ......eeutiiiiiriiriiiteiteet ettt ettt st b et eb et ettt besae bt ebe st etentenbeneeas 21
5.2 OSU general OVEINEAQ..........cueeeuiiiiiieeiie ettt e st esbe e sbeesaaeesnbeessseessbaessseessseennsees 21
5.3 OSU Mapping OVEIrhEad. ........coiuiiiuiiiiiieeiieitiet ettt ettt ettt st e b e b eneeene 34
5.4 OSU fTAIME LYPC .vveeuvreeuiieeiieeitieeteeeetteeiteesteeeteesteessteessbeeasseessseeasseesssaessseessseessseessseessseesseensseesssesnsses 34

6. Bit 1teS AN CAPACTLY...uvieviieeieiiiieitie ettt eetteeiteestte et e eteeeteeeteeeteeesseesssaeenseesnsaeanseesnsaeanseesnseessseesnsasenseesns 42
6.1 BASIC DIt TALE ...ttt ettt ettt st b ettt et ea e e b e eb e bt et e et e et e seeesaeenaee b enee 42
0.2 BIETALE ...ttt ettt ettt h et a et b e bbbt ea ettt et be bt bbbt et et e nbe e 43

7. Mapping of client signals int0 OSU ........ccceoiiiiiiiieiieiieriiee ettt steeae e saeesseesseeteenseensessnenseens 46
7.1 IEEE 802.3 (Ethernet) Mapping...........ccoecueeieriertieseesieeeeseesttesteesseeteessesssesseesseesesssesssesssesseesseensennes 46
7.2 CBR UMAPPINEZ ..vvienvienieeieeieeeieesit et et eeteettesteesstesseessesnsesssesstesseasseanssanseassesssenseeseensennsesnsesssesseesseensennes 57
7.3 PRBS test SIZNAlS MAPPING.....ccuvertieiieteeieeiieetiestieteeseestestesseesseeseanseassesssesseesseessessessesssesseesseesseenes 67

8. Mapping OSU signals into optical channel payload unit-k (OPUK)........ccccecuevieriinininininiieiccicnicnne 67
8.1 OPU PB SHIUCTUIE ...ttt ettt ettt ettt ettt sttt et et et e s e sb e eb e e bt et e emtesaeeseeesbeenaeenseenee 67
8.2 Transport period and P VAIUES ........ceeeciiiiiiiiciie ettt e e s ve e s e e ssaeenneees 68
8.3 OSTU SHUCTUIE ...ccueeueeeiteitieette sttt ettt et e et et et e et e e et satesbee st e e bt enteeateeseeeseenbe e beenbeemeesmeeseeesueenaeenseenes 69
8.4 TDLE 1at€ adaPtation......cccvieiiieeiiieiitieeitieeieeeieesteeeteesbeesseessseeesseesssaessseessseessseessseessseessseensseesssesnsses 70
8.5 MultipleXing OSU iNt0 OPU .....cccuiiiiiiiiieiieiie ettt sttt st st saee e 70

9. Hitless bandwidth adjustment 0f OSU ..........ccuieoiiiiiieiiieieee ettt ebee s baeebeessbaeebee e 74
9.1 Functional FEQUITEIMENLS .........cceeruieiietieieeiieniiesteeteetestestestte st esseenteeseessaesseesseenseensesnsesseesneesseenseenes 74
9.2 OSU hitless bandwidth adjustment control frame ..........cccocerverieriieciieie e 75
0.3 RESIZING PIOCEAULE .....eevieieiieiietieteeeteeeteeteesseeseeseesesesesstesseesseenseanseasseassenseenseensennsesnsesssesseesseensennes 76
9.4 Resizing procedure in ProteCtion SCENATIO ........eervterverrrerrerrertrerteeteeseessessresseesseessesssesssesssesseesseesseenes 78

10, OSU PIOLECHION ... .eeuvieeeeieeitesteertteteeteetteeteesteeseesseassesasesseasseesseanseassansaeseenseensesnsesasesseesssenseenseansenssenseens 81
TO.T GOICTAL ...ttt b et eb et ettt b e bt b e e bt eb st et e bt s bt beebe bt et et et e e enes 81
10.2 OSU SNCP T+ PIOtECLION ....veetireeieeitieeriieeitieestteestteesteeesteeesseeestaeesseeesseesseesssseesseesssseessessssssessessnses 81
10.3 Protection SWitChing ProtOCO]..........coiuiiiiiiiiiiiiieie et s 84

11. OSU CloCk SYNCHIONIZATION ....eevviiviieeiiieitieeciie et este ettt este et esteestaeessaeessaeessseessseessseensseesssaensseessseenssens 84
L R € 1< v | O O P P R PR SRPRR 84
11.2 Physical-layer clock SYNChrONIZAtION .........eecuvieruieeiiiierieeiieeiieeieeerte et e e esteeesaeeeteeeseeeeeaeeseeenes 84

. Documents
Copyright © 2026 IEEE. All rights reserved. Document Sharing Hub

Authorized licensed use limited to: Tsinghua University. Downloaded on February 25,2026 at 03:28:21 UTC from IEEE Xplore. Restrictions apply.

Full document details: IEEE 1953.1-2025


http://www.avadocuments.com/doc/ieee-1953-1-2025
http://www.avadocuments.com/doc/ieee-1953-1-2025

11.3 Adaptive clock synchronization (Optional) ..........cceeriiriiriiiiiiiienee e e 85

12. OSU general communication ChANME ..........cccoeiiiiiiiiiiiiiiieieeeeee et 86

12.1 OSU GCC OAM frame fOIMAL........eeruieiiieiieiieiieitieteee ettt ettt ettt st s saee e 86

12.2 OSU GCC functional TEQUITEIMENLS .........eecvieveeireriiesteeieesteeteseesseesseeseesessaessaesseessesssessesseesseesseenes 86

Annex A (normative) Optical service Unit defECtS .........eevvieeiieiieeierieiee et 88
0 Documents

Copyright © 2026 IEEE. All rights reserved. Document Sharing Hub

Authorized licensed use limited to: Tsinghua University. Downloaded on February 25,2026 at 03:28:21 UTC from IEEE Xplore. Restrictions apply.
Full document details: IEEE 1953.1-2025


http://www.avadocuments.com/doc/ieee-1953-1-2025
http://www.avadocuments.com/doc/ieee-1953-1-2025

IEEE Standard for Flexible Optical
Service Unit for Optical Networks

1. Overview

1.1 Scope

This standard specifies a flexible optical service unit (OSU) path layer for optical networks to provide 2 Mb/s
to 100 Gb/s services. The main features of the OSU path layer are providing massive OSU connections to
carry packet and constant bit rate (CBR) services with guaranteed performance, enabling the flexible hitless
bandwidth adjustment (e.g., n x 10 Mb/s) for each OSU connection, with the capabilities of high-bandwidth
efficiency, large capacity, and low latency. The OSU path layer can be carried on different server layers
(optical transport network [OTN], passive optical network [PON], etc.).

1.2 Purpose

The standard supports high-quality leased line services and video services with guaranteed performance that
are used in telecom operators’ optical networks and other industry transport networks. The standard defines
technical specifications that meet the requirements of these services, such as low latency, massive
connections, and agile hitless bandwidth adjustment.

1.3 Word usage

The word shall indicates mandatory requirements strictly to be followed in order to conform to the standard
and from which no deviation is permitted (shall equals is required to0).%’

The word should indicates that among several possibilities one is recommended as particularly suitable,
without mentioning or excluding others; or that a certain course of action is preferred but not necessarily
required (should equals is recommended that).

The word may is used to indicate a course of action permissible within the limits of the standard (may equals
is permitted to).

The word can is used for statements of possibility and capability, whether material, physical, or causal (can
equals is able to).

¢ The use of the word must is deprecated and cannot be used when stating mandatory requirements; must is used only to describe
unavoidable situations.

7 The use of will is deprecated and cannot be used when stating mandatory requirements; will is only used in statements of fact.
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2. Normative references

The following referenced documents are indispensable for the application of this document (i.e., they must
be understood and used, so each referenced document is cited in text and its relationship to this document is
explained). For dated references, only the edition cited applies. For undated references, the latest edition of
the referenced document (including any amendments or corrigenda) applies.

IEEE Std 802.3™-2022, IEEE Standard for Ethernet.® °

ITU-T G.707, Network node interface for the synchronous digital hierarchy (SDH).'°

ITU-T G.709, Interface for the optical transport network (OTN).

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

ITU-T G.823, The control of jitter and wander within digital networks which are based on the 2048 kbit/s
hierarchy.

ITU-T G.825, The control of jitter and wander within digital networks which are based on the synchronous
digital hierarchy (SDH).

ITU-T G.873.1, Optical transport network: Linear protection.

ITU-T G.7712, Architecture and specification of data communication network.
ITU-T G.8260, Definitions and terminology for synchronization in packet networks.
ITU-T G.8261, Timing and synchronization aspects in packet networks.

ITU-T G.8275.1, Precision time protocol telecom profile for phase/time synchronization with full timing
support from the network.

3. Definitions, acronyms, and abbreviations

3.1 Definitions

For the purposes of this document, the following terms and definitions apply. The IEEE Standards Dictionary
Online should be consulted for terms not defined in this clause.!!

multi-frame mode (MFM): Indicates that the optical service unit (OSU) maps services based on a multi-
frame consisting of one basic frame and one or more extension frames with the specific pattern of path
monitoring (PM), tandem connection monitoring (TCM), and mapping overheads.

single-frame mode (SFM): Indicates that the optical service unit (OSU) maps services based on a single
frame with the specific pattern of path monitoring (PM), tandem connection monitoring (TCM), and mapping
overheads.

8 The IEEE standards or products referred to in Clause 2 are trademarks owned by the Institute of Electrical and Electronics Engineers,
Incorporated.

% IEEE publications are available from the Institute of Electrical and Electronics Engineers (https://standards.ieee.org/).

19 ITU-T publications are available from the International Telecommunications Union (http:/www.itu.int/).

" IEEE Standards Dictionary Online is available at: http:/dictionary.ieee.org. An IEEE Account is required for access to the dictionary,
and one can be created at no charge on the dictionary sign-in page.
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3.2 Acronyms and abbreviations

256b PTR 256b pointer

257b IND 257b indication

1PPS 1 pulse per second

AcBW accepted bandwidth

ACK _IND acknowledge indication

AIS alarm indication signal

AMP asynchronous mapping procedure
APS automatic protection switching
AU administrative unit

BDEG backward degraded defect

BDI backward defect indication

BEI backward error indication

BER bit error rate

BIP bit interleaved parity

BIPS bit interleaved parity-8

BMP bit-synchronous mapping procedure
BW bandwidth

BWM bandwidth mismatch

BW_ADJ ACK bandwidth adjustment acknowledge
BW_ADJ REQ bandwidth adjustment request
BW _DEC ACK bandwidth decrease acknowledge
BW_DEC REQ bandwidth decrease request
BW_INC ACK bandwidth increase acknowledge

BW_INC_CONFIRM

BW_INC_CONFIRM_ACK

BW_INC_NACK

BW_INC_REQ

bandwidth increase confirm
bandwidth increase confirm acknowledge
bandwidth increase negative acknowledge

bandwidth increase request
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BW_ROLLBACK_ACK
BW_ROLLBACK_REQ
CBR

CFI

CRC

CSF

cv

DA

DAPI
DEG
DEGM
DM

FDI

FT

FTM

GCC
GMP
GMP-OSU
M
IMP-OSU
IPG

LCK

LF

LN _P

LN _SQ
LOF
LOFLOM

LOM

bandwidth rollback acknowledge

bandwidth rollback request

constant bit rate

client fault indication

cyclic redundancy check

client signal fail

connectivity verification

destination address

destination access point identifier

degraded defect

degraded defect consecutive one-second monitoring intervals
delay measurement

forward defect indication

frame type

frame type mismatch

general communication channel

generic mapping procedure

generic mapping procedure—optical service unit
in multiframe

idle mapping procedure—optical service unit
interpacket gap

locked

local fault

loss number of 256b pointer

loss number of sequence

loss of frame

loss of frame and multiframe

loss of multiframe
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LOM_P
LOM_ T
LOPB
LOS
LSB
LSS
LTC

M8

M32
M32/256
M512
MAC
MFM
MOD
MON
MSB
NNI
OAM
OCh
OCI
ODU
ODUCn
ODUj
ODUk
ODTUjk
ODTUG
ODUk-Xv

OEC

IEEE Std 1953.1-2025

IEEE Standard for Flexible Optical Service Unit for Optical Networks

loss of multiframe path

loss of multiframe tandem connection monitoring (TCM)
loss of payload block

loss of signal

least significant bit

loss of pseudo-random binary sequence lock
loss of tandem connection

8 multiframe

32 multiframe

32/256 multiframe

512 multiframe

media access control

multi-frame mode

mode configuration

monitoring

most significant bit

network node interface

operation, administration, and maintenance
optical channel with full functionality

open connection indication

optical channel data unit

optical data unit-Cn

optical channel data unit-j

optical data unit-k

optical channel data tributary unit j into k
optical channel data tributary unit group

X virtually concatenated optical data unit-ks (ODUKks)

optical transport network (OTN) equipment clock
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OH
OMS
OMS-OH
OOM
OPU
OPUk
OPUk-Xv
OSC
OSTU
OSTUG
OSuU
OSUP
OSUT
oT
OTN
OTS
OTU
OTUk
OTUkV
PB

PBP
PKT
PLM
PLn

PM
PRBS
PRC

preLOF
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overhead

optical multiplex section

optical multiplex section overhead
out of multiframe

optical channel payload unit
optical channel payload unit-k

X virtually concatenated optical data unit-ks (OPUks)
optical supervisory channel
optical service tributary unit
optical service tributary unit group
optical service unit

optical service unit path

optical service unit tandem connection monitoring (TCM)

operation, administration, and maintenance (OAM) frame type

optical transport network

optical transmission section

optical channel transport unit

completely standardized optical channel transport unit-k
functionally standardized optical channel transport unit-k
payload block

payload block pointer

packet

payload mismatch

payload length-n

path monitoring

pseudo-random binary sequence

primary reference clock

previous loss of frame
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PSI
PT
RDI

REQ_IND

SA
SAPI
SDH
SEC
SFD
SFM
SNCP
SNC/I
SNC/N
SNC/S
SOH

SQ
STAT P
STAT T
STM-N
TCM
TPN
TPNM
TS

TSE
TS-FH

TU
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payload structure identifier

payload type

remote defect indication

request indication

reserved for future international standardization
remote fault

source address

source access point identifier

synchronous digital hierarchy

synchronous digital hierarchy (SDH) equipment clock
start-of-frame delimiter

single-frame mode

subnetwork connection protection

subnetwork connection protection with inherent monitoring

subnetwork connection protection with non-intrusive monitoring

subnetwork connection protection with sub-layer monitoring
section overhead

sequence

state path

state tandem connection monitoring (TCM)
synchronous transport module level N
tandem connection monitoring

tributary port number

tributary port number mismatch

timestamp

test sequence error

timestamp frame header

tributary unit
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TU-AIS tributary unit-alarm indication signal
TUG tributary unit group

VC-n virtual container-n

VC PTR virtual container pointer

4. OSU layer network architecture

4.1 OSU layer network overview

Optical service unit (OSU) is used in the optical transport network (OTN) to support client services with rates
at 2 Mb/s to 100 Gb/s. This OSU layer network is located above the optical data unit (ODU) layer. The OSU
frame length is 192 bytes, and the frame structure includes overhead and payload areas. The layer network
functions provided by OSU specifically include OSU service adaptation, OSU overhead management and
monitoring, OSU cross-connection functionality, OSU multiplexing to optical payload unit (OPU), OSU
hitless bandwidth adjustment, and OSU protection functions. The OSU layer network is an extension of the
existing OTN to support fine-granularity client services. OSU can be mapped and multiplexed to optical data
unit-k (ODUK), or first mapped to ODUj and then multiplexed to ODUk/optical data unit-Cn (ODUCn).

4.2 Information structure

Figure 1 illustrates the information containment relationship of OSU. Client services are first mapped into
the payload area of the OSU frame. The overhead area of the OSU frame provides functions for path
monitoring (PM) overhead, tandem connection monitoring (TCM) overhead, and section overhead (SOH).
Subsequently, the OSU frame is further mapped into the OPU payload blocks (PB).

Clients

OH OSU payload | OSU payload frame

osuU . B
PMOH OSU payload frame | OSU Path
! osSU
i TCMI1 OH
i I
osuU - OSU TCM
TCMOH
I I
! ! 0SU
| | TCM?2 OH J
I I
osuU
SOH OSU section

OPUPB

Figure 1—OSU information containment relationship
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4.3 Multiplexing structure

Figure 2 describes the layer network structure where OSU is multiplexed to OPU through the optical service
tributary unit (OSTU) and the optical service tributary unit group (OSTUG).

% Up to C OSU frames 4
OSU frame OSU frame
# #C OSU
H 1
1 1
OSTU OSTU
osTU#1, eeees OSTU #m

OPU

OH OPU payload area

ODU

P ODU payload area

Figure 2—OSU to ODU multiplexing structure

Figure 3 illustrates the specific mapping and multiplexing path from OSU to ODUk/Cn. Multiple OSTUs
from different ports are multiplexed to form an OSTUG (payload type [PT] = 0x88), which is then mapped
into OPU. After adding the corresponding overhead, it forms an ODU, or it can be further multiplexed into
a higher-rate ODU.
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ODUCn [ ores N 3 OSTU ’ osU
OTU3[V] oDU3 = _ =~ 0sTUGS !
(PT=0x88) x1 !
\ J OSTU 0sU
®1
. N D OSTU 08U
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ODUCn [Tomm o ~ O5TT : 0SU
Ot | roay (€ 05V | !
\ ) OSTU - 0sU
to ODU2,3 4, “
ODUCn 1| opur af N 0OSTU - 0sU
OTUL[V] ODU1 (PT=0x85) < 0STUGL 1 !
\ J 0STU - osU
to ODUL2,3.4, “
oDUCH' o[ om0 ) s 3 OSTU - 0sU
oTUD oDU0 ®T=0:35) < 0STUGD " '
\ OSTU - 08U
- ~ %1
OSTU 0sU
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\ / OSTU - 0sU
0STU 0sU < Client signal

e

Figure 3—OSU to OPU mapping and multiplexing path

4.4 Functional requirements

OSU should support the following functions:

a)

b)

¢)
d)

g)
h)

OSU client adaptation, including IEEE 802.3™ (Ethernet) client services with bit rate ranging from
2 Mbit/s to 100 Gbit/s, and constant bit rate (CBR) client services like synchronous transport module
level 1 (STM-1)/synchronous transport module level 4 (STM-4)/virtual container-n (VC-n) (including
El)

Clock synchronization of CBR client services, and support for network clock synchronization of VC-n
client services

OSU to ODU multiplexing functionality

OSU cross-connection functionality, which should include the following types of cross-connections:
unidirectional, bidirectional, loopback, and broadcast

OSU PM/TCM monitoring functions and the insertion of alarm indication signal (AIS)/open connection
indication (OCI)/locked (LCK) maintenance signals

OSU pseudo-random binary sequence (PRBS) testing functionality
OSU delay measurement functionality

OSU subnetwork connection protection (SNCP) 1+1 protection switching
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i) OSU hitless bandwidth adjustment functionality

j)  OSU general communication channel (GCC) functionality, used to provide a common communication
path between network elements

k) Mixed multiplexing of OSU and ODU to high-order OPU (for further study)

5. OSU frame format and overhead

5.1 OSU frame format

The frame format of the OSU is shown in Figure 4. The length of the frame is 192 bytes. Bytes 1 to 7 are the
overhead area, and bytes 8 to 192 are the payload area. OSU overheads include OSU general overheads and

OSU mapping overheads.
1 eeeeeeeeeeeeeeeseeaeenaeneee 5 7 8 eveesveeseesessessn—— 192
Overhead area Payload area
Byte 1 2 3 4-6 7
Bit 1|2 3|4|5|6|7|8 1|2|3|4|5|s 7|8‘1 2.8 1|2|3|4|5|s|7|s
Field EMOD@ é TPN @ é FT é Other overheads % @ CRC8 %

Figure 4—0OSU frame format

In this standard, the transmission order of the OSU frames and overheads is from left to right, from the most
significant bit (MSB) to the least significant bit (LSB). For each overhead field, the leftmost bit is the MSB,
and the rightmost bit is the LSB. For the overhead fields identified by multi-frame number (for example,
M32), the bit in the frame with the minimum multi-frame number is the MSB, and the bit in the frame with
the maximum multi-frame number is the LSB.

5.2 OSU general overhead
5.2.1 General

There are three types of OSU general overheads: OSU section overhead (SOH), OSU tandem connection
monitoring (TCM) overhead, and OSU path overhead. The SOH consists of the following three overhead
fields:

— Tributary port number (TPN) overhead

— Connectivity verification (CV) overhead

— CRCS check overhead
5.2.2 OSU section overhead (SOH)
5.2.2.1 General

The TPN, CV, and CRCS are generated at the source end of the OSU section and terminated at the sink end
of the OSU section. SOH shall be regenerated and terminated in each section that the OSU passes through.
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5.2.2.2 Tributary port number (TPN)

The 12-bit TPN is located in bits 3 to 8 of byte 1 and bits 1 to 6 of byte 2. It is used to identify the relationship

between the tributary port and the OSU frame.

The TPN is unique in every server layer that directly carries every OSU section. It is used to distinguish each

tributary port. The value of TPN is defined in Table

1.

On the end-to-end path, TPN shall be regenerated and terminated in each section that the OSU path passes

through, as shown in Figure 5.

The value of the TPN overhead field is recommended to be 0 by default before multiplexing the OSU frame
into the ODU server layer. A specific TPN value shall be assigned to identify the port number when

multiplexing the OSU into the ODU server layer.

Table 1—TPN value definition

Byte 1 Byte 2 .
Port number/function
31456781 ][2]3]4]5]6
000000000000 Reserved
000000000001 Port 1
000000000010 Port 2
000000000011 Port 3
111110100000 Port 4000
111110100001
to Reserved
111111111110
111111111111 Reserved for idle frame
| B TPN=x R | P TPN=y N
. |
osu
3 osu osu
b= osu |13 2l osu (TPN=y)| [2 of[(TPN=y) o
El osu]| (TPN=x)||© o||(TPN=x) 550 118 Sl osu S
OTN1 (TPN=n) (TPN=n)
osu osu
(TPN=m) N OTN3
=n
OTN2 ]
I 3
0
=
]
oDU 3
osu >
(TPN=m)
osu
OTN4 [Port3
Figure 5—TPN processing example
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22

Copyright © 2026 IEEE. All rights reserved.

Document Sharing Hub

Authorized licensed use limited to: Tsinghua University. Downloaded on February 25,2026 at 03:28:21 UTC from IEEE Xplore. Restrictions apply.

Full document details: IEEE 1953.1-2025


http://www.avadocuments.com/doc/ieee-1953-1-2025
http://www.avadocuments.com/doc/ieee-1953-1-2025

IEEE Std 1953.1-2025
IEEE Standard for Flexible Optical Service Unit for Optical Networks

5.2.2.3 Connectivity verification (CV)

The CV overhead is used to verify the connectivity of OSU frames in the section layer. It shall be regenerated
and terminated in each section that the OSU passes through. The format is described in 5.2.5.

5.2.2.4 CRC8 overhead

The CRCS8 overhead is located in bits 1 to 8 of byte 7 and is used to perform cyclic redundancy checks on
the OSU frame overhead (48 bits in bytes 1 to 6). The CRC8 polynomial is G(x) = x® + x>+ x + 1, and it
shall be regenerated and terminated in each section that the OSU passes through. The details of the processing
procedure are as follows:

— At the source end of each section, a CRCS check is performed based on overhead (48 bits from bytes
1 to 6). The initial values of the 8-bit CRC8 check code are all 1s, and the CRC8 operation is
performed based on the polynomial. The 8-bit check result will be generated after the CRCS
calculation is complete, and the result will be sent to the sink end of the section.

— At each sink end of the section, a CRC8 check will be performed by using the same calculation
process at the source end of the section. That is, the CRCS8 check will be performed based on 48-bit
overhead (the bytes 1 to 6). The initial values of the 8-bit CRCS8 check code are all 1s, and a CRCS8
operation is performed based on the polynomial G(x) = x® + x> + x + 1. The 8-bit check result will
be generated by performing the CRCS8 calculation. The result will be compared with the received
CRCS check result. If two results are equal, it indicates that the data is correct. Otherwise, it indicates
that a CRC8 error occurs in the frame, and the incorrect OSU frame will be discarded.

5.2.3 OSU tandem connection monitoring (TCM) overhead
5.2.3.1 General

TCM is used to monitor the tandem connection between the OSU nodes. The OSU can support up to two
levels of TCM sections. TCM overhead fields consist of bit interleaved parity-8 (BIPS), backward defect
indication (BDI), backward error indication (BEI), backward degraded defect (BDEG), delay measurement
(DM), and automatic protection switching (APS). The formats are defined in 5.2.5.

5.2.3.2 Bit interleaved parity-8 (BIP8)

The range checked by BIPS is from bytes 8 to 192 in the multi-frame payload area of consecutive 32 OSU
frames. The source end performs a BIP8 check on each 32-frame multiframe to generate the BIP8 calculation
result, and then inserts the BIP8 calculation result into the BIP8 overhead in the next 32-frame multiframe.
The sink end performs BIPS8 calculation for each 32-frame multiframe according to the same rules. Then, the
sink end compares the BIP§ calculation result with the BIP8 calculation result carried in the BIP8 overhead
of the next 32-frame multiframe to obtain the check and comparison result for the current 32-frame
multiframe, as shown in Figure 6.
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M32 )
#1 General Overhead Mapping overhead | CRC8 Payload Area
32-frame multiframe | #2 General Overhead Mapping overhead | CRCS8 Payload Area
#i K H
#32 | General Overhead | Mapping overhead | CRC8 | Payload Area | —Pl___|
- —»BIP8
Insert the BIP calculation result into the next 32-frame multiframe
#1 | General Overhead | Mapping overhead | CRC8 | Payload Area |
32-frame multiframe #2 | General Overhead E | Mapping overhead | CRC8 | Payload Area |
#i+1 o
#32 | General Overhead | Mapping overhead | CRC8 | Payload Area |

Figure 6—BIP8 calculation

5.2.3.3 Backward defect indication (BDI)
BDI is used to notify the source end of the OSU signal failure status detected in the TCM layer.
5.2.3.4 Backward error indication (BEI)

BEI is used to notify the source end of the count of OSU blocks that have been detected in error by using the
BIPS in the corresponding TCM layer.

If the BIPS8 calculation result at the sink end is different from the BIP8 calculation result at the source end,
bit errors exist in the current 32-frame multiframe.

If the BIP8 calculation result at the sink end is consistent with the BIP8 calculation result at the source end,
the comparison result is 0. It indicates that there is no bit error in the current 32-frame multiframe.

If an incomplete 32-frame multiframe is received, the check result is recorded as 1 and processed in
accordance with the presence of bit errors. Then, the check result is accumulated to the block error counter.
The block error counter represents the accumulated bit errors of the 32-frame multiframe in the upstream
direction. The initial value of the counter is 0.

The sink end returns the error block counter back to the source end as the backward error indication (BETI)
overhead information to indicate the bit error situation in the upstream direction, and at the same time resets
the error block counter to 0.

When the upstream and downstream bandwidth of the OSU that carries the packet (PKT) service are
inconsistent, the block error needs to be accumulated according to the actual deviation between the upstream
and downstream bandwidth. For the OSU that carries the CBR service, the upstream and downstream
bandwidths of the OSU are consistent, and the block error is accumulated only once.

5.2.3.5 Backward degraded defect (BDEG)

BDEG is generated based on the BIP8 check result at the sink end, and it indicates a backward degraded
defect to the source end. The BDEG collects statistics based on error blocks. The consecutive 32 OSU frames
form a block. BIPS value is calculated with the bytes 8 to 192 in the consecutive 32 OSU frames at the sink
end, and it is compared with the received BIP8 value in the next period. If a bit error exists in the calculation
result, the block formed by the consecutive 32 OSU frames is an errored block. Error block count is used as
the basic count for the degraded defect (DEG) defect calculation. When the bit error rate (BER) at the sink
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end exceeds the DEG threshold every second, a DEG defect is generated. At the same time, BDEG shall be
set to 1 at the sink end to indicate DEG defect in the upstream direction to the source end. When the bit error
rate at the sink end per second is lower than the DEG threshold, the sink end resets the DEG defect and
returns the BDEG = 0 back to the source end. The details about the DEG threshold configuration are described
in Table 7-1 of ITU-T G.806 (2012).'?

The BDEG overhead is equivalent to the combined function of BDI + BEI. Therefore, the backward
indication overhead of each OSU layer just needs to choose one from BDI + BEI and BDEG.

5.2.3.6 Delay measurement (DM)

DM is used for delay measurement in the TCM layer, and it can support one-way and two-way delay
measurement.

One-way delay measurement requires time synchronization between the source end and the sink end. For
details about the synchronization, please refer to ITU-T G.8275.1 and ITU-T G.709. Measurement is
performed by recording the transmitting timestamp (T1) at the source end and the receiving timestamp (T2)
at the sink end, as shown in Figure 7.

Transmitting timestamp (T1) Receivingtimestamp (T2)

intermediate node
(Transparent transmission)

Source End > Sink End

!

Figure 7—One-way delay measurement

The one-way delay between the source and the sink end is calculated by Equation (1).

DEIaYOne—way =T2-T1) (1

where

Delay,ne—way 1S the one-way delay between the source and the sink end
T1 is the transmitting timestamp at the source end

72 is the receiving timestamp at the sink end

Two-way delay measurement does not require time synchronization between the source end and the sink end.
The source end sends the request information of DM measurement, and performs measurement by recording
the transmitting timestamp (T1) at the source end, the receiving timestamp (T2) at the sink end, the
transmitting timestamp (T3) at the sink end, and the receiving timestamp (T4) at the source end. The
intermediate node transparently transmits the DM measurement information. After receiving the DM
information, the sink end loops back to the source end and inserts the residence time at the sink end, as shown
in Figure 8.

12 Information on references can be found in Clause 2.
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Record the transmitting timestamp T1 and

the receiving timestamp T4 Loopback DM and insert residence time
T1 > ovoh d-; T2
intermediate node verhea ‘] .
Source End (Transparent transmission)| Loopback ;Slnk End
T4 < T3

Figure 8—Two-way delay measurement

The residence time is calculated by Equation (2).

T.=T3-T2 2)
where

T, is the residence time at the sink end

12 is the receiving timestamp at the sink end

73 is the transmitting timestamp at the sink end

The source end obtains the two-way delay by Equation (3).
Delayiwo-way = T4 —T1 —Tr 3)
where

Delayiyo-way 18 the one-way delay between the source and the sink end

T1 is the transmitting timestamp at the source end
T4 is the receiving timestamp at the source end
T, is the residence time at the sink end

5.2.3.7 Automatic protection switching (APS)

APS is used to transmit the automatic protection switching protocol in the TCM layer, including
request/status, protection type, request signal, and bridge signal. For details, please refer to ITU-T G.873.1.

5.2.4 OSU path overhead

5.2.4.1 General

OSU path overheads include path monitoring (PM), mode configuration (MOD), and frame type (FT).
5.2.4.2 Path monitoring (PM)

5.2.4.2.1 General

PM is used to monitor the end-to-end path of OSU, including trail trace identifier (TTI), BIPS, BDI, BEI,

BDEG, DM, and APS. The formats are defined in 5.2.5. The definitions of these overheads are given in
52.422and52.4.23.
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5.2.4.2.2 Trail trace identifier (TTI)

The trail trace identifier (TTI) is defined as a 32-byte string for trail tracing. It consists of the source access
point identifier (SAPI) and the destination access point identifier (DAPI), which are consistent with the first
32 bytes of the TTI defined in ITU-T G.709.

5.2.4.2.3 Other overheads

The functions of BIP8, BDI, BEI, BDEG, DM, and APS are consistent with those described in 5.2.3.
5.2.4.3 Mode configuration (MOD)

The OSU mode configuration is located in bits 1 and 2 of byte 1. It can be flexibly configured as the OSU
frame mode identifier. Based on the unified 192-byte frame size, unified section overhead processing (TPN
processing), and unified mapping and multiplexing procedure, PM and TCM can be extended and customized
as required. In this document, two modes are defined: single-frame mode (SFM, set to 01) and multi-frame

mode (MFM, set to 00).

NOTE—Deploy the single-frame mode or multi-frame mode in accordance with the requirements of network
applications.'3

5.2.4.4 Frame type (FT)

The FT is located in bits 7 to 8 of byte 2 and bit 1 of byte 3 with a length of 3 bits to identify the frame type.
FT types are defined in Table 2. The OSU frame type is defined in 5.4.

Table 2—Frame type (FT) definition

Bit 1 Bit 2 Bit3 Frame types?®

000 PKT frame

001 PRBS tes't frame (for SFM)
PKT extension frame (for MFM)

010 CBR data frame

011 VC-n frame (for SFM)
CBR extension frame (for MFM)

100 Keep active frame

101 Client fault frame

110 Maintenance status frame

111 OAM frame

*When OSU data frames, data extension frames, client fault frames, maintenance status frames, keep-
active frames, OAM frames, and PRBS test frames are mapped into OSTU at the source end of the section
layer, TPN, CV, and CRC8 overheads are generated.

13 Notes in text, tables, and figures of a standard are given for information only and do not contain requirements needed to implement
this standard.
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